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Abstract 

The testing effect is a robust cognitive strategy for improving recall from memory. Most 

of the literature about the testing effect (repeated retrieval practice) focusses on retrieval practice 

of academic, subject content. Test anxiety can occur in many individuals and from age seven 

upwards and students who are high in test anxiety account for 10-20% of a school population. 

The intervention in this study used retrieval practice to teach 10-to 11- year-olds about the 

testing effect itself; in effect, using the testing effect to teach the testing effect to try and increase 

feelings of self-efficacy in test taking and reduce the worry or cognitive element of test anxiety. 

The impact of the intervention was measured with a new Self-efficacy in Test Taking instrument 

and an adapted version of the thoughts’ subscale from the Children’s Test Anxiety Scale using 

pre-test and post-test participant responses. The intervention was delivered in the classroom over 

a period of six weeks and aimed to teach 10-to 11- year-olds to believe in their test taking 

abilities, that their “testing routes were well-oiled”. There was a control group. The results show 

that for both the intervention and control group, the worry element of test anxiety reduced and 

self-efficacy in test taking increased at the post-test stage. The intervention increased feelings of 

test taking self-efficacy significantly for students who are high in test anxiety when measured 

with the Little Self-efficacy in Test Taking subscale.  
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1. Introduction 

1.1 Can Retrieval Practice of The Testing Effect Increase Self-efficacy in Tests and 
Reduce Test Anxiety, in 10-to 11- Year-olds?  

Taking tests is an integral part of life. An individual’s ability is often measured 

through tests. The peak of test taking occurs during most school and university years. The 

problem is that taking tests can be a terrifying and debilitating experience for some 

individuals and can lead to poor performance in these situations.  

As a teacher and headteacher (principal), I have witnessed the anxiety that can be 

generated by having to take high stakes’ tests in students and parents. By high stakes’ tests, I 

mean tests that have an important outcome. In this study, the high stakes’ tests are taken by 

Year 6 to determine entrance to a chosen senior school and possible scholarship awards. In 

addition, some students took Key Stage 2, SATs (Statutory Assessment Tests), the results of 

which are often used to predict G.C.S.E. (General Certificate of Secondary Education) 

grades, five years later in Year 11 (15-to16-year-olds). 

As a headteacher, in the independent (private) sector of education, I have sent 

messages home and delivered talks to parents about the need for a calm approach at these 

evaluative pinch-points of the year. In my capacity as Head of a Prep school (private school 

for 3- to 11-year-olds in England), I explained to parents, ahead of high stakes’ tests, that if 

they, as parents, become tense and stressed about important evaluative situations, then it may 

increase anxiety about taking the test for their children.  

I have seen how anxiety about upcoming high stakes’ tests can go viral, spreading 

rapidly amongst peers (and some parents) using various social media. I wanted to change 

students’ perception about taking tests so that they felt more confident in their test taking 

abilities in evaluative situations and encourage positive comments and feelings rather than 

negative ones. Taking tests seems to be a feature of everyday life, especially while doing 

formal education or training.  

I started this research project because I wanted to improve children’s experience of 

taking tests. I spent my holidays reading about the brain and how learning happens. I became 

very interested in how memory works and the impact of retrieval practice. I did not know at 

the time of starting my research how important the subject of retrieval practice, the testing 

effect was to become nationally to educators. I did know that there was very little knowledge 

about retrieval practice with primary school students.  
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The Initial Teacher Training core framework in the U.K. has just included retrieval 

practice in one of its teaching standards. From September 2020, trainee teachers will be 

expected to use retrieval practice in their classroom to qualify as teachers. I welcome the 

addition as I have long been aware of the benefits of retrieval practice for children (and 

teachers). This study is about retrieval practice with 10-to 11- year-olds in relation to test 

anxiety and is breaking new ground on many levels with its focus on this age-group and use 

of retrieval practice working in a hybrid way as a pastoral and academic intervention in test 

anxiety. This is an important study, as the benefits of retrieval practice have now been 

recognized nationally with its inclusion into the Initial Teacher Training core framework, but 

the evidence to draw upon is limited. Thus, this study can contribute towards the evidence 

base that is needed for primary school teachers.  

Furthermore, retrieval practice is used in the intervention of this study to address the 

problem of test anxiety to give students a coping strategy when taking tests and is not focused 

on the academic subject content recall that is the focus of most retrieval practice studies, 

although practice tests were happening simultaneously.  

Currently, in England, we have high stakes SATs (Statutory Assessment Tests) in 

state primary schools for Year 2 (6- to 7-year-olds) and Year 6. For Year 6 students, (10- 

to11-year-olds), another type of high stakes’ test is the ‘eleven plus’ exam. The ‘eleven plus’ 

exams determine acceptance into the U.K. grammar schools’ system. This is a state system 

that operates in some areas of the U.K. and entrance to these highly sought after schools is 

determined purely from the scores of the ‘eleven plus’, exam.  

In the independent (private) sector of English education, there are many scholarships 

available for various students, including Year 6. Most of these scholarships rely on scores 

from independently set, independent (private) school exams and can cover up to 50% of 

school fees (tuition). They can also determine which independent, senior school (also called 

secondary school, 11-to 18-year-olds) one is accepted at. All these high stakes’ tests can be 

nerve-wracking experiences for some students. 

I am motivated to make a positive difference for students by trying to increase 

feelings of self-efficacy in taking tests and thus reducing the worry or cognitive aspect of test 

anxiety. Given that testing is a regular feature of school life, it is important to prepare 

students specifically for these evaluative situations. Preparation for tests is usually done 

through taking practice tests. However, knowing why practice testing works seems to be the 
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missing piece of the testing puzzle for classroom teaching. From my experience, it is 

important for students to understand how and why testing works. 

 I developed this project because it is my expectation that if students learn about the 

testing effect, and are able to remember its benefits, then they will feel more confident and 

self-efficacious when taking tests. My goal was to create an intervention that is easily 

administered by a classroom teacher in a short, weekly session over a period of six weeks to 

teach the idea about the testing effect to Year 6 students (10-to 11-year-olds). I selected this 

age-group because of the high stakes’ tests that occur during Year 6.  

As an experienced teacher, I know that relating student learning to context is always 

essential. If a student can understand ‘why’ they are learning a particular ‘thing’ and can 

understand the relevance to them, then, usually, they are more motivated to learn it. (e.g., 

Zepeda et al., 2020). When students understand how their knowledge of a particular strategy, 

in this case, how the testing effect works, they can link the strategy to the evaluative situation 

and the educator is in a position of having provided high control (Putwain & Aveyard, 2018) 

so that, in this case, the students can draw upon positive self-beliefs.  

In essence, the design of this thesis draws upon of three different theoretical fields: 

the cognitive theory of the testing effect, (e.g., Bjork, 1975; Roediger & Karpicke, 2006b), 

self-efficacy theory (e.g., Bandura, 1997) and test anxiety theory (e.g., Zeidner,1998). The 

literature from these three fields is more extensive than I have space within this thesis. As 

such, I have focused my literature review on the key aspects of these three areas that I found 

essential for this study, rather than a full overview of each field.  

My study is based on the principles of a design experiment and compares students 

who completed an intervention that uses retrieval practice to teach the testing effect to other 

students in a control group that continued their normal classroom activities. I compared these 

groups on two core aspects: feelings of worry or cognitive test anxiety and feelings of test 

taking self-efficacy. To measure feelings of test anxiety, I used an adapted version of the 

Children’s Test Anxiety Scale, thoughts’ subscale (Wren & Benson, 2004), to focus on the 

concept of worry because worry is viewed as the cognitive element of test anxiety. To 

measure feelings of test taking self-efficacy, I developed a new questionnaire because none 

were available for this age-group.  
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To my knowledge, this type of intervention and these measures have not been 

researched before and with this age-group. Taking this research approach produced four main 

research questions: 

Research Question 1: Does the intervention that uses retrieval practice to teach 

the testing effect reduce feelings of worry in 10-to11-year-olds? 

Research Question 2a: Does the intervention increase feelings of self-efficacy in 

test taking in 10-to-11-year-olds? 

Research Question 2b: What do self-efficacy in test taking sum scores tell us 

  about individual test anxiety? 

Research Question 3: Do feelings of worry predict how well student self-efficacy 

changes in the intervention group? 

A further two questions were added as a result of thinking and life circumstances that 

occurred during the EdD process. Firstly, I questioned the fidelity of the experiment in my 

role as a researcher and potential bias and as a result, I conducted a comparative analysis 

about a reduction of feelings of the worry element of test anxiety between the groups, where I 

administered the intervention, and other, similar groups, where the intervention was 

administered by teachers. The has resulted in Research Question 4. Secondly, as some of the 

data in the control group had to be collected using online high stakes’ tests, as a result of the 

pandemic, I include a comparison of the worry element of test anxiety in relation to whether 

the students took high stakes’ tests online or the more traditional paper tests.  

Research Question 4: Is there a significant difference between the groups in the 

intervention group where the researcher delivered the intervention? 

Research Question 5: The Covid SARS COV 2 Question. Is There a Difference in 

Feelings of Test Anxiety Between Students Who Sit High Stakes’ Paper 

Tests or Online Tests?  

A small amount of feedback was collected in the form of teacher comments about the 

intervention and teacher notes from pupil conversations after the post-test questionnaires. 

(see Appendix D)  

1.2 Overview of the Thesis 

This thesis explores using retrieval practice of the testing effect in an intervention to 

increase self-efficacy in test taking and reduce the cognitive or worry element of test anxiety. 
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Other desirable difficulties (Bjork & Bjork, 2011) such as spacing and interleaving are 

introduced in the intervention and may be a form of differentiation by allowing different 

learners to access further knowledge about how learning can work. (see comments in Chapter 

10) However, the main message to the 10-to 11-year-olds in the intervention is about the 

power of “study, test, test, test” (Roediger & Karpicke, 2006b) and as such, the literature 

review begins with the testing effect. 

Problems with students monitoring their learning effectively and the importance of 

being able to monitor studies well are ideas that are inextricably linked to the creation of a 

successful intervention in this study. Therefore, judgements of learning (Bjork et al., 2013) 

effortful learning and error in learning are considered, to give the reader the insights into the 

importance of teaching students about the testing effect. In this study, the saying ‘Your 

testing routes are well-oiled’ is the catchphrase used in the intervention and encapsulates the 

idea of retrieval practice being a memory modifier (Bjork, 1975). 

Test anxiety theory and self-efficacy theory are discussed as they are the other two 

key theories that are foundational to this study. Test anxiety theory is explored to find out 

about the test anxiety construct. It was important for me to understand how test anxiety works 

so that I could design an optimal intervention using the testing effect. I review some of the 

different models and explore the most relevant measure to this study. Interventions for test 

anxiety are reviewed. This study focusses on the worry or cognitive element of test anxiety 

(Liebert & Morris, 1967). 

Self-efficacy sits under the umbrella of social cognitive theory (Bandura, 1997) and is 

explored in context to the intervention and the creation of a new instrument, Self-efficacy in 

Test Taking. Self-efficacy can be found in the self-knowledge beliefs strand of the S-REF 

(Self-referent executive function) model of test anxiety (Zeidner & Matthews, 2005).  

The intervention in this study has been designed to try and increase cognitive control 

using self-efficacy in test taking beliefs to manage self-knowledge beliefs more effectively to 

try and reduce the worry, or cognitive element of test anxiety. 
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Figure 1.1 

The Thinking and Design Behind this Experiment 

 

 

Following the literature review, there are four main research questions that answer the 

question ‘Can Retrieval Practice of the Testing Effect Increase Feelings of Self-efficacy and 

Reduce Test Anxiety in 10-to11-year-olds?’ These are followed by Research Question 4 

Research Question 5. The pilot study is included, and lessons learned from this trial shape the 

main study. The method chapter for the main study has an increased sample size for 

measuring a reduction in test anxiety (N = 170) and includes a control group. The measure is 

different in that only the thoughts’ subscale, in the form of an Adapted Thoughts’ subscale 

from the Children’s Test Anxiety Scale to measure the worry component of test anxiety is 

used. I also created a new instrument to measure Self-efficacy in Test Taking (N = 145) 

Preliminary Analyses (I, II) detail my decision making in reducing the data for the 

main analysis. Preliminary Analysis I is about the Children’s Test Anxiety Scale and the 

decision I made to break with convention by exploring and confirming factors in a known 

measure. Preliminary Analysis II details the exploratory and confirmatory factor analyses to 
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identify the subscales for the new Self-efficacy in Test Taking Instrument. Preliminary 

Analyses III examines any further assumptions prior to answering the research questions. 

Throughout the preliminary analyses, I try to explain the rationale behind decisions that have 

been taken. The Results chapter provides the reader with the answers to the research 

questions. The thesis ends with an interpretation of the results, details the limitations of the 

study and reflects upon the implications for schools. Possible future research and school 

reforms are also considered. 

This study is innovative and makes some original contributions to the fields of the 

cognitive theory of the testing effect, test anxiety and self-efficacy. An Adapted Thoughts’ 

subscale was created to measure the worry element of test anxiety for this data. An 

innovative intervention used retrieval practice of the testing effect to try to create feelings of 

self-efficacy in testing in 10-to11-year-olds. A new measure for Self-efficacy in Test Taking 

was created to measure the impact of the intervention on feelings of self-efficacy in taking 

tests.  

This study is the result of combining my roles as headteacher and researcher to try 

and improve outcomes for students. My voice as a teacher and headteacher (principal) is 

evident throughout this thesis, as this work is the result of a passionate educator who wants 

the very best for students and has seen, first-hand the anxiety that some students feel, about 

taking tests.  
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2. Literature Review 

In this literature review, I consider three theoretical fields that are the foundations of 

this study: the testing effect, (e.g., Roediger & Karpicke, 2006b); test anxiety (e.g., Zeidner, 

1998) and self-efficacy (Bandura, 1997). I have experimented with the idea that these three 

theories can work reciprocally to reduce cognitive test anxiety in 10-to11- year-olds.  

Most of the literature about the testing effect and test anxiety is from research with 

older students and I have had to draw on this research extensively in the absence of age 

relevant research. I will highlight where there is age relevant research to use. 

I am particularly interested in the idea of perceived control, the degree of certainty a 

student has about how to achieve well and avoid bad results (Putwain & Aveyard, 2018) and 

uncertain control, one of the self-beliefs that contributes towards perceiving high stakes’ tests 

as threatening (Putwain & Pescod, 2018) for students, in evaluative situations. Perceived 

control means that a student understands that their action and efforts can affect academic 

outcomes (Putwain & Aveyard, 2018) and uncertain control means that a student cannot 

relate their actions and efforts to academic outcomes (Putwain & Pescod, 2018). Putwain 

(2018) suggests that perceived control and uncertain control form part of the self-beliefs’ 

knowledge strand of the S-REF (Self-referent executive function) model of test anxiety 

(Zeidner & Matthews, 2005). 

My aim is that the intervention in this study that uses the testing effect to teach the 

testing effect will reduce the worry element of test anxiety by increasing feelings of self-

efficacy in test taking in 10-to 11-year-olds and that in doing so, I provide some much needed 

research for this age-group into test anxiety and retrieval practice. (Barsham & Ellefson, 

2020) It is important to note at the outset of this thesis that there is a “pressing need” for an 

intervention for test anxiety with this age-group. (Putwain, 2020, p.6) 

2.1 The Desirable Difficulty of the Testing Effect 

The testing effect or repeated retrieval practice is a robust strategy for enhancing later 

retention of information to be recalled from long term memory (e.g., Bjork, 1975; Karpicke 

& Roediger, 2008; Roediger & Karpicke; 2006a, 2006b). The spacing of testing of learning is 

known as the testing effect (e.g., Roediger & Karpicke, 2006b). Retrieval or the generation 

effect (Bjork, 1975) is the process of trying to remember what has been learned and recalling 

the learning. The two terms: retrieval practice and the testing effect are used to mean the 

same in this study: the benefits of retrieval practice.  
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Recently, Yang, Luo et al. (2021) conducted a meta-analysis of 222 papers about the 

testing effect to check for its robustness outside of the laboratory. This study is important to 

me as my study was conducted in primary classrooms. They suggest that testing gives a 

variety of benefits for learning for males and females even though these benefits may not be 

fully understood by students, educators and policy writers. A positive effect for learning was 

recorded in 82.9% of the studies surveyed and importantly worked at all levels of education 

including elementary school or primary school in the U.K. 

The testing effect has been tested with various types of learning, for example: prose 

passages (Roediger & Karpicke, 2006b), lists of words (Karpicke et al., 2016), foreign 

language vocabulary words (Karpicke & Roediger, 2008) and can work in a backwards 

(consolidation of studied information) and forwards (learning of new information) way 

(Yang, Luo et al., 2021). Retrieval practice may be especially effective for students, who 

have low working memory (Agarwal et al., 2017; Yang, Luo et al., 2021). For a teacher, this 

finding suggests that using the testing effect is inclusive practice for students with low 

working memory.  

In this study, retrieval practice is not used for subject content recall such as 

vocabulary or prose passages. It is used differently, to recall a learning strategy. The principle 

of retrieval practice is integral to my study in two ways: 1. It is used as a learning strategy in 

the intervention. 2. The testing effect is the ‘subject content’ in this study. 

To teach the students about the testing effect, I used some of the research papers 

mentioned above and tried to recreate the ideas in Year 6 (10-to11- year-olds) friendly 

language. (see Appendix B). The idea of study, test, test, test being more effective than study, 

test, study, test, study test, or study, study, study, test (Roediger & Karpicke, 2006b) was 

promoted in the intervention and understood by the majority of students, who received the 

intervention (see Discussion and Appendix D).  

As a teacher, I think one possible reason is because of the repetition used in these 

phrases; they are short, catchy and memorable. Students will often stop me in the corridor 

and say ‘study, test, test, test, Mrs. Barsham’ and my own daughters groan every time they 

hear the phrase! In my roles as a teacher and headteacher, I have used the phrase study, test, 

test, test like a mantra, in conversation, in assemblies, student mentoring sessions and in staff 

training.  
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Roediger, Agarwal et al. (2010, 2011) and Agarwal et al. (2010) suggest that, 

although it may seem counterintuitive to educators, education in school benefits from 

additional testing. This situation is because tests or quizzes, essays, exercises, and effortful 

retrieval of information are powerful mnemonic devices. Kornell and Bjork (2007) state that 

relatively few students viewed testing as a learning event with most students viewing testing 

as a type of monitoring of what is known. This knowledge ties in with the ideas and 

principles behind students and their often, incorrect judgements of learning. Students believe 

blocked practice (or repeated study) is better for learning than testing (e.g., Bjork et al., 2013) 

and students often use suboptimal learning strategies (e.g., Dirkx et al., 2019) 

As a teacher, I think that there is a real need to educate students and teachers about 

the role of testing and to try and move away from the common perception that many students 

(and teachers) have, which is that a test comes at the end of a few weeks of learning, is 

graded by a teacher and that the results may go towards or be an overall grade or mark of 

achievement. As Yang, Luo et al. (2021, p.1) propose testing is not only an assessment of 

learning but also an assessment for learning”.  

It may be that this change in how tests are perceived is happening in classrooms now, 

as retrieval practice was included into the Initial Teacher Training Core Framework for the 

first time in the U.K in 2020. (see Discussion) 

2.1.1 Retrieval Practice with 10-to 11-year-olds 

Karpicke, Blunt and Sumeracki (2016) conducted an experiment in retrieval learning 

that was specifically directed at 10 year-olds. The results suggest that whether recall testing 

or recognition testing is used, retrieval-based learning works with this age-group. 

In another experiment, Karpicke, Blunt, Smith and Karpicke (2014) adapted a recall, 

retrieval experiment, previously used with college students, for use with fourth graders (9-

to10-year-olds) and found that the information retrieved was much less with this age-group. 

They concluded that the experiment had shown that retrieval practices had worked with the 

fourth graders but that there needed to be more scaffolding in the recall task. The students in 

my study are older than fourth graders but it is possible they may need some more 

scaffolding depending upon the individual. 

Lipowski et al. (2013) suggest that first grade students (6-to7-year-olds) can benefit 

from the testing effect. Their study was conducted with first and third grade U.S. students. In 

addition, third grade students (8-to 9-year-olds) were aware of the benefits of the testing 
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effect too. However, this view is challenged by Aslan and Bäuml (2016) who suggest that the 

testing effect does not work with younger elementary aged children but does with older 

elementary aged children. Ritchie et al. (2013) suggest that retrieval practice enabled 8-to12-

year-olds to recall more geographical facts than using mind mapping strategies.  

Agarwal et al. (2014) in a study that included 11- year-olds, reports 92% of students 

feel retrieval practice benefits learning and importantly, for my study, that 72% of students 

felt that retrieval practice helped them with test anxiety.  

The lack of research into the testing effect with primary aged children is highlighted 

by these few examples in the literature about the testing effect with this age-group and 

especially for the U.K.  

It is important, for educational and research purposes, to know that retrieval has 

worked with 10-to 11-year-olds (e.g., Aslan & Bäuml, 2016; Karpicke et al., 2014, 2016; 

Lipowski et al., 2013) but there are not enough experiments to refine and define the contexts, 

the types of students and their educational needs.  

My study may add to the literature around the use of the testing effect with U.K. 

primary aged children by using retrieval practice to reduce test anxiety and therefore 

potentially increasing well-being and academic buoyancy (e.g., Martin & Marsh, 2008) for 

this age-group. The idea of academic buoyancy is characterized by the 5C’s: composure, 

commitment, coordination, confidence and control. The intervention in this study may help in 

composure, confidence and control. Academic buoyancy and student well-being are not 

measured in this study. Worry as a cognitive element of test anxiety and self-efficacy in test 

taking are measured but a reduction in worry or cognitive test anxiety is potentially linked to 

the idea of academic buoyancy or vice versa (e.g., Putwain et al., 2016) and well-being 

(Putwain et al., 2021; Steinmeyr et al., 2016). 

2.1.1.1 Effort and Error. The idea of effortful retrieval being the key to 

remembering (Bjork, 1975) is an important one in terms of using the testing effect, 

effectively. Bjork (1994a) explains that self-testing is unappealing to many students because 

of the effort needed in comparison to re-reading but that this difficulty is beneficial for long 

term performance.  

As a teacher, I have seen students cram information and knowledge into their brains, 

in preparation for a test. The image that springs to mind is of putting on a rucksack 

(backpack) of knowledge, that is taken off, as soon as the test is over. There are two problems 
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with studying for tests in this way. Firstly, the knowledge may not be retained beyond the test 

and secondly, because the students might achieve well in the test (cramming, or blocked 

practice works in the short term), they believe they know the information and do not attempt 

to re-study or test themselves on it again. This situation is called retrieval fluency. (Bjork et 

al., 2013) 

In a testing situation, the idea of retrieval fluency manifests in learning content and 

then being tested directly afterwards and being able to recall the content effectively (Bjork et 

al., 2013). A student thinks they know the content, they achieved good or full marks. This 

will happen because the content is still in the short-term memory and is easily accessible. The 

problem occurs if you are tested on this information a week later and, in most cases, cannot 

recall the content at the same level as the test that took place immediately after the learning. 

Students may have a misconception of confidence in their ability. One way to manage this 

situation is to delay the initial retrieval of information. By delaying the first test, it makes the 

content harder to remember but more likely to be remembered or recalled a week later (e.g., 

Karpicke & Roediger, 2007a, 2007b) 

One of the most effective forms of learning is achieved by using the testing effect 

because tests create retention of information more so than repeated study and even, in 

circumstances, where there is no feedback. (e.g., Roediger & Karpicke, 2006a). It has been 

shown that incorrect retrieval of information during tests is still a positive process (e.g., 

Kornell et al., 2015). Getting the answer right in tests is not as powerful learning as using and 

practising the recall process itself (Kornell et al., 2015). The very act of trying to remember is 

increasing the encoding of information going into the memory. Once, given the answer, the 

learning becomes elaborated and therefore easier to remember, because there are more links 

or cues to the information. Consider a scenario, ‘I remember Mr. Smith leaning over my desk 

with the pencil in his mouth and telling me that answer’ or ‘I remember getting that answer 

wrong last week’. Contextual differences in inputting information into memory are what 

make us human rather than machine. (Bjork, 2014) The more cues we can attach to 

knowledge to be learned, the better the recall will be. Indeed, making mistakes and getting it 

wrong are powerful mnemonics. (e.g., Bjork & Kroll, 2015) Corrective feedback, in the guise 

of Mr. Smith and other ways, is important in using the testing effect optimally and the role of 

feedback is discussed further in section 2.1.1.4. 

The testing effect means that more learning occurs through being tested on 

information rather than studying information. It is the process of trying to remember, the 
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retrieval, that is powerful. To recall information rather than re-read or re-study information is 

harder. That is why the testing effect is a desirable difficulty. (Bjork, 1994) 

Bjork and Kroll (2015) support the idea of effortful first retrieval and the evidence 

that initial challenges in retrieval benefit later retention and transfer of learning in vocabulary 

learning. The authors suggest that there are certain difficulties that are part of the process of 

learning a language. They propose that undesirable difficulties should not be created because 

desirable, in the case of language acquisition, is about responding to the difficulties 

successfully and by engaging in the processes that support learning, comprehension and 

remembering. They suggest that errors can promote learning and retrieval attempts that are 

incorrect can improve subsequent memory of the knowledge to be learned. Bjork and Kroll 

(2015) suggest that thinking of an incorrect answer gave the best later recall of a translation. 

Generating vocabulary incorrectly (Bjork & Kroll, 2015) and incorrect retrieval (Kornell et 

al., 2015) are examples of enriching cues and elaborating memory to enhance future recall. 

Getting it wrong is powerful learning and the types of difficulties that produce optimal 

learning will be different for different people.  

As a teacher, I have always promoted making mistakes as a powerful learning event. I 

value mistakes to avoid a perfectionist culture in a school and to create resilience and 

academic buoyancy (e.g., Martin & Marsh, 2008). I have seen that perfectionism can be a 

problem for some students. As a headteacher (principal), I have led assemblies about famous 

people who made many famous mistakes and created reward systems in schools that 

celebrate making mistakes. However, some of the problems that I encountered came from the 

students being critical of themselves as a result of proximal and distal reasons such as: 

upbringing, teachers, previous school experiences, inherent characteristics and peer pressure. 

These factors can contribute to a fear of getting it wrong. In addition, the content driven 

nature of exams and performance monitoring of teachers can mean that teachers simply 

haven’t got time for children to get it wrong and to learn from their mistakes. 

 Memory works in such a way that getting the learning wrong is one of the best things 

one can do. This idea of errors and mistakes being powerful learning is an aspect of many 

schools’ development plans and I have personally promoted the idea in the schools I have 

worked in, citing the examples ‘The Paris Festival of Errors’ and San Francisco’s ‘Failcon’ 

that are mentioned in ‘Make It Stick’ (Brown et al., 2014, p.93). However, schools still have 

league tables and performance data where individual schools are ranked according to 

performance against others. High stakes’ tests that determine entrance to schools, universities 
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and sometimes school fee reductions have already been outlined as barriers to real learning, 

where making mistakes can be encouraged. The problem is that there is no time, and the 

stakes can be too high to allow for failure. Hence, cramming or blocking and regurgitating 

content for the test and forgetting it afterwards is often, necessarily, the modus operandi. 

Learning about how encoding in memory works might help persuade students about 

the power of mistakes in learning, but school cultures need to change to value this kind of 

effortful and often slower but more effective, over the long-term, desirable difficulty. If the 

emphasis could remain on all round student outcomes rather than achievement, there could be 

a reduction in the number of students, who are high in test anxiety, and an increase in the 

number of students who learn how to learn for life, valuing tests for their ability to store 

information in the long-term memory, whilst equipping themselves with self-efficacy in 

independent learning strategies, changing the perception of testing.  

As a contributor to a primer (Baker et al., 2020) for new P.G.C.E. (Post Graduate 

Certificate in Education) students at Cambridge last year, I was pleased to see that the new 

teaching standards recognize the importance of retrieval practice and also the benefits of 

making mistakes in learning.  

From the Initial Teacher Training (ITT) Core Content Framework, 2020: 

 

• Creating a positive environment, where making mistakes and learning from them and 

the need for effort and perseverance are part of the daily routine. 

• Prior knowledge plays an important role in how students learn; committing some key 

facts to their long-term memory is likely to help students learn more complex ideas. 

• An important factor in learning is memory, which can be thought of as comprising 

two elements: working memory and long-term memory. 

• Regular purposeful practice of what has previously been taught can help consolidate 

material and help students remember what they have learned. 

• Requiring pupils to retrieve information from memory and spacing practice so that 

pupils revisit ideas after a gap are also likely to strengthen recall.  

As a teacher, I know it is important to allow students to make mistakes and learn from 

them. One of the best practices I have used in the classroom, is to make mistakes in front of 

the students myself; to role model getting it wrong. I have led CPD (Continuing Professional 

Development) in many schools and when training teachers and other stakeholders, I have 
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made deliberate mistakes in spelling and used techniques such as changing fonts to vary the 

input, to create cues for remembering. Putting one’s hand up to point out a spelling mistake is 

effective learning. Many more cues for remembering are created through elaboration, rather 

than just reading the information, and are being used, as a hand is raised, and a mistake 

pointed out or a question asked.  

However, the potential irony of the situation is that if you were to place the teaching 

standards next to teacher performance expectations in terms of student achievement grades, 

and the need to cover the content heavy, subject matter of many U.K. curricula, it may be 

difficult for teachers to make the two expectations work together.  

2.1.1.1.1 An Aside About Effort. In an aside experiment, from this study, and not 

reported here due to the absence of a control group and limitations with small sample size, I 

had the opportunity to explore the theory of effortful retrieval and making mistakes with 

primary school children in the weekly spelling tests. After years of teaching English and 

spellings and children learning weekly (blocked) spellings for a weekly (blocked) test that 

still resulted in the correctly spelt spelling in the test, being spelt incorrectly in the context of 

writing in the classroom, I changed how spelling was taught in my school. I made this change 

in consultation with staff and parents.  

Parents were invited to a talk about desirable difficulties (Bjork & Bjork, 2011) and 

told that the 20 out of 20 correct spellings’ results may no longer apply. I explained that the 

learning would be “harder but stronger and last longer” (Brown et al., 2014, p. 9). Spelling 

lists for Year 1 to Year 6 were handed out, weekly as usual, but the testing interleaved the 

content. Weekly spelling tests combined different weeks’ spellings. Corrective feedback was 

always given. There wasn’t an opportunity to measure the results empirically but anecdotally, 

even repeated mistakes began to be spelt correctly after a few weeks, including a particular 

challenge for one of my students, ‘astronaught’. This new spelling system took some 

monitoring, by the teacher, of the words tested in each week and it made learning spellings 

harder. The retrieval is harder but the elaboration greater because of the opportunities to 

make mistakes and receive feedback.  

There would need to be further studies and a longitudinal evaluation to fully assess 

the effectiveness of this initiative and the impact for students who have dyslexia and other 

individual needs. Pan et al. (2021) recently published a paper asking if we still need to teach 

spelling in schools and they conclude that we should continue but that more research is 
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needed into using different strategies and known strategies with bigger sample sizes. My toe 

in the water trial at using desirable difficulties to teach spelling may evoke memories of the 

successful Speller scheme (Horn & Ashbaugh, 1920) that Pan et al. (2021) discuss for its use 

of distributed practice.  

Moreover, as a headteacher, I was committed to the process of effortful learning and 

the promotion of making mistakes. Ultimately, the learning that was happening was that it 

was all right to make mistakes and learning to spell can take time but the learning lasts for a 

lifetime rather than a test. I do acknowledge that there isn’t always time for making mistakes 

when having to deliver a content driven syllabus and I think that this issue is a barrier to real 

learning.  

Another teaching spelling experiment I trialled was called ‘Spelling Rocks’ and 

involved students finding spellings and their corresponding rules (e.g., y = ies) in a type of 

spelling treasure hunt where spellings were hidden under rocks. This lesson was popular and 

was conducted outside. This system uses the idea of places to recall content (e.g., Imundo et 

al., 2020) 

My ideas for a blog to highlight some of these problems and solutions with how 

spelling is currently taught is called ‘Taughtology; the study of teaching spelling.’ In this 

blog, I will include my ideas about changing how spelling is traditionally taught in schools 

through using desirable difficulties. The idea has been accepted by the learningscientists.org 

(http://www.learningscientists.org/). 

2.1.1.2 Optimal Testing Effect Conditions. Roediger et al. (2010) suggest that the 

act of taking three tests stopped forgetting in its tracks. Cramming or blocked practice works 

if the need to remember is for short retention intervals. The image of putting on a rucksack 

(backpack) of knowledge, using it in an exam and then taking it off has been mentioned 

previously. Effortful retrieval is crucial for the testing effect (e.g., Butler & Roediger, 2007). 

The best formula is to recall through an initial short answer quiz and not through multiple-

choice type tests. (Kang et al., 2007). However, when using pre-tests, multiple choice type 

answers may be more beneficial than pre-tests that feature cued recall. (Little & Bjork, 2016) 

 In addition, students need feedback that is corrective. (e.g., Roediger et al., 2010) The 

beneficial effect of testing can be altered if the initial test performance is low, and no 

corrective feedback is received. (Roediger et al., 2010). However, retrieval failure can 

enhance future encoding; not being able to remember or remembering incorrectly but then 
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getting corrective feedback, helps to encode the information into the memory in the long 

term. Delaying the feedback boosts final performance more so than immediate feedback, as 

long as it includes the correct information and the student understands (e.g., Metcalfe et al., 

2009) 

A key concept for the students, teachers, educators, school stakeholders to understand 

is that the timing of the first test of learning is crucial. Testing immediately after learning is 

testing the short-term memory and is not effortful. It is easy to remember the content at this 

stage. There is a real danger of retrieval fluency (Bjork et al., 2013). Learners run the risk of 

thinking they know the material because they were successful in a test straight after learning. 

The timing of the first test is key. Some forgetting of the studied material needs to have 

occurred so that the remembering is hard. (e.g., Bjork, 2011; Bjork, 2015; Bjork & Bjork, 

2019) This forgetting will increase the encoding of the learning and increase the retention of 

the learned material (e.g., Roediger & Karpicke, 2011). 

Whitten and Bjork (1977) attribute the powerful learning and retention that happens 

when an initial recall is delayed and made harder, to the memory searching through stored 

items to find links, matching cues in the semantic and acoustic memories. They conclude that 

the benefits of a hard, initial recall are twofold: firstly, searching for the information and 

finding it or being told the information afterwards, having searched, will strengthen the 

item’s encoding power. This process will make it more durable and less prone to forgetting. 

Secondly, because the retrieval is taking more time and is not immediate, its journey is more 

complex, it is slower into memory and creates a more elaborate route into the memory and 

thus, will be more recallable. The premise is that quickly attained knowledge can be forgotten 

just as quickly. The putting on and taking off, of the rucksack (backpack) of knowledge. 

Karpicke and Roediger (2007a, 2007b) support this view saying that what is important for 

long term retention is the difficulty of the first retrieval attempt and that delaying the first test 

is critical.  

The intervention in this study is not subject specific and does not test specific types or 

subject content in learning. The intervention used the general premise of retrieval practice to 

recall knowledge of what the testing effect is, itself. The intervention was delivered at a time 

when the students were taking numerous practice tests. The idea behind the intervention is 

that teaching 10-to11- year-olds about their testing routes being well-oiled (a phrase used in 

the intervention) in a quick, easy to deliver 15 to 20 minutes weekly session, over six weeks, 

would increase general feelings of self-efficacy about test taking.  
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The testing or retrieval, the recall of what could be remembered about the testing 

effect happened at weekly intervals. This schedule allowed time for forgetting about the 

testing effect and made retrieval more effortful the following week and therefore, hopefully, 

the knowledge more retainable. The principle of recall of the previous week’s learning and 

then writing about the testing effect on two different occasions, over the six weeks is an 

example of repeated retrieval practice or the testing effect. According to Karpicke and 

Roediger (2007b, p.151) “repeated retrieval during learning is the key to long-term 

retention”.  

Ideally, the optimal conditions of testing outlined above (effortful, allowing some 

forgetting, study, test, test, test, or repeated retrieval) and those conditions outlined below 

(expanded vs. equal retrieval) could be used, alongside the type of intervention in this study, 

for maximum impact in terms of knowledge acquisition of subject content and 

simultaneously by teaching how the testing effect works, creating feelings of self-efficacy in 

test taking and a reduction in test anxiety. (Barsham & Ellefson, 2020).  

2.1.1.3 Expanding Vs Equal Retrieval Practice. Roediger and Karpicke (2011) 

suggest that equal retrieval practice is better than expanding retrieval practice. In the 

expanding retrieval condition the first test occurs straightaway and that conflicts with what is 

known about the need for an effortful initial first retrieval. (Roediger & Karpicke, 2011) This 

situation is because a student can use the short-term memory to remember easily. 

Roediger and Karpicke (2011) state that equal retrieval practice is better with the 

initial tests occurring a day or more after the initial learning and this condition is called equal 

retrieval practice. What is important is the difficulty of the first attempt at retrieval. They 

report that the equal spaced condition gives superior retention two days later and that 

delaying the first test improves long term retention. They recommend an interval of two days 

between recall events. The intervention in this study used repeated recall at weekly intervals 

as this suited most school timetables and may need adapting to feature two days recall 

depending upon timetables, teaching constraints and school contexts. 

2.1.1.4 Feedback on Tests. Feedback is a priority in all aspects of education. Kornell, 

Hays and Bjork (2009) corroborated Izawa’s (1970) findings which were that tests make the 

learning more powerful when the answer is presented after a test. Izawa (1970) searched for 

the number of tests that might produce optimal acquisition of learning and the answer was 

seven. Izawa’s experiment notes the need for feedback in between testing as without 
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feedback one can keep testing up to a total of 19 times and neither learning nor forgetting 

occurs. Izawa’s experiments showed that where testing answers are wrong and feedback is 

provided, the encoding of the learning is powerful to the extent that as much learning 

happens as when tests and study opportunities are interleaved.  

Marsh, Agarwal and Roediger (2009) suggest that it is critical that feedback is 

provided under conditions in which it can be carefully processed. Roediger, Agarwal et al. 

(2010) refer to the direct benefit of testing material for powerful retention in memory and that 

providing feedback of the correct answers improves the testing effect. They comment that 

this feedback is very important when initial test performance is low. In addition, they suggest 

that multiple tests produce a larger testing effect and short answers, or essay tests produce a 

better testing effect than multiple choice or true /false options. Yang, Luo et al. (2021) meta-

analyses of the testing effect found that corrective feedback gave more re-exposure to the 

learned material resulting in larger gains in learning. Butler et al. (2008) and Roediger and 

Marsh (2005) suggest that if students make errors on the initial tests and do not receive 

corrective feedback, then they can retain those errors on later tests. Delaying feedback often 

promotes better long-term retention. (e.g., Butler et al., 2008) 

In this study, the feedback was not corrective on subject material, but it did happen on 

a weekly basis. Informal teacher and student conversations checked the understanding of 

desirable difficulties and especially the testing effect. The worksheets in the intervention 

ensured that the Year 6 teacher could quickly see what the students had understood. There 

was no formal requirement for the students to complete these weekly homework sheets, but 

some students did. These sheets alongside student thoughts were discussed briefly the 

following week, in class, and ideas added to or clarified. (see Appendix B). 

2.1.2 Desirable Difficulties 

In this section, I consider some of the literature around desirable difficulties (Bjork & 

Bjork, 2011). The purpose of reviewing this literature is to provide further understanding 

about how memory works. These ideas are important to understand when designing a new 

intervention that uses cognitive theory of retrieval practice, as its mechanism. This section 

helps to understand the issues around memory that led to the design of the intervention in this 

study that is aimed at increasing feelings of self-efficacy in taking tests, to reduce test anxiety 

in 10-to 11- year-olds.  
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Bjork and Bjork’s (2011) desirable difficulties are changes in the learning context that 

create challenges for the learner but enhance long-term retention of the knowledge. The 

processes: varying the conditions of practice, for example the room used for studying (e.g., 

Bjork, 2011; Imundo et al., 2020; Smith, Glenberg & Bjork, 1978), spacing study or practice 

(tests), interleaving and not blocking and generating information retrieval, the testing effect 

are designed to improve encoding of information going into the memory, thus improving the 

retention of that information (e.g., Bjork, 2011). The more elaborate the encoding of 

information as it goes into the memory, the longer the knowledge will last (Bjork, 1975).  

The desirable difficulties (Bjork & Bjork, 2011) have been examined by many 

experiments over the years and the results testify to the benefits of these processes to learning 

(e.g., Karpicke & Roediger, 2008). Bjork and Bjork (2011) credit spacing as having a great 

and significant impact on learning. Dunlosky et al. (2013) conducted a comprehensive survey 

on the effectiveness of ten different learning techniques. Typically observed student 

techniques such as re-reading, highlighting, keyword mnemonics, summarization and 

imagery use for text learning were found to have low utility whereas retrieval practice or 

testing and distributed (spaced) practice were found to have high utility. Interleaved practice 

had moderate utility in the research.  

Information that is retrieved from memory becomes more recallable in the future, than 

it would have been, had it not been retrieved (Bjork, 1975). This idea is behind the 

intervention in this study when the students are told ‘your testing routes are well-oiled’. This 

phrase or saying explains, in simple terms, the retrieval process and was used by teachers to 

try and instil a sense of self-belief, self-efficacy in taking tests in the 10-to 11-year-olds, who 

were involved in this experiment.  

To my knowledge, this study is the first of its kind to use retrieval practice of the 

testing effect to try and create self-efficacy in test taking to try and reduce test anxiety with 

10-to11- year-olds. (Barsham & Ellefson, 2020). At this age and stage in the U.K. 

educational system, the 10-to11- year-olds can sit tests in many subjects depending on the 

nature of the high stakes’ tests and thus need test taking strategies, that can be transferred 

across different subject papers thus hopefully utilizing a perquisite of the testing effect that is 

transference of learning (e.g., Carpenter and deLosh, 2006; Carpenter, 2012; Kornell et al., 

2009; McDaniel et al., 2013; Metcalfe, 2017; Pan & Rickard, 2018; Pyc & Rawson, 2010; 

Rickard & Pan, 2017) The intervention was applied universally and did not focus on a 

specific subject or type of learning, just on the testing process itself. The intervention focused 
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primarily on the testing effect. The other desirable difficulties were introduced in Week Two 

for extra information. The intervention is discussed in detail in Chapter 3 and evaluated in 

Chapter 10.  

2.1.2.1 Judgements of Learning. A common problem that undermines the 

suggestions for improving long term retention of learning, is that many students are not able 

to judge their own learning (Bjork et al., 2013). Bjork et al. (2013) posit that learners’ 

metacognition is unsuccessful in mirroring the benefits that successful retrieval gives to long-

term retention. Karpicke, Butler and Roediger (2009) suggest that few students use self - 

testing to support their memories’ performances. The perception in schools and colleges has 

historically been that testing is a means of assessing knowledge rather than learning (e.g., 

Bjork et al., 2013; Yang, Luo et al., 2021).  

The lack of realistic understanding that students have about their own learning is 

discussed by Roediger and Karpicke (2006b) in an experiment about the meta-memory of 

prose passages. They found students’ JOLs (judgements of learning) stated that repeated 

study was a better condition than repeated testing. Karpicke and Roediger (2008) report that 

students have no awareness of the mnemonic effects of learning. Bjork and Bjork (2019) 

discuss the benefits of interleaving over blocking or massed practice for perceptual motor 

skills (such as learning different baseball strokes), verbal-conceptual procedural skills 

(learning algebra) and the long-term retention of knowledge and transfer skills. The benefits 

of interleaving were evident in all types of learning. However, the students in this experiment 

did not believe in these benefits. They discuss how to get students to believe in interleaving. 

Despite being told that interleaving worked best and why it worked best, two thirds of the 

sample said they would still use a blocked method of teaching, if they were responsible for 

teaching that content.  

Lipowski et al. (2013) suggest that third grade students (9-to 10-year-olds) were able 

to understand the benefits of the testing effect. My experiences as a researcher and as teacher 

in this study would confirm that the upper primary or elementary age-group understand the 

testing effect. (see Appendix D) It is possible that a younger age-group can understand 

aspects of cognitive theory such as the testing effect more readily than older students because 

they have used retrieval practice recently in classrooms and / or because they are not yet set 

in study habits such as blocked or massed practice. Moreover, it is possible that the 

educational climate is changing.  
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2.1.2.2 Blocking. The problem is that learners believe and feel blocking is better 

learning. Yan, Bjork & Bjork (2016) found that learners fail to appreciate three main things: 

the benefits of testing for learning, that making mistakes is good for learning, and spacing 

rather than massing practice or study leads to better long-term retention. Learners prefer non-

optimal conditions for learning. Yan et al. (2016) investigated this problem further. They 

used a similar experiment to Kornell and Bjork (2008) that concluded that interleaving 

benefits are robust and effect size is large for benefiting inductive learning. The learners in 

Kornell and Bjork (2008) also reported that blocking not interleaving helped them learn 

better. 

Yan et al. (2016), in a similar way to Bjork and Bjork (2019), attempted to mend the 

illusion that blocking is more effective for learning and this task was difficult. Although 

participants were informed about the theory of interleaving as opposed to blocking, this 

knowledge did not alter their preference. Yan et al. (2016), were interested in why this 

immoveable belief exists and concluded that it is largely a result of conditioning. Learners 

have been taught to believe that blocking is better and because it feels easier, blocking must 

be better.  

In many cases, there may be students, who simply don’t know how to learn in an 

optimal way. McNamara (2010) suggests this problem is a result of educational systems that 

are focused on delivering content but not how the content can be learned. This view is 

endorsed by Hattie and Yates (2014, p. 162) who call it a paradox that teachers expect 

students to remember accurately and note that there is little instruction about how to 

remember. However, it may be that the educational climate is changing. (see Discussion) 

As a headteacher and senior leader in all through schools, I witnessed first-hand how 

colleagues struggled and continue to struggle to cover the content of the G.C.S.E.’s (General 

Certificate in Education) that were introduced in 2017. Indeed, many schools now start 

G.C.S.E.’s (General Certificate in Education) in Year 9 (13-to14- year-olds) so that they can 

cover the content over three years instead of two. As a headteacher, teacher (and mum) it 

concerns me that real learning techniques and a love of learning for life are being sacrificed 

because of the amount of content that has to be covered for a high stakes’ test, that for many 

students becomes ten lots of blocked practice: a means to an end. The students need to get the 

grades to determine their sixth form studies (16-to 18- years-old). Most of the knowledge is 

not revisited afterwards unless further exams are taken in that subject. It is the G.C.S.E. 
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(General Certificate in Education) results that determine the ‘A’ level (Advanced General 

Certificate in Education) options or further education courses at 15-to 16- years-old. 

As an educator of 24 years, I know that in many educational contexts in both primary 

(particularly upper primary as preparation for secondary education) and secondary phases of 

education, that the subjects studied are blocked. Many educational resources such as 

textbooks are compiled in a blocked way as are many examination syllabi. These exam 

syllabi and subsequent, necessary timetabling blocks (‘blocks’ are what the subject groupings 

in timetables are sometimes called in the U.K.) may contribute to blocked or massed learning 

techniques. However, increased use of retrieval practice and its recent inclusion into the 

Initial Teacher Training Core Framework (2020) may be changing the educational climate, 

especially at the upper primary level (see Discussion). 

2.1.2.3 Retrieval Fluency. Another hindrance to judging learning effectively is 

discussed by Bjork et al. (2013) in the idea of retrieval fluency. This term means that the 

students believe they know the content because it is easily recallable. For example, reading a 

passage and then being tested on the material, immediately afterwards, will produce easy and 

non- effortful retrieval, that will make the student believe they know the material. Effortful 

retrieval is necessary and comes from delaying the initial recall of knowledge. (e.g., Roediger 

& Karpicke, 2011) 

2.1.3 Possible Solutions for Improving Students’ Metacognition 

According to Kornell and Bjork (2009), there are two aspects to successful 

metacognition. Firstly, individuals need to know how memory works and secondly 

individuals need to have the ability to monitor one’s own memory.  

Koriat and Bjork (2006) found two procedures that helped to mend metacognitive 

thinking. Firstly, leading learners to use theory-based debiasing and secondly making learners 

aware of mnemonic cues around the ease of retrieval. These procedures provide people with 

valid knowledge of the cognitive system and encourage them to apply that knowledge in 

forming metacognitive learning strategies. 

A test anxious student might become less test anxious if they are accurately and well 

informed about their learning journey. This knowledge could alleviate test anxiety. Knowing 

about how learning works and using this knowledge as a coping strategy to manage test 

anxiety, is the premise of the intervention in this study. 
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The ability to monitor learning accurately and to notice differences in the acquisition 

of learning and in testing and later testing is not an easy process. Monitoring of learning 

needs to be tracked and analysed and acted upon by students and teachers. Students need 

support in this process which is probably more important than many other educational 

processes (e.g., Bjork et al., 2013; Hattie & Yates, 2014). Bjork et al. (2013) refer to the issue 

of students rarely being tested on how they learn to learn. As an experienced educator, I 

would suggest that historically (presently?) students have not been taught how to learn or 

have been taught incorrectly. The intervention in this study does test students on how they 

learn for tests and teaches them that tests are learning events in themselves. 

For a student, who is anxious about tests, to have a record of their learning during the 

learning process could feel very supportive and this self-knowledge could potentially be very 

empowering. A counter-theory is that for students, who are high in test anxiety, even the 

process of knowing they are studying for a test, the process of learning to learn for a test, can 

cause anxiety (e.g., Zeidner, 2014). However, in my opinion, if learning about how memory 

works was embedded in the curriculum, this may alleviate this problem for students who are 

high in test anxiety as it would become normal practice to monitor their knowledge and not 

learning associated with taking tests.  

Pan and Bjork (in press) suggest that knowing how to learn is a critical survival tool. 

Bjork et al. (2013) regard metacognition as the ultimate survival tool. One problem is that 

unless the test has been taken after some forgetting has happened, the perception of 

knowledge may be subject to retrieval fluency (Bjork et al., 2013).  

Agarwal et al. (2008) in their study about the testing effect with open and closed book 

testing, suggest that students failed to predict the effectiveness of testing relative to studying. 

However, Agarwal et al. (2014) suggest that 92% of middle and high school students felt that 

retrieval practice helped their learning and 72% said that retrieval practice made them less 

anxious about tests. Perhaps, this difference over time, reflects the way that classroom 

cultures are changing.  

Learning about learning is a skill that can be taught (Pan & Bjork, in press). It is this 

idea that is at the heart of this study’s intervention, because students were taught about how 

the testing effect works to give them the knowledge that their “testing routes had been well-

oiled” prior to high stakes’ tests. Knowing that the testing effect is a cognitive process that 
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promotes effective learning and retention of knowledge, has important implications for 

educational practice. (see Chapter 9, Discussion and Chapter 10, Reflections) 

Tullis et al. (2012) recognise the importance of students having knowledge of the 

testing effect. Tullis et al. (2012) suggest that, with support, learners’ knowledge of the 

testing effect can be improved. The students in my study were supported in learning about the 

testing effect. Moreover, for students, who are test anxious, this control over the learning 

could give feelings of self-mastery and self-efficacy. 

As a headteacher and teacher, I think students should be taught the following key 

aspects about how to manage their learning: how memory works and specifically, the 

activities that help store knowledge in the memory, in other words retrieval practice and that 

retrieving information from memory is a memory modifier (Bjork, 1975); the role encoding 

plays in retrieval practice. (Bjork et al., 2013) and the learning biases of hindsight, foresight, 

and stability bias.  

Hindsight bias (Fischoff, 1981) is when we think we knew the information all along 

and this misconception can then affect what we study or learn for an exam. Foresight bias 

(Koriat & Bjork, 2006) is when easy recall of information, straight after reading a text, does 

not mean the information is learned but the learner thinks they will be able to reproduce this 

information again easily. Stability bias, (Kornell & Bjork, 2009) is where students believe 

their memories will not change in the future and assume that what they know now, they will 

always know and be able to recall. Memory does not work in this way. 

Knowledge is not stored like a tape that can be played at will but needs constant 

elaboration, association, cue recall and relating to previous information (Bjork, 1975). It is 

my opinion, as a teacher and educator, that the knowledge of these key aspects about how 

memory works and biases could transform what is learned in schools and the way it is 

learned. 

DeWhinstanley and Bjork (2004) discovered that when learners recognise the benefits 

that testing provides, they may naturally engage in better encoding and processing strategies 

for studying items, during subsequent lists, to boost memory performance. Recognising the 

benefits that testing provides could increase confidence, self-efficacy in test-taking, exam 

performance and ultimately, perhaps feelings of well-being. I have measured self-efficacy in 

test taking and worry in this study but not performance or well-being.  
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To address these misconceptions about learning, it is important to teach students to 

monitor their learning accurately. An accurate appraisal of the learning process might give 

mastery of one’s own learning and a key tenet of self -efficacy is mastery (Bandura, 1997). 

This strategy could be a key for a student, who has high levels of test anxiety. Learning about 

the testing effect, may lead to self-efficacy in test taking and a reduction in the worry or 

cognitive element of test anxiety.  

2.1.3.3. Difficulties with Desirable Difficulties. The process of retrieval itself can 

affect other, to be retained, knowledge, in a process called retrieval induced forgetting 

(Anderson, Bjork & Bjork, 1994). In retrieval induced forgetting, learning that is processed 

with similar cues to the learning that needs to be retained, can be forgotten in the process of 

retrieval.  

Forgetting information increases eventual storage strength and can benefit learning 

(Bjork & Bjork, 1992). Forgetting is the inability to retrieve information at the time that it is 

needed but it is not an irrevocable loss from long term memory. It is a loss of retrieval 

strength but not storage strength. This idea is explored more fully in Appendix C dedicated to 

the ‘New Theory of Disuse’ (Bjork & Bjork, 1992), and how to approach teaching this theory 

for possible use in an intervention or as part of a curriculum is suggested. 

2.1.4 The Testing Effect and Test Anxiety 

This section is brief because the literature is limited and especially relating to 10-to 

11-year-olds. To my knowledge there is only one study that has considered the use of 

retrieval practice as a strategy to reduce test anxiety for this age-group. 

Agarwal et al. (2014) surveyed 1408 U.S. middle and high school students (11-to15-

year-olds) and the results suggest that 72% of middle and high school students felt that 

retrieval practice helped them in exams. They suggest classroom teachers should adopt 

retrieval practice to manage test anxiety.  

This research by Agarwal et al. (2014) has been featured on the Effortful Educator 

blog (https://theeffortfuleducator.com/2019/05/14/retrieval-practices-impact-on-test-anxiety-

and-stress/). Although, retrieval practice is now included in the Initial Teacher Training Core 

Framework (2020) and on websites such as Learning Scientists.Org 

(https://www.learningscientists.org/) and Agarwal’s retrievalpractice.org 

(https://www.retrievalpractice.org), there is very limited literature about the links between 
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using retrieval practice and its role in reducing test anxiety other than Agarwal et al. (2014) 

and the related blog from the Effortful Educator (2019).  

Another study that has explored the relationship between test anxiety and the testing 

effect is Yang, Bukuan et al. (2020). However, the study is with university aged students and 

engages low stakes rather than high stakes’ tests. The results suggest that the testing effect is 

an effective technique to enhance learning for individuals with different levels of working 

memory capacity and therefore supports the findings in Agarwal et al. (2017). In addition, 

Yang, Bukuan et al. (2020) suggest that frequent tests have minimal influence on test anxiety 

and is therefore a different result to Agarwal et al. (2014) where the authors found that 72% 

of middle and high school students felt that retrieval practice helped them with tests. The 

students were younger in Agarwal et al. (2014).  

A quick Google search in March 2021 for ‘the testing effect in elementary or primary 

classrooms’ produced some research papers about retrieval practice. However, it is 

interesting that after a handful of papers the entries move quickly into the stresses related to 

testing. Yet, to my knowledge, there is only one research paper that has looked at Year 6 (and 

then only as part of a much larger sample) and using retrieval practice to reduce test anxiety 

(Agarwal et al., 2014) until now (Barsham & Ellefson, 2020). 

 My study takes the idea of using retrieval practice for reducing test anxiety into the 

realms of the pastoral as well as an academic curriculum in school. Teaching the testing 

effect using the testing effect at a time when students were completing practice tests anyway 

uses retrieval practice to give students a strategy to increase feelings of self-efficacy in test 

taking. My study is unique in this respect and may provide the intervention for Year 6 that 

Putwain (2020, p.6) has described as a “pressing need”. 

2.1.4.2 Does Retrieval Practice Work for Students who are High in Test Anxiety? 

For an explanation of what high test anxiety is (see 2.2.3.2). To my knowledge, there is no 

research about using retrieval practice with students who are high in test anxiety in Year 6 

(10-to11- year-olds). Hembree’s heavily cited meta-analysis (Hembree, 1988) suggests that 

test anxiety can start at age seven. Putwain and Daly (2014) suggest between 10 and 20% of 

students in a classroom are high in test anxiety.  

As a headteacher in a Prep (primary) school, I have seen that students of this age do 

experience test anxiety. As a teacher of Year 5 and Year 6 (9-to 11- year-olds) I have taught 
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students who are high in test anxiety in this age-group. This section will draw upon research 

with older students as that is all that is available. 

Agarwal et al. (2014) suggest that retrieval practice made 72% of their middle to high 

school students feel less anxious about taking unit tests that counted for a grade. In addition, 

81% of students said they felt the same or less test anxiety in classes where they had received 

clicker quizzes. However, 19% of students said they felt more anxious about tests because 

they had been using quizzing procedures. Students who have high test anxiety are not 

commented on in this isolated example of an age relevant test anxiety and the testing effect 

study, but Agarwal et al. (2014) suggest that future studies should focus on individual 

characteristics and the inducement of test anxiety from quizzing. It is possible that some of 

the 19% of participants in Agarwal et al. (2014) can be accounted for by students who 

experience high test anxiety. 

Hinze and Rappe (2014) question the benefits of retrieval-based practice on highly 

test anxious, college aged students by stating that anxiety affects the cognitive process. In 

their retrieval disruption hypothesis, the authors examine the effects of low stakes’ tests and 

high stakes’ tests on students with test anxiety. The conclusion is inconclusive. The power of 

retrieval is clear and testified by the authors. The authors comment that there is a need for 

further empirical investigation as their experiment that offered financial rewards, in an 

attempt to create a high stakes’ situation is not realistic of a truly evaluative situation.  

Tse and Pu (2012) asked whether repeated testing is equally effective with all 

students. Their experiment tested college age students with lower working memory capacity 

and trait test anxiety. Once again, the benefits of testing were clear. Participants in the 

experiment performed better in the repeated testing condition than in a repeated study 

condition. However, the participants with a lower working memory capacity and higher test 

anxiety, made more intralist errors during the acquisition phase of learning and the testing 

effect was negatively correlated for this group.  

Both Hinze and Rappe (2014) and Tse and Pu (2012) present different findings to 

Agarwal et al. (2014) that suggest 72 % of middle to high school students experience reduced 

test anxiety because they have used retrieval practice in the classroom. However, both 

experiments are with older, university aged students and conducted in laboratory conditions 

in contrast to Agarwal et al. (2014). Clark et al. (2018) support Aggarwal et al. (2014) and 
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challenge Tse and Pu (2012) by suggesting that testing is more beneficial with students who 

are high in test anxiety but again the participants are college aged U.S. students.  

A student, who has high levels of test anxiety, may not perform as well in evaluative 

situations as a student, who has lower levels of test anxiety because students, who have high 

test anxiety, are less likely to perform the elaborate rehearsal that helps the encoding of 

information. (Carpenter, 2009). There will be limited encoding and cueing because anxiety is 

dominating, and all the transactional mediating and moderating variables are competing for 

attention. (Zeidner 1998). It is likely that an individual, who is test anxious, is busy with 

worrying and is less likely to come up with retrieval cues. This information emphasizes the 

potential need for an effective intervention for a student, who has test anxiety, at an early 

stage of the evaluative process, before maladaptive coping (Zeidner & Matthews, 2005) 

manifests. 

However, there are the students who are high in test anxiety who use increased effort 

(Putwain & Symes, 2018) to compensate for performance deficits and thus the relationship 

between test anxiety and performance deficits is relatively low at r = -.21 (Seipp, 1991) 

Students, who are high in test anxiety, can perceive tests as opportunities for 

catastrophic failure. McDaniel et al. (2013) suggest that it is possible that the benefits of 

testing may counteract the anxiety that is created by the process of testing, for a student who 

does experience trait and therefore state test anxiety because some students become less 

anxious after regularly being tested in class. Cassady (2004) says that students, who are high 

in test anxiety, showed low self-confidence in the test preparation phase.  

However, Agarwal et al., (2014) in the only study, to my knowledge that does include 

10-to 11- year-olds suggest that 92% of students felt that retrieval practice helped them learn 

and 72% felt that retrieval practice reduced test anxiety around unit tests and exams. This 

study examined the use of low stake quizzes using clickers in the classroom to enhance 

subject knowledge recall. As already stated, there is no specific information about how the 

students who are high in test anxiety felt about the use of retrieval practice in reducing test 

anxiety.  

My study did not use subject specific retrieval but retrieval of retrieval practice. The 

testing effect on the testing effect. Each week, over a period of six weeks, the students were 

invited to discuss, to recall what they could remember about desirable difficulties and 

especially the testing effect. Teaching the testing effect, in this way, through recall has never 
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been done before with 10-to11-year-olds with the purpose of increasing test-taking self-

efficacy to reduce test anxiety. Eighteen percent of the students in this study were high in test 

anxiety, N = 31. 

Students need self-efficacy; the ability to believe in their capabilities. They need 

support in their academic self-concept (e.g., Lohbeck et al., 2016). Students can benefit from 

understanding how learning occurs. Knowing that testing is increasing long-term retention 

could give feelings of confidence when faced with an evaluative situation. Knowing that 

testing has been practised and that the “testing routes are well oiled”; the memory has been 

trained in testing, could give confidence to students, who are test anxious, in evaluative 

situations.  

In my study, I hypothesize that knowing about the testing effect may be an 

appropriate way for creating feelings of security and self-efficacy in test taking through the 

ability to be able to recall this reassurance for students, who suffer from test anxiety and for 

those students who don’t suffer from test anxiety, and for those students who experience test 

anxiety at varying degrees. Sharing the information from Bjork’s (1975) memory modifier 

(retrieval makes it easier to retrieve) and the significant results from Roediger and Karpicke 

(2006a, 2006b) about the benefits of study, test, test, test plus the idea of non-successful 

retrieval (Kornell et al., 2015), where unsuccessful retrieval still aids future retrieval and 

learning, are possibly, cognitively powerful reassurances for students, who are anxious about 

testing and for other students who have varying degrees of test anxiety. This knowledge may 

build cognitive morale. 

2.1.5 Summary and Next Section 

This chapter has discussed the testing effect and the benefits to learning from using 

retrieval practice. This chapter has highlighted the lack of research into the testing effect with 

10-to 11-year-olds through citing the few relevant studies (Aslan and Bäuml, 2016; Karpicke 

et al., 2014, 2016; Lipowski et al., 2013; Ritchie et al., 2013). This chapter has highlighted 

the lack of research for the testing effect to reduce test anxiety with 10-to 11-year-olds 

(Agarwal et al., 2014) and the absence of research for using the testing effect with 10-to 11-

year-olds, who are high in test anxiety.  

This chapter has discussed how the educational climate may be changing as 

demonstrated by recent changes to the Initial Teacher Training core framework, (2020) that 
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now incorporates retrieval practice and the idea of effortful and use of errors in learning into 

new teacher training.  

The problem of students’ metacognition in terms of their judgements of learning has 

been explored and as a researcher, I have considered some solutions to the problem and as a 

teacher, offered some further solutions. 

I highlight the issue of mistakes in learning needing to be celebrated and time given 

for effortful learning rather than simply getting through the content of a syllabus. Perhaps the 

way students are assessed needs to be changed to allow for less content and more, real 

learning? Misconceptions in Science learning are common (e.g., Tsapali, 2020) and slowing 

down and making more mistakes that can then be corrected along the learning journey may 

reduce some of these misconceptions. 

From this chapter, some ideas that are central to the intervention in this study emerge: 

the power of the testing effect, taught to the students through “study, test, test, test” (Roediger 

& Karpicke, 2006b) and the idea of memory being a modifier (Bjork, 1975) “your testing 

routes are well-oiled”.  

The next section examines test anxiety theory and constructs. It is necessary because 

to design an intervention using the testing effect to reduce the worry or cognitive element of 

test anxiety, the dynamics of the text anxiety construct must be understood.  

A key feature of transactional test anxiety is an individual’s perception of self-control. 

The intervention was designed using the testing effect to increase feelings of self-control, 

specifically self-efficacy in test taking. The concepts of self-control and self-efficacy are 

inextricably woven into the S-REF (Self-referent executive function) model of test anxiety 

(Zeidner & Matthews, 2005) in the self-knowledge beliefs strand of the model.  

Section three of this chapter examines self-efficacy and in particular, the relationship 

between uncertain control (Putwain & Pescod, 2018), perceived control (Putwain & Aveyard, 

2018) and test anxiety and inevitably ideas overlap with ideas discussed in the next section, 

section two that is about test anxiety and also ideas in section one, the testing effect. 

However, section three of this chapter has been designed to be read on its own so that the 

complexity of the interleaving concepts can be fully explored. The next section, section two 

of this chapter, is about test anxiety.  
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2.2 Test Anxiety 

This section of the literature review discusses many aspects of test anxiety. It was 

necessary to understand how test anxiety works, from looking at the history of the construct, 

its various models, some related theories, previous interventions, and instruments of measure, 

to be able to create an intervention using the cognitive theory of the testing effect, to address 

the problem of test anxiety in 10-to 11- year-olds. The new and adapted measures used in this 

study are also informed from learning about test anxiety, the testing effect and self-efficacy 

theories. 

In the DSM-IV, Diagnostic and Statistical Manual of Mental Disorders (American 

Psychiatric Association, 2000) test anxiety is not coded as a separate diagnosis but if it 

interferes with daily living because of its distressing levels, it could be classified as a social 

phobia. The ICD-10, International Classification of Diseases, (World Health Organisation, 

1992) classify examination phobia as a specific phobia. There is a lack of clear diagnostic 

criteria for test anxiety (Bögels et al., 2020; LeBeau et al., 2020). 

Zeidner (1998) investigates the origins and development of test anxiety and organizes 

the antecedents of test anxiety into proximal and distal categories. Distal factors are those that 

are more distant from the individual. Distal factors are a result of genetic make-up and / or 

upbringing. Distal factors are those that are not products of the immediate environment. One 

major distal factor is parental attitudes towards raising children. I differentiate parental input 

around the topic of exams during exam periods to a proximal factor. 

As a headteacher, I have talked regularly to parents and teachers about the need to 

adopt an ‘it’s ok to make mistakes’ culture at home and school; to be mindful about the 

pressures placed on children to succeed. I have talked about the types of parental, teacher and 

peer transactions that can cultivate anxiety, especially around tests. If parents and teachers 

become anxious for the children as important tests approach, then, akin to the process of 

osmosis, the children can become more anxious too. I have appealed for mindful approaches, 

a sense of keeping perspective as the key testing points of an academic calendar are 

approached. 

Proximal factors are those of the immediate environment. Zeidner (2014) highlights 

the school environment as a major proximal factor. These can be simply the physical context 

of an examination setting but also the result of many peer and social pressures; not least the 
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teacher or parental pressure that can be conveyed in fear appeals (e,g., Putwain & Best, 2011; 

Putwain et al., 2014, 2016).  

Fear appeals are statements issued by teachers (peers / parents) to students prior to 

high stakes’ tests and are designed to alert students to the importance of the upcoming test 

and the need to study hard, to prepare. Reminders of what is at stake such as university or 

school entry, scholarships or academic records may be used. Fear appeals may be meant to be 

helpful in motivating study prior to examinations but they may also affect self-belief. 

Putwain et al. (2014) suggest that for students, who had high test anxiety, fear appeals made 

them more anxious. However, for students, who have low test anxiety, fear appeals can work 

to make them study harder. In any given classroom, there are approximately 10% - 20% of 

the class that experience high test anxiety (Putwain & Daly, 2014).  

Putwain (2018) discusses the antecedents of test anxiety as: beliefs in ability to 

achieve, study habits, skills in studying and test taking, how important a particular exam is 

and the evaluation of the exam and context as it happens and a person’s approach to coping. 

Putwain (2018) suggests that, when looked at separately, the relevance of some test anxiety 

antecedents may become overstated and that studies have not yet examined the role that 

regulating or controlling the emotions plays in the transactional nature of test anxiety. One 

aim of this study is to try and contribute to this gap in the literature through trying to measure 

self-efficacy in test taking in 10-to11- year-olds, using pre-test and post-test timepoints 

around high stakes’ tests. 

Test anxiety affects performance in tests. (e.g., Hembree,1988; Putwain, 2008) Test 

anxiety affects the cognitive process and working memory (e.g., Eysenck & Calvo, 1992). 

There are various estimates for the number of test anxious children in a classroom (e.g., 

Putwain & Daly, 2014) and it is difficult to establish an exact measure (Cizek & Burg, 2006). 

Test anxiety is a global phenomenon (e.g., Zeidner, 2014). Test anxiety affects girls more 

than boys (e.g., Hembree, 1988). Test anxiety increases in response to high stakes’ tests 

compared to classroom tests (Segool et al., 2013). 

Gender has not been a focus in the research questions and analyses in this study. 

There are meta-analytic studies (e.g., Hembree, 1988) that have established that test anxiety 

affects girls more than boys. The main focus of this study is in trying to reduce worry about 

exams for 10-to 11-year-olds. 
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The construct of test anxiety is a complex and multi-dimensional one (e.g., Chapell et 

al., 2005; Wine 1982; Zeidner, 1998). Test anxiety can involve combinations: metacognition, 

strategies for coping, motivation, strategies for study, perceived importance of a test and 

attentional bias. (e.g., Putwain & Pescod, 2018)  

Putwain and Symes (2018) describe test anxiety as a perceived threat to goals 

including educational or occupational hopes for the future and feelings about self-worth. 

Putwain, Chamberlaine, et al. (2014) suggest that evaluations of self-worth are the result of 

negative self- judgements that are a result of perceived failure. They outline the construct of 

test anxiety, as consisting of four elements: cognitive or worry, behavioural, affective, and 

social elements. The focus of this study is the cognitive element of test anxiety, worry. 

Goonan (2003) suggests that test anxiety is more than normal worry about a test. It is 

a specific anxiety disorder that involves extreme amounts of concern, worry and fear about 

being evaluated negatively and manifests in the evaluative situation as difficulty in thinking 

clearly and being able to retrieve information. One should note that the conclusions in this 

study are not drawn from empirical data (Putwain & Pescod, 2018). 

Zeidner (2014) discusses the ideas that intellectual, motivational, and social 

capabilities have to work harder, in individuals, who are test anxious. There is cognitive 

worry about failure, remembered from incidents in the past and fear of future failure and the 

negative consequences that will accompany such a failure. As a result of these thoughts, there 

is a reduction in the ability to be able to process information and respond accordingly in tests 

(e.g., Cassady, 2004; Zeidner, 2007). Furthermore, emotions increase and can result in 

heightened physiological responses such as increased heart rate, sweating and ‘butterflies’ 

(e.g., Putwain, Chamberlaine et al., 2014) 

 Test anxiety is associated with negative thinking and behaviour at all phases of the 

learning and testing cycle. It is not just a phenomenon that happens in the testing room but 

during the accumulation of knowledge and the also post-tests, when reflection occurs. 

(Zeidner, 1998). In a rare experiment, conducted in an actual exam, Galassi et al. (1981) 

suggest that for students, who are high in test anxiety, the performance aspect, sitting the 

exam, is the worst, negative and most intense part of the evaluative process. 

Test anxiety is a multi-dimensional, multi determined phenomenon and a variety of 

different test anxious individuals can be identified. (e.g., Zeidner, 1998) 
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Zeidner and Matthews (2005) regard test anxiety as being a characteristic of the 

person and part of a dynamic process. Essentially, it is a complex construct, and each person 

is individually complex. Zeidner (1998) refers to the reciprocal interaction of several clear 

elements: the evaluative context, traits or characteristics of anxiety, the perception of the 

threat and how this information is assessed by an individual, state anxiety caused by the 

room, the instructor, previous failures combined with trait or characteristic anxiety and the 

ability to adapt and cope in the evaluative situation. Spielberger et al. (1976) define test 

anxiety as an individual’s tendency to worry and to have irrelevant, intrusive thoughts and an 

inability to think straight and physiological arousal. 

From the ideas outlined above, it is hoped that the reader gains a sense of the 

transactional nature of test anxiety. It is dependent upon the person, behaviours, and the 

environment. The test anxiety construct has a similar structure to the triad of reciprocal 

causation (Bandura, 1986b) of behaviour, personal factors, and environment: B = behaviour, 

P = internal personal factors such as cognitive, affective, and biological events and E = the 

environment.  

2.2.1 The Test Anxiety Construct 

This section examines the different models of test anxiety to afford the reader with a 

sense of how the model has changed. The history of test anxiety discusses drive models of 

test anxiety, deficit models, cognitive motivational models, and transactional models 

(Zeidner, 1998). Theories such as: expectancy, attentional, motivation and arousal (Zeidner, 

1998) cross over into test anxiety theory but it is not within the scope of this thesis to discuss 

these in detail and thus they are considered only where relevant. 

Liebert and Morris (1967) introduce the idea that test anxiety is a bi-dimensional 

construct defined by worry (cognition) and emotionality (behaviour). The worry element of 

test anxiety is the focus of this thesis.  

Alpert and Haber (1960) refer to the facilitative and debilitative properties of test 

anxiety. Test anxiety as a facilitative concept is considered only briefly in this thesis because 

the idea of test anxiety being facilitative is over simplified. Putwain et al. (2020, p.3) explain 

that there is a difference between the facilitating effects of challenge and that this feeling of 

‘in the flow’ (e.g., Csikszentmihalyi, 2004) should not be confused with the debilitating effects 

of anxiety arising from threat. They reject the argument of test anxiety being facilitative due 

to the absence of empirical support for the Yerkes-Dodson law (Yerkes-Dodson, 1908).  
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Sarason (1972) and Wine (1971) propose a cognitive attentional model. Carver and 

Scheier (1981) refer to people who set goals and standards. Tobias (1985) proposes a 

learning deficit model but notes that the problem with this idea is that students, with good 

study habits, can get anxious too. Covington (1992) suggests that individuals do have 

efficient study skills but that with test anxiety, they get blockages that they can’t remove. 

Smith, Arnkoff and Wright (1990) suggest a dual deficit model with interference and skills 

deficits.  

Naveh-Benjamin (1991) proposes the deficient in study taking skills’ model that also 

features problems in being able to encode knowledge in study and then being able to retrieve 

this knowledge subsequently. Spielberger and Vagg (1995) define test anxiety as A state 

anxiety, which happens more readily for people who have A trait anxiety. Some people are 

naturally more anxious than others, as a result of many proximal and distal factors (Zeidner, 

1998), and are more likely to become anxious in evaluative situations developing A state 

anxiety if they have A trait anxiety. 

Zeidner and Matthews (2005) extend this model by describing integrating, multiple 

influences of anxiety on cognitive processes in the S-REF (Self-referent Executive Function) 

model of test anxiety. It is a strand of the S-REF (Self-referent Executive Function) model 

that is targeted by the intervention in this study. Lowe et al. (2008) introduce the 

biopsychosocial model, a combination of cognitive, learning, demographic, social and 

environmental influences.  

Zeidner and Matthews (2005) discuss how a repeated history of failures makes 

individuals accept failure readily and that they can adopt a type of learned helplessness. They 

discuss different test anxious types: self-handicappers who may not study because they can 

then blame their failure on this process rather than anything else such as inability and, on the 

other end of the scale, are the perfectionist over-strivers, who ask too much of themselves.  

In addition, Zeidner and Matthews (2005) broaden the understanding of the test 

anxiety construct through considering the theories around evaluation anxiety. It helps to 

understand the complex nature of test anxiety by considering multiple factors such as: 

negative self-belief, skills deficits, avoidance motivation, self-regulative strategies, 

maladaptive stress processes and drive/arousal theories. The latter of these is dismissed due 

to its failure to differentiate between emotionality and worry. (Zeidner & Matthews, 2005). 
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These multiple contexts and factors emphasize the transactional nature of test anxiety and can 

be an indication as to the problems of measuring and intervening in test anxiety. 

Furthermore, Zeidner (2014) proposes interactional personal traits plus situational 

anxiety, which is similar to and a development of, through the word ‘interactional’, the A trait 

and A state model proposed by Spielberger and Vagg (1995). The social learning model of 

test anxiety (Smith et al., 1990) is discussed at 2.3.1.1 as the ideas in this model are linked to 

self-efficacy theory.  

Test anxiety is a complex construct and research has been limited by the self-report 

aspect of this construct (Putwain, 2018) and because test anxiety is difficult to research as it 

happens in assessment situations (e.g., Schutz et al., 2014). Most test anxiety research is 

necessarily conducted pre and post evaluative situations. An exception is the study by Galassi 

et al. (1981) that was conducted in an actual exam.  

The S-REF (Self-referent executive function) model (Zeidner & Matthews, 2005) is 

explored in much more detail as it is this model that is targeted by the intervention in my 

study. (see 2.2.1.2) A further key idea to consider is that although the research suggests that 

cognitive test anxiety affects performance in high stakes’ tests due to its debilitating effects 

on working memory (e.g., Owens et al., 2008; Putwain, Shah & Lewis, 2014), counter 

theories suggest that students with high test anxiety compensate through extra effort to reduce 

the performance deficit (e.g., Eysenck & Calvo, 1992; Eysenck et al., 2007; Putwain & 

Symes, 2018) and retrieval practice works with students with low working memory (Agarwal 

et al., 2017) and moreover, that retrieval practice reduces test anxiety (Agarwal et al. 2014).  

2.2.1.1 Worry. This study focusses on the cognitive or worry element of test anxiety 

as identified in the bi-dimensional construct of Liebert and Morris (1967). The focus on this 

element of the test anxiety construct and not the emotional (behaviour) or affective 

(physiological) elements is because the worry component of test anxiety is a wise target 

(Putwain & Pescod, 2018) for intervention because of its links to achievement (e.g., 

Hembree, 1988) and well-being (Putwain et al., 2021; Steinmeyr et al., 2016). In addition, the 

affective physiological elements of the test anxiety construct can be equivocal (Putwain, 

2018) and it is difficult to identify specific behaviours that are purely indicative of test 

anxiety (Putwain et al., 2020).  

 The intervention in this study was designed to try and reduce the worry element 

(Liebert & Morris,1967) of test anxiety using the cognitive theory of the testing effect, 
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through trying to increase feelings of self-efficacy in test taking by intervening in the self-

knowledge beliefs strand of the S-REF (Self-referent Executive Function) test anxiety model 

(Zeidner & Matthews, 2005).  

Liebert and Morris (1967) shifted the emphasis of test anxiety into the cognitive realm 

through their work, (Zeidner, 2014). It is the cognitive element that affects working memory 

and performance in assessments more so than emotionality, also referred to as behaviour. 

(Eysenck & Calvo 1992; Hembree, 1988; Liebert & Morris, 1967; Putwain, 2018) 

Zeidner and Matthews (2005) summarise test anxiety as a three-dimensional 

construct: behavioural, cognitive, and affective-physiological. The test anxiety construct, that 

the Children’s Test Anxiety Scale (Wren & Benson 2004) seems well aligned to measure. In 

the Children’s Test Anxiety Scale, there are three subscales: thoughts, that measures the 

cognitive or worry element of test anxiety, off task behaviours, that measures behaviour and 

autonomic reactions, that measures the affective physiological element of test anxiety. The 

Children’s Test Anxiety Scale (Wren & Benson, 2004) is the measurement that I chose to use 

for the pre-test and post-test questionnaires in the pilot and main study.  

Putwain & Aveyard (2018) address perceived control and test anxiety. They examine 

how three self-beliefs (academic buoyancy, perceived control, and test competence) can work 

to decrease worry, or the cognitive element of test anxiety, and how this decrease in worry 

increases perceived self-control and examination performance. They suggest that perceived 

control, but not academic buoyancy or test competence moderated the relationship between 

worry and test anxiety and that some students with high perceived control can still become 

anxious about tests. For example, if they hold beliefs about the usefulness of worry. (Putwain 

& Aveyard, 2018) Uncertain control and perceived control in test anxiety are found in the 

self-knowledge beliefs strand of the S-REF model (Zeidner & Matthews, 2005) of test 

anxiety (Putwain, 2018) and it is this layer of the S-REF model that is the target for the 

intervention that aims to increase self-belief, self-efficacy in test taking. 

 In my study, I focus on the idea that self-belief, the belief in knowing about how the 

testing effect works can increase feelings of self-efficacy about taking tests to reduce worry 

or the cognitive element of test anxiety thereby increasing perceived control and reducing 

uncertain control. This idea of increasing self-control to reduce worry or cognitive test 

anxiety is key to this study and explored further at 2.3.2 and 2.3.2.2.  
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2.2.1.1.1 Other Test Variables. Zeidner (1998) discusses the variables that need to be 

considered for a student who is test anxious. They are listed here with some specific 

examples included from my teaching experience, to provide further context about 

contributing factors to test anxiety: 1. How hard a test is may affect different students in 

different ways; 2. The order of the questions. As a G.C.S.E (General Certificate of Secondary 

Education) examiner for many years, the paper usually started with easier questions that were 

designed to ‘warm up’ the students in preparation for harder questions later on in the paper; 

3. The test format. As a teacher, I taught exam rubric specifically so that there were no 

surprises for students about what the exam looks like and when delivering mock exams 

ensured that the experience was identical to the real exam even down to the type of booklet 

used for writing; 4. The choice in the items to answer. It is not always possible to provide an 

option, but many exams do feature an element of choice at some point. For example, in 

English exams, the comprehension is usually compulsory and will be followed by a choice of 

essay questions. As a headteacher, I used InCAS (Interactive Computerized Assessment 

Systems) to assess primary aged students as this computerized system differentiated 

questions according to questions answered.  

In addition, the exam room, the environment itself can cause test anxiety. 

Furthermore, the instructor may not be known to students in an exam and for some students 

this reality can make them feel anxious. In designing a questionnaire, I tried to measure some 

of these variables, I included questions about the instructor and the exam room and the 

degree of difficulty of the test (see Appendix A; Appendix H, Figure H.1; Figure H.2). 

2.2.1.2 The S-REF Model. Section 2.2.1 outlined some of the test anxiety constructs, 

but it is important to explore the S-REF (Self-referent Executive Function) model by Zeidner 

and Matthews (2005) in more detail. The reason is because it is the self-knowledge beliefs’ 

strand that is targeted by the intervention in my study, that aims to increase self-efficacy in 

test taking and reduce test anxiety in 10-to 11-year-olds.  

I have been led to this target point from reviewing the literature. A key element to focus 

on came from the worry and emotionality model of test anxiety (Liebert & Morris, 1967) and 

the idea that it is the worry or cognitive process that affects performance but more 

importantly the cognitive element or worry that can alter perceived control (Putwain & 

Aveyard, 2018) and reduce uncertain control (Putwain & Pescod, 2018) and potentially 

improve student feelings of self-efficacy that may manifest as improved beliefs about test 

taking capabilities. (see Figure 2.1) 
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Figure 2.1 

The Mechanism 

  

The S-REF (Self-referent Executive Function) model of test anxiety (Zeidner & 

Matthews, 2005) summarises three areas that illustrate the test anxiety process (see Figure 

2.2) 

Figure 2.2 

The S-REF Model - Self-referent Executive Function (Zeidner & Matthews, 2005) 

 

 

The S-REF (Self-referent Executive Function) model of test anxiety (Zeidner & 

Matthews, 2005) spreads across several cognitive processes. An individual will receive 

notification of an exam and assess the degree of threat through accessing self-knowledge 

beliefs; for example, about previous successes or failures in evaluative conditions, beliefs in 

test taking capabilities. After that, decisions about how the individual will respond are made. 

It is at this point, that maladaptive coping strategies, such as mental or behavioural avoidance 

of the evaluative situation or turning to maladaptive metacognitive beliefs happens. For 

example, ‘If I worry, it means that I won’t fail’ types of self-talk. (e.g., Zeidner & Matthews, 

2005). This experiment is designed so that the intervention intervenes at the self-knowledge 

beliefs point of the S-REF (Self-referent Executive Function) model (Zeidner & Matthews, 

2005) to try and improve feelings of self-efficacy about taking tests, to reduce the worry 

element of test anxiety.  

The tools: 

cognitive 

Intervention; the 

testing effect

The target: S-REF 

model's strand of 

self knowledge 
beliefs

The outcome: 

reduction in worry
about taking tests

1.Executive Processing
Planning and working 

out of tasks by the brain.

2. Self-knowledge 
Beliefs

Knowledge about one's 
own learning, beliefs in 

capability

3. Maladaptive 
Interaction with the  

Situation
The testing room, 

previous experiences, the 
examiner.



 42 

2.2.2 The Measures 

von der Embse et al. (2020) suggest that many existing test anxiety measures are 

limited because they fail to reflect developments in the test anxiety phenomena over time. In 

this study, I chose a measure that had been used with children of the same age-group, but I 

explored it and adapted it to reflect possible changes that may have occurred in the test 

anxiety construct over time. The Children’s Test Anxiety Scale (Wren & Benson, 2004) was 

the established measure that I chose. A recent comment by von der Embse et al. (2020) 

suggests that this measure does not consider students’ perceptions of test use. In my study, I 

created a new measure to assess self-efficacy in test taking that may capture some students’ 

perceptions of test use.  

There are a few measures for test anxiety that have been developed over the years for 

children: The TASC, Test Anxiety Scale for Children, (Sarason et al., 1958); TAICA, Test 

Anxiety inventory for children and adolescents (Lowe et al., 2008); STAIC, State Trait 

Anxiety Inventory for Children, Spielberger et al. (1973); CTAS, Children’s test Anxiety 

Scale (Wren & Benson, 2004); MTAS, multidimensional test anxiety scale (Putwain et al., 

2020).  

The recent measure by Putwain et al. (2020) reflects the change in understanding of 

the test anxiety construct over the years and moves away from many of the measures that are 

confined to subscales that measure worry, emotionality, and affective behaviour, in creating a 

more dynamic and multidimensional scale. The MTAS measures two cognitive dimensions 

of worry and cognitive interference and two affective physiological interventions of 

emotionality and autonomic arousal.  This new test anxiety measure was not available when I 

started this study and may have been a good measure to use because although the students 

were slightly older (11-to 16- years-old) they are from U.K. schools and the measure is 

multidimensional reflecting what is now known about the test anxiety construct. However, 

the new measure was created for secondary school aged students and not primary aged 

students. This situation emphasizes the need for contemporary, appropriate test anxiety 

measures for the primary age-group. 

Putwain et al. (2020) suggest that test anxiety is more than three-dimensional in their 

construction of a new test anxiety measure, the MTAS or Multidimensional Test Anxiety 

Scale. My study tries to contribute towards this idea through using an adaptation of the 

thoughts’ subscale from the known Children’s Test Anxiety Scale and through the creation of 

a new measure (Self-efficacy in Test Taking) to capture another dimension of test anxiety. 
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The principle of using a multidimensional scale to measure a multidimensional construct is 

one I have tried to support through the exploratory processes I have used with the thoughts’ 

subscale and the adaptations I trialled, and the design of the Self-efficacy in Test Taking 

questionnaire. 

Test anxiety is difficult to measure and is limited to pre and post-test self-report 

measures. (e.g., Putwain & Pescod, 2018). Zeidner and Matthews (2005) call for 

improvements in theory and methods of research to reflect the diverse nature of evaluation 

anxiety. Putwain (2008a) suggests that test anxiety literature is limited by the narrow focus 

on empirical measurement. Zeidner (2014) refers to a lack of understanding of the individual 

nature (proximal and distal factors) and argues for the need to crossover between test anxiety 

and other relevant theories. The Self-efficacy in Test Taking measure that I created may help 

to fill this gap. 

2.2.2.1 Validation for the Use of the Children’s Test Anxiety Scale. The main 

reason that I chose this measure is because it was tested on primary school children and 

created with the input of a primary school teacher. In addition, previous studies have shown 

the construct validity of the Children’s Test Anxiety Scale (e.g., Aydin & Bulgan, 2017; 

Putwain et al., 2013; Yeo, Goh & Liem, 2016) The Children’s Test Anxiety Scale (Wren & 

Benson, 2004) was the choice for both the pilot and main study. 

Wren and Benson (2004) explain in detail the planning, construction, quantitative 

evaluation, and validation of the new Children’s Test Anxiety Scale. Initially, 230 students 

were involved from grades 3 - 6 (in England, Year 4 to Year 7). This sample size involves 

Year 6, which is the year group in this study. 

The language used for the items was obtained from the students themselves in a free 

writing test. The initial 107 items were subjected to a panel of eight teachers from the 

different year groups and reduced to 50 items. In the experiment, the 50 items scale was 

delivered to 230 students and resulted in a refined 30 items scale that was again validated 

using a sample of 261 children, to establish the validity of the construct.  

I was able to verify the accessibility of the questionnaire in my classroom as the 

sample group in the pilot read and answered the Children’s Test Anxiety Scale easily. The 

Children’s Test Anxiety Scale is easy to deliver. This aspect is important to consider for the 

main study. No expert or researcher is needed. A classroom teacher can administer the 

questionnaire easily and quickly in approximately 10 -15 minutes.  
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The reliability estimate for the 30 item Children’s Test Anxiety Scale was 0.92 and 

the subscales were 0.85 for autonomic reactions, 0.78 for off task behaviours and 0.89 for 

thoughts.  

I chose The Children’s Test Anxiety Scale (Wren & Benson, 2004) because the 

development, planning, construction, quantitative evaluation, and validation of the 

questionnaire are detailed by Wren and Benson (2004). The questionnaire is representative of 

the literature about the test anxiety construct at the time it was developed. The cognitive, 

behavioral, and affective physiological dimensions of test anxiety are represented through the 

respective subscales of thoughts, off task behaviours and autonomic reactions, respectively.  

2.2.3 Effects of Test Anxiety 

This section discusses the relationship of test anxiety and performance and its 

prevalence in test anxiety literature. Processing efficiency theory (Eysenck & Calvo, 1992) 

and attentional control theory (Eysenck, Deraksham et al., 2007) are explored in relation to 

individual performance in tests. The counter theory of test anxiety being a facilitative force is 

mentioned at the end of this section although this idea has historically and recently been 

refuted (e.g., Hembree, 1988; Putwain et al., 2020). The concept of students that are high in 

test anxiety is explored again.  

2.2.3.1 Test Anxiety and Performance. This section is brief in comparison to the 

vast amount of literature that exists about test anxiety and performance. This is because test 

anxiety and its relationship to performance is not measured in this study. Although the 

literature about cognitive test anxiety tends to focus on test anxiety and performance (e.g., 

Hembree, 1988; von der Embse et al., 2018) the actual relationship between test anxiety and 

performance is small, r = - 0.21 (Eklöf, & Nyroos, 2013; Hembree, 1988; Seipp, 1991). 

However, the literature about test anxiety and performance is useful to consider in terms of 

learning how students use cognitive strategies to mediate performance deficits.  

Putwain (2008) refers to the relationship of test anxiety and performance, that of r = - 

.21 and questions why the figure is not larger. He suggests that the answer lies in how 

students cope with test anxiety. After all, it is not anxiety itself that is responsible for 

negative performance but the strategies a student uses to cope with and respond to the 

anxiety. 

The literature about test anxiety and performance says that it is the cognitive or worry 

element of the test anxiety construct that affects cognitive performance more so than the 
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emotionality aspect of the construct. (e.g., Hembree, 1988). Schwarzer (1990) focusses on the 

empirical research nature of test anxiety and performance studies and suggests that they are 

too limited in their scope and lacking in their conclusions.  

Test anxiety is not a simple construct to measure because of its complexities and the 

difficulty of obtaining a measure in highly evaluative circumstances. (e.g., Schutz et al., 

2014) Students, who are high in test anxiety, do not always perform poorly (e.g., Putwain & 

Symes, 2018) and students, who are low in test anxiety, do not always perform well. 

(Zeidner, 1998) 

 Students, who have more test anxiety, will often expend more effort, and therefore 

equalize the achievement outcome, possibly at considerable cost to themselves and their well-

being. (e.g., Putwain & Symes, 2018) Conversely, students, who are low in test anxiety, may 

not have prepared for the tests. 

Eysenck, Derakshan, Santos and Calvo (2007) discuss attentional control theory, 

ACT as a development from processing efficiency theory (Eysenck & Calvo 1992). ACT 

interferes with working memory (Owens et al., 2012) and also motivates an individual to 

reduce threat through increased effort that is typified by the application of more cognitive 

resources to the high stakes’ test. ACT means that performance in exams can be maintained 

with effort. In processing efficiency theory, the effects of test anxiety are said to be greater on 

processing efficiency rather than performance effectiveness. In other words, anxiety can 

affect the way that information needs to be recalled, affecting working memory, an effect of 

the worry or cognitive process in the evaluative situation. However, worry or cognitive load 

doesn’t have an impact on the overall result because the brain is able to overcome worry 

through increased effort and use of auxiliary processing and strategies. In this way, test 

anxiety is still acting as a debilitating factor, although performance is not affected. The effort 

expended by the student who is highly test anxious, will be considerable but it is all about 

how the individual responds to the threat, the test anxiety and whether they have the coping 

strategies to manage the tense, evaluative situation and what the potential impact is on their 

well-being. 

Putwain and Symes (2018) found that increased effort improved the physiological or 

bodily symptoms of test anxiety but not the worry element of test anxiety. They suggest that 

not all students who are high in test anxiety will respond in the adaptive way proposed by the 

PET (Processing Efficiency Theory) and ACT (Attentional Control Theory) theories as some 
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will simply find the cognitive load too burdensome or may use avoidance strategies. (Putwain 

& Symes, 2018)  

Owens et al. (2012) suggest that this ability to perform, in students, who have test 

anxiety, can only happen if individuals have the resources, in terms of working memory 

capacity, to cope with the negative effects of anxiety. They propose that students, who are 

low in working memory capacity, simply do not have the resources available to improve 

performance. Owens et al. (2008) in their study with 10-to 11-year-olds suggest that verbal 

working memory accounted for 51% of the association between trait anxiety and academic 

performance. Tse and Pu (2012) support this finding by reporting a negative relationship 

between students with trait test anxiety and low working memory and use of the testing 

effect. 

However, there are some findings that suggest that with the correct study strategies 

and / or interventions, that even with low working memory, test anxiety can be reduced 

through using retrieval practice. Agarwal et al. (2014) suggest that 72% of students felt that 

retrieval practice made them feel less nervous for end of unit tests. In addition, Agarwal et al. 

(2017) suggest that the benefits for retrieval practice with feedback are significantly greater r 

= −.42 for students who have low working memory. These findings may challenge Owens et 

al. (2012) and Tse and Pu (2012). 

To summarise, some individuals with test anxiety will not suffer a decrease in their 

performance or achievements because their anxiety will increase their effort. However, they 

must work harder than individuals, who have low levels of test anxiety, to achieve the same 

results. Although, the academic outcome might be the same, because the process demands 

more from them, it is possible that there is a detrimental effect on the well-being of these 

individuals. The facilitating / debilitating issue of test anxiety as proposed by Alpert and 

Haber (1960) is reduced by these arguments as the effort in processing anxiety is recognized 

and the issue becomes one of impact on an individual because of the increased effort that is 

expended.  

Finally, Sperling et al. (2017) developed and validated a new test anxiety 

questionnaire that included the idea of test anxiety being a facilitative influence. They 

suggest that more students felt test anxiety hindered them than aided performance in tests. 

2.2.3.2 Students Who Have High Test Anxiety. As many as 10-20% of students in 

high stakes’ test taking year groups will be high in test anxiety (Putwain & Daly, 2014). 
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Putwain & Pescod (2018) suggest that there is no universally accepted definition of 

what constitutes a student who is highly test anxious. Herzer et al. (2014) comment that test 

anxiety is not coded as a separate diagnosis on the DSM -IV (American Psychiatric 

Association, 2020) or ICD-10 (World Health Organization, 1992) and suggest that a cut off 

score of >80 on the Test Anxiety Inventory would denote clinical test anxiety. However, the 

average age of the students in this study was 25 years old.  

According to Hembree (1988), an important aspect about individuals, with high levels 

of test anxiety, is that they have lower self-esteem than individuals with low levels of test 

anxiety. Students who are high in test anxiety perceive more self-detrimental than self-

enhancing information in the testing process. (Wong, 2008)  

Students, who are high in test anxiety, can be characterised by having negative and 

irrational thoughts, anticipating failure, and experiencing difficulty concentrating in tests and 

can freeze in testing situations (e.g., Zeidner, 2007, 2014). However, all students are 

different. In general, students, who are high in test anxiety, lack self-efficacy, belief in their 

capabilities in test taking for a multitude of reasons, for example: previous failures in tests, 

trait general anxiety, study deficit skills. (Zeidner, 1998) 

Schutz et al. (2002) suggest that, for students, who are high in test anxiety, even 

learning about test taking strategies, can cause anxiety. Test anxiety is not just found in the 

exam itself but from the notification of the exam to the performance and then at post-test, in 

reflections. Zeidner (1998, p. 50-51) refers to these stages as: anticipatory, confrontation, 

waiting and outcome. Galassi et al. (1981) in a rare experiment where the measures were 

taken during the actual high stakes’ test found that students, who were high in test anxiety, 

had the most negative thoughts at third point of assessment, in the actual exam. Due to the 

nature of high stakes’ testing, there are real difficulties in obtaining data from actual exams. 

Future studies may consider collecting data from taking assessments online with artificial 

intelligence that can read emotions as an answer to obtaining accurate pre and post-test 

measures for test anxiety (e.g., D’Mello et al., 2014). 

Stowell et al. (2008) suggest that for a student, who is high in test anxiety, even 

completing homework, can be as unpleasant as taking an exam. Bolger (1990) proposes that a 

student, who is high in test anxiety, is unable to avoid emotion focusing thoughts, at the 

expense of task related thoughts, during the forethought phase, when the notification of the 
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exam is given. In turn, their confidence in their study skills is affected as they rate the test 

more threatening and consequently, prepare less effectively in class.  

Sarason (1972) observed that students, who were high in test anxiety were more self-

centred and self-critical than students with low test anxiety and experienced more worry. 

Covington (1984) discussed the intrusive worry that students, who are high in test anxiety 

experience. 

Douglas Wren (2020, personal communication) provided the algorithm for identifying 

students, who were high or low in test anxiety. In this study, I identified students, who were 

high in test anxiety. The result was 18% of the sample, N = 31. Given the young age of the 

students and potential benefits of a universal test anxiety intervention (Weems et al., 2015), 

the intervention was administered to all students in the intervention group.  

2.2.4 Summary and Next Section 

The transactional nature of test anxiety has been discussed and the need for new 

measures that reflect the changing dynamic of the test anxiety construct. The idea that 

students, who are high in test anxiety may use more effort to compensate in tests is explored. 

This concept may explain why performance deficits due to test anxiety are rather small, r -.21 

(e.g., Seipp, 1991). The salient point to note is that it is not the test anxiety that is the issue, 

but how individuals cope with it (e.g., Putwain & Symes 2018). A further salient point to 

note is that retrieval practice reduced feelings of test anxiety (Agarwal et al., 2014).  

The next section explores the relationships between self-efficacy in test taking, 

retrieval practice and the concepts of uncertain control (Putwain & Pescod, 2018) and 

perceived control (Putwain & Symes, 2018) in test anxiety that were all key ideas to the 

design of the intervention. Chapter 3 explores the intervention itself.  

2.3. Self-efficacy 

This section is about self-efficacy theory and the idea of control. It is self-efficacy 

theory, in this case, belief in capability in test taking, that is the theoretical foundation of the 

additional pre-test and post-test questionnaire, Self-efficacy in Test Taking. This new 

instrument may provide a crossover measure for test anxiety and other theories (Zeidner, 

2014) and an age relevant scale that includes students’ perceptions of test situations (von der 

Embse et al., 2021). The caveat is that the new instrument needs to be cross validated and 

thus all results are exploratory at this stage.  
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If an individual is high in uncertain control, then it is likely they will be high in test 

anxiety (Putwain, 2018). It is through controlling ‘control’, in this case, through trying to 

create self-efficacy in test taking feelings, that test anxiety may be moderated.  

2.3.1 Theories and Models 

Self-efficacy theory sits under the umbrella of social cognitive theory (Bandura, 

1986a, 1986b) and is domain specific about an individual’s belief in capability to perform a 

task. (Bandura, 1997). Bandura (1977, p.192) acknowledges that cognitive processes play a 

prominent role in relation to behaviour patterns. Moreover, that experiences leave lasting 

effects in memory. For test anxiety, the strand of self-knowledge beliefs is where access to 

experience and memory reside to inform beliefs alongside transactions from individual 

characteristics and the environment. 

Social learning theory (Bandura, 1977) posits that we learn from observing each other 

and social cognitive theory is a development of social learning theory as we learn from 

corrective feedback on performance so that we learn from ourselves rather than others. The 

intervention in this study is drawing on self-efficacy theory and therefore social learning and 

social cognitive theories too.  

One of social cognitive theory’s central concepts is that of the triad of reciprocal 

causation. B = behaviour, P = personal factors such as cognitive, affective, and biological 

events and E = external environment (Bandura, 1986a). All determinants interact to influence 

each other bi-directionally (Bandura, 1997). 

 
Figure 2.3 

Bandura (1986b) Triadic Reciprocal Causation 
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The elements of this concept are similar to the idea of transactional test anxiety that is 

dependent upon the dynamic relationship between individuals, their behaviours and the 

evaluative situation (e.g., Zeidner, 1998).  

 Bandura (1997) compliments Schunk (1989) and his work that analyses the 

contribution of efficacy beliefs to levels of cognitive performance. Bandura suggests that 

“Children with the same level of cognitive skill development differ in their intellectual 

performances depending on their strength of perceived efficacy”. Bandura (1997, p. 216).  

 In this study, the perceived efficacy is a child’s belief in their capability to achieve 

well in a test situation. Intellectual performance is not measured in this study. Improved 

perceived efficacy may be achieved by delivering an innovative intervention that is aimed at 

increasing self-efficacy in test taking through knowing about the testing effect.  

Sarason (1972) suggested that students who are high in test anxiety are more self-

critical and worried more. Bandura (1997) suggests that students who lack belief in 

themselves need more proximal and frequent feedback of progress and repeated affirmations 

of their progress. It is feasible that repeating ‘your testing routes are well-oiled’, the key 

phrase of the intervention provides such proximal and repeated affirmations of progress.  

2.3.1.1 The Social Learning Model in Test Anxiety. The area of social learning 

theory that focusses on human agency or how an individual influences their thoughts, 

behaviour and motivation is important in understanding academic self-belief. (Smith et al., 

1990). Smith et al., (1990) propose the social learning model as one of three models: 

cognitive attentional, cognitive skills and the social learning model. The social learning 

model in test anxiety (Smith, Arnkoff & Wright, 1990) focusses on a loss of self-control and 

self-esteem and test taking self-efficacy. They discuss the idea of the development of social 

learning theory developing into social cognitive theory (Bandura, 1989) as cognitive 

attentional variables predicted test anxiety and performance in their different models. Smith 

et al. (1990) suggest there is a need for research into the assessment of negative thoughts and 

self-efficacy together as the controlling negative thoughts is a powerful “predictor 

combination” (Smith et al., 1990, p. 319) 

The intervention tries to create a belief in capability in test taking or self-efficacy in 

test taking as described in the social learning model (e.g., Smith et al., 1990) to intervene in 

the self-knowledge beliefs strand of the S-REF (Self-referent Executive Function) test 

anxiety model (Zeidner & Matthews, 2005) and manipulate test anxious thinking, at this 
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point, of the S-REF (Self-referent Executive Function) model (Zeidner& Matthews, 2005) 

before maladaptive coping can set in. Students, who are high in test anxiety, are more likely 

to experience personal, negative, worrisome thoughts (e.g., Sarason, 1972) as they access the 

self-beliefs knowledge strand of the S-REF (Self-referent Executive Function) model 

(Zeidner & Matthews, 2005) and do not have access to effective coping strategies such as 

self-efficacy in test taking. (e.g., Smith et al., 1990)  

If self-efficacy through knowing about the testing effect, can build resilience, strength 

to carry on in extreme adversarial school conditions, (e.g., Putwain et al., 2013) or academic 

buoyancy, everyday school resilience, (Martin & Marsh, 2008) in evaluative situations, 

anxiety may be alleviated for the A state (Spielberger & Vagg, 1995) situation of test anxiety 

and help individuals who suffer A trait (Spielberger & Vagg,1995) anxiety through creating, 

individual and effective cognitive, self-efficacy practices that can be called upon when 

needed. 

2.3.2 Test Anxiety, Uncertain Control, Academic Buoyancy and Well-being 

The idea of uncertain control (e.g., Pekrun, 2006; Putwain & Pescod, 2018) refers to 

the control an individual believes they have in affecting a successful outcome. For the S-REF 

(Self-referent executive function) model of test anxiety (Zeidner &Matthews, 2005), 

uncertain control is a self-belief that contributes to the perception of high stakes’ tests being 

threatening (Putwain & Pescod, 2018). Martin and Marsh (2008) state that uncertain control 

positively correlated with general academic anxiety. Uncertain control means that students 

cannot understand how their actions are linked to outcomes (Martin, 2002; Putwain & 

Pescod, 2018). The intervention in this study focusses on one aspect of an individual’s 

control from the S-REF (Self-referent Executive Function) model’s (Zeidner & Matthews, 

2005) strand of self-knowledge beliefs and that is, self-efficacy in test taking; belief in one’s 

ability to take tests, in the hope of reducing uncertain control by teaching students about the 

testing effect.  

In addition, uncertain control might be reduced if students were allowed some control 

over the material being tested. Zeidner (1998) suggests that when individuals are allowed 

some control over computer assisted instruction, state anxiety is lowered. As a teacher, I have 

used InCAS (Interactive Computerised Assessment Systems) that differentiate the questions 

according to how well a student is achieving but these were low stakes’ tests and did not have 

senior school entrance or scholarships or G.C.S.E. (General Certificate in Education) grade 

predictions dependent upon the outcomes.  
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Teaching students the exam rubric (how papers are set out), taking them to the testing 

room (if possible) and familiarizing students with how examiners mark are some strategies I 

have used as a teacher to try and reduce uncertain control. It is possible that teaching students 

about how the testing effect works, the intervention in this study, may reduce uncertain 

control.  

Putwain and Pescod (2018) propose the idea that there is a need for an increase in 

recognition that test anxiety is associated with poor student well-being and it is not simply 

about test anxiety and performance. The nature of the relationship between test anxiety and 

school well-being is explored further in a more recent paper (Putwain et al., 2021) and the 

results suggest that school-related well-being is negatively related to test anxiety but not the 

other way around.  

Nevertheless, Putwain et al. (2021) conclude that there would be downstream benefits 

to better mental health if test anxiety interventions are used. Steinmayr et al. (2016) state that 

33
rd

 percentile of test anxiety scores can reliably predict clinical anxiety and that the worry 

element of test anxiety negatively predicted life satisfaction. Weems et al. (2009) suggest that 

test anxiety interventions in schools can reduce general anxiety and thereby contribute 

effectively to increasing students’ overall well-being.  

Test anxiety poses a risk to well-being, particularly vulnerable students (Putwain et 

al., 2014). These are the students, who are low in academic buoyancy (Putwain et al., 2014). 

Recently, Putwain et al. (2020) demonstrated that test anxiety is positively correlated to an 

increase in mental health risk and lowers well-being in school. However, Putwain et al. 

(2021) suggest that school-related well-being is negatively related to test anxiety but not the 

other way around.  

These findings illustrate the potential impact of test anxiety to a student’s welfare. If 

left untreated, it may reduce the well-being of students in school (Putwain & Symes, 2018). 

The number of students who are test anxious is worrying and is still not being taken seriously 

enough (Putwain, March 2021, personal communication). 

Steinmayr et al., (2016) discuss the idea that the relationship between test anxiety and 

well-being is not the focus of many studies and that the literature tends to be focused upon 

the test anxiety and academic performance.  

A potential solution to the problem could be found in Weems et al. (2009), who 

suggest using a test anxiety intervention that is administered universally, as was the case in 
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this study, because that may increase general student well-being. On a personal note, I 

suggest another answer may lie in curricula reform and in the way that students are tested 

(see Chapter 10, Reflections)  

Many of Putwain’s studies are with Key Stage 4 students (Year 10 and 11 and 

students are 15-to16- years - old.) The focus is on reducing test anxiety around the high 

stakes’ G.C.S.E. (General Certificate of Secondary Education) tests. Putwain et al. (2013) 

identified resilience as being linked to test anxiety and test performance. The authors call for 

resilience programmes in schools.  

A resilience programme is found in Putwain and Pescod (2018) and the ‘STEPs’ 

(Strategies to tackle exam pressure and stress) intervention for Key Stage 4 (15-to16 year-

olds) students; a successful intervention that combines relaxation, study skills training and 

replacing negative with positive self-talk. Putwain and Pescod (2018) appeal for interventions 

that will reduce anxiety and fear of failure. This call is described as a “pressing need” for 

Year 6 (the ages of the students in this study) in a paper about examination pressures on 

children and young people (Putwain, 2020, p.6).  

Putwain, Daly et al. (2016) discuss the concept of academic buoyancy and its impact 

on test anxious students. They acknowledge the study’s limitations as it largely (like most test 

anxiety research) relies on self-report measures, from which there is a danger of self-

presentation bias. They conclude that training students in academic buoyancy could improve 

the cognitive or worry element in test anxiety. Being self-efficacious in a domain, or aspect 

of school life could contribute towards feelings of academic buoyancy.  

Academic buoyancy is a concept distinct to academic resilience (e.g., Putwain, Daly 

et al., 2016; Martin, 2013). The principle is that academic resilience is the characteristic 

displayed when the academic or school situation demands an extreme form of strength. 

Academic buoyancy is an everyday resilience that is needed by students in schools.  

Putwain, Daly et al. (2015) examined whether students’ academic buoyancy affected 

the negative relationship between cognitive test anxiety and performance in high stakes’ 

exams. The 5Cs’ of academic buoyancy are listed as: confidence (self-efficacy), coordination 

(planning), control (persistence), composure (low anxiety), and commitment (persistence). 

They found that worry predicted a lower G.C.S.E. (General Certificate of Secondary 

Education) mean score and academic buoyancy a higher G.C.S.E. (General Certificate of 

Secondary Education) mean score.  
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To summarise, there is a worrying number of students who are test anxious in schools 

and this state is likely to be linked to their overall well-being. Knowing that test anxiety 

likely impacts upon student well-being means that the focus should be on controlling 

uncertain control and managing perceived control through employing test anxiety 

interventions (and curricula) that promote academic buoyancy and resilience and in creating 

interventions for Year 6 where there is a “pressing need” (Putwain, 2020, p.6).  

2.3.2.1 Coping Strategies. Putwain (2008) discusses the effect of test anxiety on 

performance and questioned why the relationship is not larger (r = - .21). The answer lies in 

how individuals cope.  

Students, who experience test anxiety, need coping strategies. The trait and state 

forms of test anxiety (Spielberger and Vagg, 1995) mean that the distal antecedent of A trait 

anxiety can combine with proximal antecedent of A state to result in an individual, who is 

high in test anxiety. In addition, individuals who are test anxious, are all different. All will 

cope in different ways and some more successfully than others. Students who have general 

(trait) anxiety that manifests as state anxiety in evaluative situations may have more coping 

strategies than someone who suffers with state test anxiety and who does not know how to 

cope with high stakes’ exams. Some examples of negative coping strategies: rumination, 

avoidance, and self-blame (Putwain, 2018). 

One coping process that may alleviate test anxiety may be found in retrieval practice. 

The intervention in this study uses retrieval practice to try and reduce test anxiety but 

deviates from the use of retrieval practice to secure academic, subject content to recall for 

high stakes’ tests and uses retrieval practice to recall the testing effect as a strategy to create 

self-efficacy in test taking for high stakes’ tests. 

Agarwal et al. (2014) report that 72% of middle to high school students felt that 

retrieval practice made them less nervous for tests and exams. Although 19% reported feeling 

greater anxiety as a result of using clicker quizzes. It is possible that retrieval practice about 

the testing effect alongside practice tests may also make students feel less nervous about 

exams. (Barsham & Ellefson, 2020). To my knowledge, these two papers represent the extent 

of the extant literature about using retrieval practice to reduce test anxiety with 10-to11-year-

olds and Agarwal et al., (2014) is with 11-to 16-year-olds so only a percentage of the sample 

is comparable to the U.K. Year 6 (10-to 11-year-olds).  
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Schutz et al. (2008) describe the process of regulating emotions related to testing as a 

fluctuating state that can range from pleasant to unpleasant. They say what is important is 

how students regulate their emotions at these times. They suggest that the emotion of anger 

can protect the test anxious individual. They add that if we try to understand how students 

can control their emotions in tense, evaluative situations then it is easier to help them. The 

need for an individual to feel in control is discussed and a need to keep the exam itself in 

perspective. To view the exam as important but not overly so, in comparison to other aspects 

of life. Schutz et al. (2008) explore the idea of agency that is the extent to which students 

judge themselves as being in control of the evaluative situation. The idea of reducing 

uncertain control (Putwain & Pescod, 2018) and improving perceived control (Putwain & 

Aveyard, 2018) are important ones to the design of the intervention in this study that tried to 

give students more feelings of control about their test taking abilities.  

As per the S-REF (Self-referent Executive Function) model (Zeidner & Matthews, 

2005), an individual will call on their self-knowledge beliefs and make a judgement about 

how suited they are to control the evaluative situation. What follows next is either adaptive or 

maladaptive coping strategies. The judgements that students make about their ability to 

handle the test can emerge before, during and after tests. Test anxiety is likely to occur when 

students feel they have no control. (Zeidner, 1998) Therefore, one way of coping may be 

through receiving a test anxiety intervention that targets control in the self-belief knowledge 

strand of the S-REF (Self-referent executive function) model of test anxiety (Zeidner & 

Matthews, 2005). 

Zeidner and Matthews (2005) refer to performance deficit theories that focus on 

personal characteristics that can lead to elevated and reduced levels of test anxiety. The 

reality, for some individuals, is a miserable mix of negative thoughts in the self-referent state 

causing low self-esteem and often an underestimation of the self. For an individual with low 

self-esteem, coping occurs through rumination or worry, self-depreciations, self-

handicapping as a means of maintaining self-worth, for example not bothering to study and 

extolling this action as an attribute, whereas in reality, it can be masking ability or test 

anxiety.  

Matthews, Hillyard and Campbell (1999) used the S-REF (Self-referent Executive 

Function) model (Zeidner & Matthews, 2005) of test anxiety to look at coping strategies from 

long-term memory. They found that short-term intense distress and worry are generated by 

accessing negative self-beliefs, the middle strand of the S-REF (Self-referent Executive 
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Function) model. It is at this point that individuals may choose unproductive coping 

strategies like self-blame and employ avoidance metacognitive beliefs (e.g., if I worry about 

the exam, it will be all right) that maintain negative self-referent thinking. This strand of the 

S-REF (Self-referent Executive Function) model (Zeidner & Matthews, 2005) has been 

targeted by the intervention in this study so that students can access positive self-beliefs 

rather than negative ones from this place of the test anxiety construct. 

The role of a teacher and the relationship with a student (e.g., Hattie & Yates, 2014) 

may be of key importance in managing test anxiety (e.g., Schutz et al, 2014). Using fear 

appeals appropriately may be a coping strategy. Usually, teachers are held to account for 

their students’ performances in high stakes’ exams and can become tense themselves as the 

exam approaches. Putwain et al. (2016) urge for these claims about exams to be conveyed 

with caution. For students who are low in test anxiety, these fear appeals have shown that 

they encourage the students to make more of an effort but for students, who are high in test 

anxiety, they can make the test anxiety worse. (Putwain et al., 2016). Putwain’s call for 

attributional training for teachers may contribute towards helping students cope in evaluative 

situations. (Putwain & Aveyard, 2018) 

Finally, writing about test anxiety can help students to cope with evaluative situations 

(e.g., Lang and Lang, 2010; McKeachie, 1951; Ramirez & Beilock, 2011). This idea is 

important to this study because the intervention has two writing tasks in it. This idea is 

explored further in Chapter 3.  

2.3.2.2 Perceived Control and Self-Efficacy in Taking Tests. Self-efficacy theory 

(Bandura, 1997) is about an individual’s perception of their capability in managing a 

resulting situation. Zeidner and Matthews (2005) state that self-efficacy is more strongly 

related to successful performance than is self-esteem. Correlations of -.30 to -.66 are recorded 

of the relationship between self-efficacy and anxiety by Schwarzer & Jerusalem (1992). For 

Smith et al. (1990), self-efficacy for test success contributed to the prediction of test anxiety 

ahead of cognitive interference and poor study skills.  

Putwain and Aveyard (2018) discuss the issue of self-beliefs showing a small to 

moderate correlation with exam performance. They state that there are no studies, at the point 

at which the paper was written, that have examined how self-beliefs might interact with 

cognitive test anxiety, to predict exam performance. In this study, the self-belief of self-
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efficacy in test taking has been measured to see how it relates to the worry element or 

cognitive test anxiety, but not in relation to performance. 

Perceived control is how certain a student feels about their ability to perform in an 

evaluative situation (e.g., Putwain & Aveyard, 2018). Perceived control is different to 

uncertain control because a student can see and understand the link between what they do, 

how they approach a test and the outcome (Putwain & Aveyard, 2018). Therefore, it is 

perceived control and uncertain control that the intervention in this study tries to manipulate 

to afford a student more control over their test taking feelings.  

Putwain and Aveyard (2018) propose that perceived control, academic buoyancy, and 

test competence moderate the strength between worry, or cognitive test anxiety and exam 

performance. They examine the relationship between worry and perceived control. As worry, 

or cognitive test anxiety increased, higher perceived control decreased.  

In addition, younger children and girls reported less perceived control. Older children 

have more perceived control than younger children. The regulative effect of control on 

anxiety may be less strong in younger children. (Putwain & Aveyard, 2018). My study may 

be able to add to these ideas about perceived control and worry for this younger age-group 

because the intervention aimed to increase feelings of self-efficacy in test taking to reduce 

worry about taking tests in 10-to 11-year-olds.  

Smith (1989) discusses the desirability of helping people develop a sense of self-

efficacy because self-efficacy is highly correlated to achievement. Self-esteem and self-

efficacy are consistently found to have the strongest relationship with test anxiety (Von der 

Embse et al., 2018) but the authors note that correlation is not causation.  

It is self-belief that is critical to a students’ motivation and resilience. Self-efficacy 

and self-belief are in turn linked to self-regulation, effort, persistence, resilience, academic 

buoyancy, and subsequent achievement. (Bandura, 1997)  

 Schunk and Pajares (2005) discuss the idea of competence perceptions and perceived 

control and propose that people expect success relative to the measure that they feel in 

control of their behaviour. If an individual has a sense of control over the desired outcomes of 

their life, then this control is a key motivator for their behaviour. Moreover, self-efficacy 

beliefs are sensitive to contextual factors and are different to other self-beliefs because they 

are more task and situation specific. Self-efficacy is domain specific (Bandura, 1997). In this 

study, the intervention was designed to try and incorporate the ideas of self-efficacy in test 
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taking being task and situation specific. Teaching students specifically about how the testing 

effect works to allow them to apply this knowledge to evaluative situations tried to give them 

mastery over the domain of self-efficacy in test taking.  

Self-efficacy is generally assessed on a microanalytic level (Schunk & Pajares, 2005). 

This level appears as asking individuals to report the level, generality, and strength of their 

confidence to accomplish a particular task. The design of the questionnaire in this study was 

designed to assess levels of Self-efficacy in Test Taking and tries to follow this microanalytic 

idea but the new measure needs evaluating on another sample.  

2.3.3 Creating a Self-efficacy Measure; the Self-efficacy in Test Taking Instrument 

From the pilot, I was able to conclude that I needed a measure for self-efficacy in 

taking tests at the pre-test and post-test stages to see if the cognitive intervention affects 

feelings of self-efficacy. An original feature of this study is the creation of an instrument 

which measures self-efficacy in test taking in 10-to 11-year-olds. 

I designed the measure using Bandura’s ‘Guide for Constructing Self-efficacy Scales’ 

(Bandura, 2006) and followed the principles outlined below in the construction of this 

measure. The italics represent the thinking behind the examples detailed.  

1. Clear definitions of the activity in the domain of interest. For example, ‘If I find a 

test hard, I keep trying’. Questions focussed on the test taking situation. 

2. Good conceptual analysis of its different facets. For example, ‘I can concentrate in 

tests even if I find them difficult’. Acknowledging the worry aspect and potential off- task 

behaviours, cognitive interference and maladaptive coping which may occur.  

3. Good conceptual analysis of the types of capabilities it calls upon and the range of 

situations in which the capabilities might be applied. For example, ‘If I find a test hard, I feel 

I will not pass’. Almost the opposite of the example given above in 1 -representing the 

different extremes found in individuals who take tests. 

4. Efficacy beliefs differ in level. A four- point Likert type scale was used. Indeed, the 

questionnaire used a very similar Likert type scale as the Children’s Test Anxiety Scale 

measure. This decision was deliberate and aimed to ‘keep it simple’ for the 10-to 11-year-

olds in this study. I did not use a 10-point scale as recommended by Bandura in the guidance 

as I felt it was difficult for this age-group.  

5. I also tried to avoid generality, indefiniteness, ambiguity, and omnibus measures.  
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I did not use the ten- point Likert scale recommendation as my experience as a 

primary school aged teacher suggested a ten-point scale would give the students too many 

options to choose from and may cause some confusion. Instead, I used a similar four-point 

Likert type scale as found in the Children’s Test Anxiety Scale (Wren & Benson, 2004). I 

used my knowledge as a teacher of primary children and drew upon the many conversations I 

have had with students of this age-group about tests to make an accessible and easily 

interpretable questionnaire. In addition, I presented the questionnaire to the INSTRUCT 

(Implementing New Student Thinking Resources Using Cognitive Theory) lab to consult 

some expertise and received feedback about reversing the wording of some of the questions.  

Furthermore, I tried to represent the situational aspect of social cognitive theory, the 

transactional nature of test anxiety by including questions about the instructor and the place 

or classroom where the tests were taking place. (e.g., von der Embse, 2021) However, these 

two questions were the ones that I removed from the questionnaire for the analyses as the 

skew and kurtosis were not at acceptable levels and the exploratory and confirmatory factor 

analyses suggested it would be better to remove these items. (see Chapter 7). Finally, I 

trialled the questionnaire on my Year 6 class before other teachers were given it to use.  

2.3.4 Summary and Next Section 

This section of this chapter has explored how an aspect of social cognitive theory, 

self-efficacy theory and its relationship to academic buoyancy and resilience is potentially a 

key influence in being able to manipulate an individual’s perceived control and reduce 

uncertain control, as they reside in the self-knowledge beliefs strand of the S-REF (self-

referent executive function) model of test anxiety, to reduce worry or the cognitive element 

of test anxiety in evaluative situations. If students had more control over their tests, it is likely 

that state test anxiety would reduce (Zeidner, 1998).  

I have considered some of the vast amount of literature involved in three theoretical 

domains: the cognitive theory of: the testing effect (and desirable difficulties), test anxiety 

and self-efficacy. The emerging principles for my intervention are that using retrieval 

practice of the testing effect itself may give confidence from knowing about the testing effect, 

“your testing routes are well-oiled” to enable self-efficacy in test taking to manipulate the 

middle strand of the transactional S-REF (Self-referent executive function) test anxiety model 

(Zeidner & Matthews, 2005), self-knowledge beliefs, to try and stop test anxiety before it 

starts.  
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In the next chapter, I briefly explain how my intervention has fulfilled the criteria for 

an intervention (Fraser et al., 2009), examine the literature around test anxiety interventions 

and with particular reference to the age-group of this study. The intention is to provide 

context for the reader about the nature and design of the intervention in this study. Although, 

as the design of my intervention has never been tried before with any age-group, there is 

nothing specific in the literature that I can refer to. However, I have examined the test anxiety 

literature for recommendations for future interventions and hope that the reader is able to 

observe how the intervention in this study is contributing to the salient suggestions of several 

authors.  
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3. Intervention 

The intervention that was designed to address the problem of cognitive test anxiety 

was delivered in primary classrooms and used a combination of three theories as the basis for 

its design: the cognitive theory of the testing effect (e.g., Roediger & Karpicke, 2006b), test 

anxiety theory (e.g., Zeidner, 1998) and self-efficacy theory (Bandura, 1997). In this way, the 

intervention contributes to the advancement of theoretical understanding that may be able to 

help the work of others (McKenney & Reeves, 2013) in the field of trying to reduce test 

anxiety in primary aged students through using retrieval practice. (Agarwal et al., 2014) The 

intervention was delivered by primary school teachers and me (as a teacher and researcher) in 

primary classroom settings and is underpinned by theory; such interventions are scarce in the 

literature and in practice (e.g., Putwain, 2020) 

One further idea behind the design of the intervention is outlined by Yeager and 

Walton (2011). The paper is a meta-analysis of social-psychological interventions in 

education and their impact on achievement. They suggest that these types of interventions do 

not have an academic agenda but instead focus upon students’ psychology. The intervention 

in this study may fit into the social-psychological category. Achievement is not measured in 

this study. Yeager and Walton (2011, p.267) caution the reader against finding social-

psychological interventions as ‘magical’ but acknowledge their success as they are able to 

focus on students’ personal feelings and experiences in school in subtle and persuasive ways 

whilst simultaneously conveying psychological ideas. “Well-oiled testing routes” was the 

phrase used in this intervention and may be a persuasive, social-psychological technique.  

The intervention follows the steps suggested by Fraser et al. (2009, p.36) although not 

all of these steps are fully completed at this stage as further refinement may be appropriate 

(see Chapter 10 for the evaluation of the intervention): 1. Specify the problem and develop a 

program theory. The problem is test anxiety, and the program theory is a combination of self-

efficacy, test anxiety and the testing effect theories; 2. Create and revise program material 

(see Appendix A for Questionnaires, Chapter 7 for preliminary analyses of measures and 

Appendix D for the training manual); 3. Refine and confirm program components. This 

refinement was largely done through factor analyses and through consulting the INSTRUCT 

lab (Implementing New Student and Thinking Resources Using Cognitive Theory). The 

evaluation of the intervention in Chapter 10 has further suggestions about this step based on 

teacher feedback about the intervention; 4. Assess effectiveness in a variety of settings and 
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circumstances. There was a pilot and lessons were learned from the pilot so that another, new 

questionnaire was created, and a control group used for the main study, see also the Results 

in Chapter 8 and Discussion in Chapter 9; 5. Disseminate findings and program materials: 

(see page ii) 

This chapter provides an overview of the literature about test anxiety interventions. In 

addition, aspects of design-based theory that were used to create the intervention are also 

explored. The fidelity and validity of my intervention are considered. 

3.1 Test Anxiety and Interventions  

There is a lack of research about test anxiety interventions with 10-to11- year-olds. 

(e.g., Ergene, 2003; Lohbeck, Nitkowski & Petermann, 2016; von der Embse et al., 2013; 

Yeo, Goh & Liem, 2016). There is a need for test anxiety interventions with school aged 

populations (e.g., Putwain & Symes, 2018). Putwain (2020, p.6) refers to a “pressing need” 

for a test anxiety intervention for the primary year group, Year 6 (10-to 11- year-olds). 

Interventions that address the behavioral aspect of test anxiety, like desensitization 

(Ergene, 2003; Hembree,1988; Spielberger et al., 1976; von der Embse et al., 2013) lessen 

test anxiety but do not improve performance. Self-esteem, self-efficacy, and cognitive control 

are key constructs to bear in mind, when designing an intervention. (e.g., Putwain & Pescod, 

2018; Weems et al., 2015). It is a combination of behavioural interventions with cognitive 

intervention and study skills that can improve performance (e.g., Spielberger et al., 1976).  

Test anxiety interventions tend to be rooted in clinical psychology and use forms of 

cognitive behavioural therapy. I think it is worth differentiating what I mean when I refer to 

my intervention as a cognitive intervention. I am not referencing a clinical psychology 

background where a combination of cognition and behaviour therapies are used to treat 

individuals but cognitive psychology where there is less emphasis on an individual and where 

cognitive mechanisms are being examined across the board. In this study, I am looking at 

how our neural architecture (personal communication with Dr. Michelle Ellefson, March 

2021) can be and has been altered by an intervention that uses cognitive theory. It may be 

that by manipulating thinking about self-efficacy in test taking that feelings about self-

efficacy in test taking can be altered.  

Putwain and Aveyard (2018) focus on how three self- beliefs: academic buoyancy, 

perceived control and test competence affect the relationship between worry and test 

performance. The authors conclude that self-belief might alter the problem of cognitive test 
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anxiety and examination performance. Putwain and Aveyard (2018) suggest interventions 

that will reduce worry, the cognitive element of test anxiety, to improve an individual’s belief 

in their self-control are beneficial; one’s ability to manage the evaluative situation.  

Putwain and Pescod (2018) reflect upon the lack of literature for school-based 

interventions in test anxiety, with the exceptions of: Ergene (2003); Von der Embse et al. 

(2013); Weems et al. (2015) and Yeo et al. (2016). Thus, this school-based intervention, 

aimed at 10-to11- year-olds may add to the literature about test anxiety school-based 

interventions for this age-group.  

von der Embse et al. (2013) conducted an analysis of multiple studies to analyse the 

effectiveness of interventions and identified that a combined approach of both behavioural 

and cognitive aspects in test anxiety interventions are more effective. However, this analysis 

was conducted on only ten studies. The authors could only find ten studies that evaluated the 

effectiveness of a test anxiety intervention.  

Weems et al. (2015) examine the longitudinal effects of an intervention in test 

anxiety. They suggest measuring interventions to see if the positive effects that are recorded 

initially, from a test anxiety intervention are maintained. They identify the need for 

longitudinal studies about the effectiveness of test anxiety interventions. They delivered the 

intervention as a universal intervention. The principle is that all students can benefit from 

support. A universal intervention means that individuals are not at any risk of becoming the 

focus of unwarranted attention from peers. The intervention in this study was delivered 

universally. 

In addition, Weems et al. (2015) support the idea of the importance of intervening in 

test anxiety, by applying a universal intervention to improve overall well-being. The authors 

suggest that by lessening the anxiety around evaluative situations, through effective 

interventions, students will achieve more and thus feel more confident about their results and 

thus become more self-efficacious.  
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3.1.1 Intervening in Cognitive Test Anxiety 

Agarwal et al. (2014) state that using retrieval practice with middle and high school 

students made 72% of them feel less anxious about end of unit tests and exams. Retrieval 

practice itself as an intervention. In my study, retrieval practice of retrieval practice (the 

testing effect) was used to try and create feelings of self-efficacy in test taking and because 

retrieval practice has been shown to improve recall for students with low working memory 

(Agarwal et al., 2017), as a teacher, the findings from Agarwal et al. (2014) suggest that my 

intervention would be inclusive for these students.  

Interventions are effective in reducing test anxiety but there is a lack of research into 

the effectiveness of interventions for 10-to 11- year-olds. (Putwain, 2020). There is a lack of 

research into the effectiveness of test anxiety programmes for school aged students. (e.g., 

Ergene, 2003). The evidence base for school-based intervention programmes is extremely 

limited. School-based interventions have the potential to lessen or even prevent educational 

underachievement and the threat to well-being that can be the result for students, who are 

high in test anxiety, as a result of possessing low academic buoyancy, low self-efficacy. 

(Weems et al., 2010, 2015)  

Young et al. (2003) call for the development of intervention approaches based upon 

modification of schema; moderating how students, who are high in test anxiety think.  

Putwain and Aveyard (2018) suggest that interventions may not necessarily improve 

exam performance unless they also improve control. Interventions need to focus on reducing 

the worry or cognitive element of test anxiety to increase perceived control. Putwain and 

Aveyard (2018) propose that teachers, educators should be trained in attributional training so 

that they can manage student responses to the causes of success or failure. The authors 

suggest that teachers could play a pivotal role in the management of test anxiety. It is my 

opinion that the relationship between a teacher and student (e.g., Hattie & Yates, 2014) is one 

that could mitigate against test anxiety in schools.  

3.1.1.1. Individual Interventions Pintado and LLamazares (2016) suggest creating 

individual interventions to address the individual needs of students’ levels of test anxiety. As 

a teacher, I support this idea but wonder about the difficulty in implementing individual 

interventions in a busy, classroom environment and also in the respect of fulfilling stringent 

exam board regulations that are in place to ensure equality of opportunity. 
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Birenbaum and Nasser (1994) state that individuals with high and low achievement 

abilities need to be treated differently in terms of intervention. Students, who are highly 

anxious and high achieving need test taking skills, whereas students, who are highly anxious, 

and low achieving students would benefit more from training in effective learning strategies. 

Both groups benefit from cognitive coping techniques, but they need to be different; 

differentiated training in test taking skills.  

There is evidence of students, who are high in test anxiety, performing better under 

relaxed conditions and students, who are low in test anxiety, benefiting from conditions that 

cause some test anxiety (Wong, 2008). As a teacher, I think that the reality of being able to 

provide this environment in the real life setting of a classroom or exam room for a high 

stakes’ test could be difficult to achieve. Whilst the idea would likely benefit the students, the 

idea of being able to differentiate high stakes’ test instructions goes against the equality of 

provision that is needed for administering an exam. 

However, some students, with individual needs do receive different support and 

access arrangements for exams. For example, extra time can be awarded or the support of a 

reader or scribe. Some students with general and test anxiety do have different access 

arrangements for high stakes’ tests. A potential problem is that for some students test anxiety 

is a state (Spielberger & Vagg, 1995) that happens as a result of the knowledge of the test and 

thus may not be diagnosed and catered for ahead of the test itself. This is one reason why, in 

my opinion, universal interventions are a good way to manage test anxiety. Alternatively, an 

effective means of diagnosing test anxiety is needed (Putwain et al., 2020; von der Embse et 

al., 2020) so that appropriate arrangements can be made for taking high stakes’ tests.  

3.1.2 Writing About Test Anxiety 

Ramirez and Beilock (2001) found that writing about testing worries boosts exam 

performance in the classroom. A similar idea was discussed by Spielberger and Vagg (1995) 

with reference to the work of McKeachie (1951). McKeachie (1951) found that anxious 

students achieved more on multiple choice questions, taken in exams, if they could write 

comments about the questions. McKeachie (1951) described the opportunity as being able to 

lose or direct some of the tensions created by tests. 

Yeager et al. (2013) use the idea of the brain’s plasticity and malleability to promote 

Growth Mindset about issues such as bullying and aggression in 14-to 16- year-olds. In this 
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study, the students complete a writing assignment that emphasizes using positive coping 

skills and avoiding negative coping skills. 

Lang and Lang (2010) suggest that students, who wrote down thoughts about being 

competent or self-efficacious in the situation, lessened the association between test anxiety 

and test performance by increasing the performance of test anxious students. However, for 

students, who were low in test anxiety, the same activity lowered their performance. 

Writing about the testing effect in a ‘Letter to Bob’ to allay Bob’s fears about the way 

students learn and writing a letter to a friend to give advice when they are worried about 

taking tests are writing activities in the intervention in my study. 

3.1.3 Controlling Control for Self-efficacy in Test Taking and Well-being 

Putwain and Pescod (2018) suggest that uncertain control is a plausible mediator in 

the test anxiety construct and the analysis of mediators can help the researcher understand 

why and how interventions work. It is these states of uncertain control (Putwain & Pescod, 

2018) and perceived control (Putwain & Aveyard, 2018) that the intervention in this study 

was designed to mediate by providing more control over the self-belief of self-efficacy in test 

taking.  

The intervention was designed to teach students about the testing effect to give them 

the ‘why’ testing works. Giving students the ‘why’ gives them more control and students who 

have high control should have access to more positive self-beliefs and therefore lower worry 

or cognitive test anxiety (Putwain, 2018; Putwain & Aveyard, 2018). 

Putwain, Daly et al. (2016) discuss the relationship between students’ self-report 

levels of test anxiety and academic buoyancy and suggest that providing in school training in 

task focus and orientation would help with coping processes. The authors suggest training 

students in the 5Cs of academic buoyancy: confidence, coordination, control, composure, and 

commitment. They provide a mechanism: through individualising work, setting goals, using 

feedback to reinforce the link between effort and academic outcomes and suggest that this 

mechanism will help students to manage academic pressures and may help to lessen test 

anxiety. 

Martin et al. (2010) conducted an experiment about the longitudinal modelling of 

academic buoyancy. They conclude that interventions designed for students’ academic 

buoyancy should target students’ self-efficacy. Self-efficacy in test taking is the target of the 

intervention in my study. 
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Steinmeyr et al. (2016) suggest that test anxiety interventions that focus on the worry 

element of test anxiety may have a positive effect on a students’ subjective well-being. They 

suggest that strategies for overcoming test anxiety need to focus on reducing the risk factors 

for developing test anxiety in the first instance. The design of the intervention in my study 

aimed to reduce risk factors by using retrieval practice in the lead up to high stakes’ tests to 

teach the testing effect to encourage self-efficacy in test taking. 

Weems et al. (2010) call for interventions that can benefit the well-being of the whole 

school population and feel that an intervention designed to reduce test anxiety may almost 

inadvertently contribute to overall student well-being in school.  

Recently, Putwain, Gallard et al. (2021) found that school-related well-being is 

negatively related to subsequent test anxiety but not vice versa. They suggest that more 

studies are needed to explore the relationship between test anxiety and students’ well-being.   

3.1.4 The Design of My Intervention 

The intervention in this study used retrieval practice of the testing effect to try and 

improve self-efficacy in test taking to reduce worry. The design of the intervention seeks to 

manipulate the self- knowledge beliefs strand of the S-REF (self-referent executive function) 

model of test anxiety (Zeidner & Matthews, 2005) to alter an individual’s perceived control 

(Putwain & Symes, 2018) and reduce uncertain control (Putwain & Pescod, 2018) about 

taking tests. The focus was on worry only, the cognitive element of test anxiety and thus only 

cognitive strategies were used in the intervention to try and alter feelings and behaviours 

about test taking.  

The literature review suggested that writing about tests can help with test anxiety 

(Lang & Lang, 2010; McKeachie, 1951; Ramirez & Beilock, 2001). Two weeks of the six-

week intervention in this study are devoted to writing. Firstly, there is the letter to Bob Bjork 

explaining what has been learned about the testing effect. The idea of recalling and writing 

this knowledge is effectively practising retrieval practice about retrieval practice.  

A second task involves writing a letter to a peer who has said they are feeling anxious 

about a test. The idea is to use the strong, peer associations which can form at around this age 

to promote positive thinking about test taking and to use the knowledge gained from the 

cognitive intervention of the testing effect to reassure an anxious friend. For examples of the 

writing tasks (see Appendix D) 
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The idea of improving well-being, from an intervention, for the whole school 

population (e.g., Weems et al., 2010) is important in this study but well-being is not 

measured specifically. Steinmeyr et al. (2016) suggest that a focus on the risk factors to avoid 

the onset of test anxiety is the best solution for improved student well-being. The design of 

the intervention in this study aimed to avoid debilitating test anxiety by using retrieval 

practice in the lead up to high stakes’ tests to teach the testing effect to encourage self-

efficacy in test taking. In addition, the intervention was delivered universally. It was practical 

and inclusive and may have improved students’ general well-being (e.g., Weems et al., 2010). 

The intervention in this study is not curriculum subject specific but can be used in any 

lesson and at any point, prior to high stakes’ testing. It is easy to deliver and designed by a 

classroom teacher.  

3.2 Design-Based Theory - Intervention 

Anderson and Shattuck (2012) suggest that the design of an intervention is key to the 

quality of results. Aspects of design-based research are a model for this study (e.g., Anderson 

& Shattuck, 2012; Cobb et al., 2003; McKenney & Reeves, 2013). Aspects of design-based 

research in this study include: 1. The research was situated in a real educational context, the 

messy setting of primary classrooms (e.g., McKenney & Reeves, 2013); 2. The study 

includes the design and testing of an intervention to address a problem in practice, a real 

world intervention (e.g., McKenney & Reeves, 2013); 3. The intervention could be easily 

administered in any classroom by any adult (e.g., Ann Brown, 1992); 4. There is an empirical 

investigation yielding theoretical understanding, theory building and practical applications 

that can inform the work of others (e.g., McKenney & Reeves, 2013). I have tried to be 

pragmatic and theoretical in the design of my intervention. (e.g., Cobb et al., 2003) and these 

aspects I have listed are not exhaustive of the literature. 

These principles of the design-based experiment are added to by Cohen et al. (2017) 

with additional emphasis on the pedagogical goal to be investigated and reference to the 

factors that may inhibit or enhance the effectiveness. They also suggest that data collection 

uses multiple methods and is iterative and that the intervention is adapted to appeal to all 

stakeholders. In addition, Cobb et al. (2003, p.9) refer to the “learning ecology” of a design 

experiment and the “crucibles for the generation and testing of theory”. The extent to which I 

have been able to manage these principles is evaluated in Chapter 10. 
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McKenney and Reeves (2013) suggest that the intervention needs to be designed and 

tested using a mixed methods approach and with multiple iterations. In this study, there is 

some feedback (see Appendix D) to ascertain the effectiveness of the intervention in the form 

of teacher and pupil questionnaires that were completed after the delivery of the intervention. 

The implementation of the intervention in this study is reviewed in Chapter 10. 

The teacher and pupil questionnaires that ask for feedback from the intervention 

reinforce the idea of the researcher / practitioner relationship and supports the idea of 

establishing fidelity of the intervention (e.g., Cobb et al., 2003; Murphy & Gutman, 2012).  

The design of this study is different to action research because of its emphasis on 

theory to create the intervention (Cobb et al., 2003). The design of the intervention, in this 

study is the combination of three theories: the cognitive theory of the testing effect (e.g., 

Roediger & Karpicke, 2006b), test anxiety theory (e.g., Zeidner,1998) and self-efficacy 

theory (Bandura, 1997). It is the combination of these three theories that do real work (Cobb 

et al., 2003, p.10).  

 The experiment is designed to address the problem of test anxiety that is both 

scientifically and practically important in school evaluative situations. This study 

demonstrates how the cognitive theory of the desirable difficulty, the testing effect, (Bjork, 

1975) can be used in a primary classroom to try and increase feelings of self-efficacy and 

potentially reduce test anxiety in 10-to 11-year-olds.  

Table 3.1 summarises how the intervention in this study meets the elements of design-

based theory.  
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Table 3.1  

Meeting Design-Based Theory (Mckenney & Reeves, 2013) 

Design Based Theory                                                                   This Study 

 

1. The creation of an intervention to 

promote learning goals in the primary 

classroom. 

1. The learning goals are learning 

how the testing effect works and 

gaining self-efficacy in test 

taking from this knowledge 

(Bjork, 1975). 

2. The development of a theory to explain 

how the intervention supported the 

learning goal; advancement of 

theoretical agenda (Barab & Squire, 

2004) 

2. The theory that is being 

developed is that teaching 

primary aged students about the 

testing effect (Bjork, 1975) 

increases feelings of self-

efficacy and reduces the 

cognitive or worry element of 

the test anxiety construct. Using 

the combination of self-efficacy 

theory, test anxiety theory and 

the testing effect theory. 

3. Is the intervention something that would 

not be seen in the typical primary 

classroom? 

3. It is not common practice in 

schools to teach cognition of the 

testing effect (Bjork, 1975) to 

help students cope with 

evaluative situations. 

4. The concept of the messy setting; actual 

primary classrooms. 

4. Actual, messy primary school 

classrooms. (Barab & Squire, 

2004) 
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3.2.1 Fidelity of Implementation 

Fidelity of implementation is important. It means the extent to which teachers in this 

study implemented the intervention, as I intended (e.g., Dusenbury et al., 2003; McIntyre et 

al., 2007). Dusenbury et al. (2003) refer to a broad set of fidelity definitions. Furthermore, 

fidelity of implementation may help in the achievement of improved outcomes and give 

confidence in attributing the outcomes of the intervention. (Caroll et al., 2007). Table 3.2 

represents the requirements and the steps I took to fulfil them. 

 
Table 3.2  

Fidelity of Implementation, Dusenbury et al., (2003) 

           Fidelity Measure                                                           This Study 

 

Adherence to the programme Teacher’s Manual / Teacher Questionnaire 

The amount of programme delivered Teacher Question ‘Which Cognitive 

Worksheets Did You Use?’ 

Quality of programme delivery Opinions invited for improvements and 

specific questions relating to the 

worksheets. 

Participant responsiveness Questions about the students’ participation 

and understanding. 

Programme differentiation First three questions on the teacher 

questionnaire focus on the testing effect. 

 

 

Increasing treatment fidelity is an important consideration. Hulleman and Cordray 

(2009) examined the difference in effectiveness between field and laboratory experiments 

concluding that laboratory experiments are more effective. One of the main reasons is 

attributed to the teachers in a classroom. For example, if the students are not given the correct 

materials, then student responses could be skewed. 

In this study, one school did not include the student responses about the intervention, 

but I have controlled for this eventuality as both the student and the teacher questionnaires 

elicit the same information. For example, students were asked ‘Were you able to use any of 

the strategies we have been discussing?’ and teachers were asked ‘Have the children 
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understood the testing effect? Furthermore, I was able to deliver the intervention myself to 

two classes.  

I designed the intervention to incorporate Detrich’s (1999) most salient contextual 

variables. (see Table 3.3). In addition, Caroll et al. (2007) developed a new conceptual 

framework that is measured empirically for understanding and measuring the process of 

intervention implementation. They conclude that this framework provides a means of 

measuring this variable. The authors have built on the five variables for fidelity of 

implementation proposed by Dusenbury et al. (2003). (see Table 3.4) 
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Table 3.3 

Detrich (1999) Contextual Variables 

           Contextual Variable                                                           This Study 

 

Characteristics of the Child • Pilot tested two questionnaires about          

Children’s Test Anxiety to see what 

worked in the classroom. 

• Researcher changed the word 

anxiety to attitude and other 

American style words into U.K. 

English e.g., poorly, which can mean 

unwell in the U.K. to badly. 

 

Resources required by the intervention 

 

• Simple photocopying and 

administrative costs (Albin et al., 

1996) offer of reimbursement.  

• Resources that are typically 

available (Wacker et al., 1990) 

 

Similarity of Recommended Intervention 

with Current Practices.  

 

• Practices in the classroom define a 

culture. (Albin et al., 1996)  

• The intervention was in the form of 

worksheets that the teacher could 

hand out as homework or discuss.  

• Homework is a usual routine. 

However, the worksheets were not 

marked as I could not increase 

teacher workload. The worksheets 

were meant to act as a discussion 

point.  

 

Classroom cultures 

 

• The intervention was designed to be 

easily deliverable and used 

discussion as its medium.  

• The Teacher’s Manual 

recommended short, easily available 

resources for teachers to access if 

they needed further information such 

as Bob Bjork’s video and I was ever 

present throughout by email, phone. 

• Two of the teachers had experience 

in delivering interventions before. 

Shapiro (1996) 
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Table 3.4 

Caroll et al. (2007) Conceptual Framework 

       Elements of Implementation Fidelity                           This Study 

 
Adherence - Content • Clearly defined.  

• All questionnaires and worksheets 
provided.  

• Simple instructions provided.  
• Teacher and student questionnaires 

provide feedback. 
 
Coverage 

 
• Teacher questionnaire gauges how 

much of the intervention was covered. 
 
Frequency 

 
• Once a week for fifteen to twenty 

minutes. 
 
Duration 

 
• Six weeks plus pre and post-test 

questionnaires and teacher and student 
feedback. 

 
Moderators – Intervention Complexity 

 
• Simple to deliver.  
• Some basic understanding needed. 

Resources provided for this.  
 
Facilitation Strategies 

 
• Is everyone receiving the same training 

and support? (Caroll et al., 2007). The 
Teachers’ Manual was given to 
everyone.  

• I met with the teachers or headteachers 
in the schools. I communicated 
regularly with the teachers via email.  

• Teachers’ responses encouraged; 
chance to make a difference.  

• Analysis of data provided where 
desired. 

 
Quality of Delivery 

 
• Researcher worked with all teachers and 

provided regular contact, opportunities 
for discussion.  

• Difficult to measure. 
 
Participant Responsiveness 

 
• This age-group, students tend to be 

keen.  
• Small gifts were offered if teachers 

thought it was appropriate.  
• These responses will depend upon 

teacher take up of the intervention too. 
In my experience, children of this age 
tend to value their teachers.  

• Student questionnaire provided but 
could be done individually or through a 
conversation with the teacher. Only one 
school did the questionnaires 
individually, the rest sent in notes that 
were summarized by the teacher. 
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As this experiment was a design-based theory experiment that was delivered in the 

field and conducted in primary classrooms and not conducted in laboratory conditions, it is 

important that the existence of extraneous variables is considered: participant factors, 

intervention factors and situational factors. (Cohen et al., 2017). 

In this study, to try and manage the participant, intervention and situational factors, a 

manual (see Appendix B) was created and given to all the teachers who delivered the 

intervention. I included instructions for the administration and the rationale behind the study. 

I did emphasise one key point in the guidance. 

‘You must make the link between what you are doing in class (practising tests) and 

the cognition of the testing effect. My phrase is ‘your testing routes are well oiled 

now’ in preparation for the tests’ 

As a teacher I know that schools are real world places and students are all individual. 

I have always loved my job as a teacher for the reason that no two days are the same. As 

such, I am aware that I could not control for every potential variable that may have occurred 

during the administration of the intervention.  

I tried to ensure the conditions and delivery of the intervention were uniform. I was 

not able to deliver the intervention to all of the schools myself. Therefore, there could be a 

variation in how the intervention was delivered. 

Post-positivism is the context of my educational research and I acknowledge the 

probabilistic and changing nature of the world (Cohen et al., 2017). As such, I acknowledge 

too, the bias that I may have as a researcher for the two groups, where I delivered the 

intervention. To measure this possible effect, I compared the schools where I had delivered 

the intervention with similar schools where the intervention was delivered by another teacher. 

(see Research Question 4). In addition, Appendix D details the feedback that I received from 

teachers and students from the different schools involved in the intervention. These results 

provide valuable feedback from professional colleagues and student voices and as such are of 

the utmost importance to me as both a teacher and researcher.  

The schools that I approached were given a choice about whether to conduct the 

intervention or just to complete the questionnaires or to not participate. For some schools, 

completing the questionnaires was preferred and then, the intervention was offered later. 

Goldacre (2013) discusses the myths around randomized control trials in schools and 

concludes that they are ethically acceptable. This option is necessary because an intervention 
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may not benefit students. It might not work. Although, I am not using a randomized control 

trial, I have been able to offer an option to schools and the benefit of adopting the 

intervention for the following year is that the results will be known. 

 There were nine schools in total, two of which were used over different years, 

creating a total of 11 groups. For the schools that participated in consecutive years, they were 

in the intervention group the first year and the control group the second year, so with 

different participants and always Year 6.  

3.2.1.1 Internal Validity. The design of the quasi, field type, experiment is a pre-test, 

post-test, control group design and this design controls for the effects of history, maturation, 

testing, instrumentation, and experimental mortality because there is a control group 

(Mertens, 2015). All the schools were in different regions and none of the schools were aware 

of each other, so I was able to avoid any inter group comparisons. Field and Hole (2003) 

suggest various threats to internal validity.  

3.2.1.2 External and Ecological Validity. Tables 3.5 and 3.6 show how I have tried 

to minimize threats to external validity and Table 3.7 shows how I have tried to fulfil the 

criteria for Bracht and Glass’s (1968) ecological validity. 

 

Table 3.5 

Field and Hole (2003) Threats to and Management of External Validity 

Threat                                                                   This Study 

 

Over-use of special participant groups There is no extant research about using the 

testing effect to increase test taking self-

efficacy to reduce test anxiety in 10-to 11-

year-olds. 

Restricted numbers of participants. GPower*3.1 was used to establish power. 
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Table 3.6 

Field and Hole (2003) Threats to and Management of Internal Validity  

Threat                                                                   This Study 

 

Group threats • All participants are in Year 6 and aged 
between 10-to 11-years-old. 

• Intervention groups, all students 
attended independent or private school-
similar financial backgrounds. 

 
Regression to the Mean 

 
• Participants with high overall scores 

were included in a separate analysis. 
 
Time threats 

 
• Timings designed to fit around the key 

testing phases in the schools. 
 
History 

 
• Pre-test questionnaires were taken 

weeks in advance of any high stakes’ 
tests.  

• Post-test questionnaires were taken as 
soon as possible after the high stakes’ 
test resulting in varied post-test 
timepoints. 

 
Maturation 

 
• The pre-test and post-test measures 

were taken within a 5-month 
framework. 

 
Instrument change 

 
• Adapted version of a reliable measure 

used (Children’s Test Anxiety Scale, 
Wren & Benson, 2004) and exploratory 
and confirmatory factor analysis and 
measurement invariance on the adapted 
instrument conducted. 

• New instrument for measuring self-
efficacy in test taking - exploratory and 
confirmatory factor analysis and 
measurement invariance.  

 
Differential Mortality 

 
• Given the age of the students, there was 

no ‘drop out’ rate  
• Students completed the pre and post-

tests and intervention in school. 
 
Reactivity and experimenter effects 

 
• ANOVA to test for experimenter bias  
• The word ‘anxiety’ was changed to 

attitude in the questionnaire.  
• Different questionnaire tried with the 

same age-group in the pilot. 
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Table 3.7 

Bracht and Glass Ecological Validity (1968)  

     Bracht and Glass Ecological Validity                            This Study 

 
Explicit Description of Experimental Treatment • Teacher Manual (Appendix B) 
 
Multiple-Treatment Interference 

 
• Only one intervention was available. 

 
The Hawthorne Effect – (just taking part in a 
study makes one feel special) 

 
• Delivery of the pre-test questionnaires 

weeks in advance of the high stakes’ 
tests but post-test could be an issue.  

 
Novelty and Disruption Effects 

 
• New treatment - may have produced 

positive results because it is novel - not 
have produced positive results because it 
has not been assimilated into a system 
yet.  

 
Experimenter Effect 

 
• An analysis was run between my groups 

and other groups in the intervention 
group to examine this effect-Research 
Question 4. 

 
Pre-test Sensitization 

 
• Pre-test questionnaires were taken weeks 

ahead of the high stakes’ tests to avoid 
any sense of priming of test anxiety. 

 
Post-test Sensitization 

 
• This aspect is difficult to gauge. Post-

tests were mainly completed within a 
week of finishing all the high stakes’ 
tests, but the timing was different for 
different schools. 

 
Interaction of History and Treatment Effects 

 
• Contextual factors cannot be replicated 

from school to school – this aspect is the 
nature of classroom research. 

 
Measurement of the Dependent Variable 

 
• Instruments of measure and how they 

were used to measure are detailed in the 
thesis.  

• A tried and tested measure for test 
anxiety was used (Wren & Benson, 
2014) but adapted. 

• New instrument created to measure Self-
efficacy in Test Taking. Exploratory and 
Confirmatory factor analyses defined the 
sub-scales for measurement and their 
validity established. One limitation is 
that the new and adapted instruments 
have not been tested on a validation 
sample. Measurement invariance was 
conducted for all subscales used in all 
conditions.  

 
Interaction of Time of Measurement and 
Treatment Effects 

 
• The timing of the post-test may 

influence results.  
• Teachers asked to complete the post-test 

within a week of the last high stakes’ 
test but this varied. In the schools where 
I was the teacher/researcher the post-test 
was taken directly after the high stakes’ 
test on one occasion and within two days 
on the other occasion.  
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3.2.2. Effectiveness and Efficacy 

This study was neither an effectiveness nor an efficacy trial (e.g., Flay, 1986; 

Marchand et al., 2011). Singal et al. (2014) suggest that efficacy trials can be defined by 

delivery of an intervention under ideal and controlled circumstances (providers identify a 

target population, recommend the intervention and that participants accept and adhere to the 

intervention). The Teacher’s Manual (Appendix B) aims to mitigate any extreme deviations 

from the administration of the intervention but as had already been discussed, field 

experiments in education can include many extraneous variables (Cohen et al., 2017). 

Effectiveness trials refer to the performance of an intervention under real world conditions 

(Singal et al., 2014). Effectiveness trials account for factors that may moderate an 

intervention’s effect. (Singal et al., 2014)  

I like the way that Singal et al. (2014) refer to the differences between effectiveness 

and efficacy trials as being a continuum rather than a dichotomy. An efficacy study 

maximises the likelihood of observing an effect from the intervention if there is one but as 

noted above the idea of an efficacy trial is difficult to manifest in reality. In this study, I 

sought to control as many variables as I could. I tried to lead with a sense of efficacy but as a 

teacher, I was only too aware that efficacy can be compromised in a myriad of ways, on any 

day and in any classroom environment.  

The extent to which the findings from a study can be applied to another is called 

generalizability (e.g., Field & Hole, 2003; Mertens, 2015). The best measure of 

generalizability is empirical testing. (Field & Hole, 2003). I pre-registered this study on the 

OSF (Open Science Framework, https://osf.io/j4dn2/) and uploaded the two main data sets to 

be open and transparent. (e.g., Anderson et al., 2019; Chambers, 2017; Gonzales & 

Cunningham, 2015) The cognitive element of worry from the test anxiety construct and self-

efficacy in test taking were measured empirically.  

3.2.3 The Delivery of My Intervention 

The delivery of the intervention was timed to coincide with a time when students 

were completing practice tests in the classroom in preparation for high stakes’ tests. The 

intervention was delivered over six weeks with approximately fifteen to twenty minutes of 

any lesson at any point of the week taken for a discussion about the testing effect. Students 

were given the worksheets as homework and could complete them if they wished. It was not 

mandatory, but I asked teachers to encourage students to look and read through the 
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worksheets. The idea was that if they did not understand any of the ideas or words, they could 

ask in the next lesson in the time given to the discussion. 

Each week recall of the testing effect was done through discussing the ideas on the 

worksheets and students’ ideas about these. There was no marking (grading) involved. 

Simultaneously, due to the nature of the high stakes’ tests, the students were completing 

practice tests, in class, in preparation for the highly evaluative situations they were about to 

encounter. These tests were in Math, English, Spelling, Punctuation and Grammar for 

Standard Attainment Tests (schools) and Math, English, Verbal and / or Non-verbal 

Reasoning for other schools. I emphasized one key phrase to the teachers, who were 

delivering the intervention to say to the students and that was ‘your testing routes are well-

oiled’. (see Table 3.8) 

3.2.4 A Mini Summary of the Intervention   

Table 3.8 

Mini Summary of the Intervention 

Week                                                                          Activity 

 

Week 1 Cognition Worksheet 1. Introduction to the characters Roddy (Henry 

Roediger) and Jeffrey (Karpicke), and Bob (Bjork). Students invited to think 

what ‘Test Enhanced Learning – Taking Memory Tests Improves Long 

Term Retention’ might mean and also read some short paragraphs about 

repeated studying vs testing and were asked which was more effective and 

encouraged to summarise what they had read. 

Week 2 Introduction to other desirable difficulties of spacing and interleaving and 

then back to the testing effect and asked to say which they thought was more 

effective “study, study, study, test” or “study, test, test, test”?  

Week 3 Recall of previous x2 weeks learning -simply, what could be remembered? 

Week 4 Letter to Bob Bjork in response to his letter expressing concern about how 

students learn. 

Week 5 Carol Dweck ‘Not Yet’ video and summary of main messages. 

Week 6 Letter of advice to an anxious friend who is worried about an exam. 

Students are reminded that the friend has also learned about testing. 
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Note. The cognitive scientists were introduced as if they were characters in a story so that the 

10-to 11- year-olds would engage more with the material 

The next chapter details the Research Questions. Chapter 5 is the pilot study. Chapter 

6 describes the method for the main study. In chapter 7, I explain the preliminary analyses I 

conducted to establish the subscales for measurement for both questionnaires, the Children’s 

Test Anxiety Scale (Wren & Benson, 2004) and the Self-efficacy in Test Taking 

questionnaire. In addition, I explore the assumptions needed for further analyses. The results 

of these are presented in Chapter 8 and then discussed and evaluated in Chapters 9 and 10. 

The implementation of the intervention is evaluated in Chapter 10.  
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4. Research Questions 

I have used the extensive research about the robustness of the testing effect (e.g., 

Chan, McDermott & Roediger, 2006; Roediger & Karpicke, 2006a, 2006b), test anxiety 

theory (e.g., Zeidner, 1998) and self-efficacy theory (Bandura, 1997) to create an intervention 

that is easily administered by a classroom teacher in short, weekly sessions over a period of 

six weeks that uses retrieval practice to teach the testing effect to 10-to 11-year-olds to try 

and increase self-efficacy in test taking and reduce worry about taking tests. The intervention 

and its implementation are evaluated in Chapter 10. 

4.1 The Research Questions 

There is a cognitive or worry element to test anxiety that was identified by Liebert & 

Morris (1967) and this is the element of test anxiety targeted by the intervention. The testing 

effect (e.g., Bjork, 1975; Karpicke & Roediger, 2008) has shown that “study, test, test, test” 

results in more effective retention of knowledge in the memory than “study, study, study, 

test” or “study, test, study, test” (Roediger & Karpicke, 2006 b). Students often misjudge 

what they know. These misconceptions can result in their mismanaging their learning and 

they would therefore benefit from knowing more about learning to learn. (Bjork et al., 2013). 

In this case, the students are taught about the testing effect at the same time as they were 

taking high stakes tests.  

Test anxiety is a transactional construct dependent upon many proximal and distal 

factors (Zeidner, 1998) and will affect individuals differently depending upon A state or A 

trait (Spielberger & Vagg, 1995) types of test anxiety experienced. The S-REF (Self-referent 

executive function) model of test anxiety (Zeidner & Matthews, 2005) proposes three 

interactional areas of test anxiety (see Figure 4.1) 
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Figure 4.1 

The S-REF Model - Self-referent Executive Function (Zeidner & Matthews, 2005) 

 

 

It is the self-knowledge beliefs strand of the model that the intervention targeted in 

the hope that test anxiety was managed before it became a debilitating feature of the 

evaluative situation. The impact of the intervention was measured by the Research Questions.  

Research Question 1: Does the intervention that uses retrieval practice to teach 

the testing effect reduce feelings of worry in 10-to11-year-olds? 

I used an adapted version of the thoughts’ subscale from the Children’s Test Anxiety 

Scale (Wren & Benson, 2004) to measure the cognitive or worry aspect of test anxiety at pre 

and post-test timepoints. I adapted this measure to try and reflect changes in the test anxiety 

construct that suggest it is a multi-dimensional construct. (Putwain et al., 2020; von der 

Embse et al., 2021). There is a lack of research into test anxiety in 10-to 11-year-olds (e.g., 

Putwain, 2020) and research into using retrieval practice to manage test anxiety with this age-

group is scarce (Agarwal et al., 2014; Barsham & Ellefson, 2020).  

There are some notable exceptions to the general lack of research into test anxiety of 

this age-group and they are the meta-analyses about test anxiety interventions: Ergene 

(2003); Von der Embse et al. (2013); Weems et al. (2015) and Yeo et al. (2016). All of these 

authors have concluded that a variety of behavioural, cognitive and study skills interventions 

in test anxiety for elementary or primary aged students are effective. This study has focused 

on one element only, the cognitive element of worry. 

As a classroom practitioner, I know that no two classrooms are the same and that the 

nature of a school-based intervention needs to be flexible, easy to administer and ideally, 

1.Executive Processing
Planning and working 

out of tasks by the brain.

2. Self-knowledge 
Beliefs

Knowledge about one's 
own learning, beliefs in 

capability

3. Maladaptive 
Interaction with the  

Situation
The testing room, 

previous experiences, the 
examiner.
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require minimal input from a teacher. The intervention uses retrieval practice as the method 

of learning about the testing effect; the testing effect on the testing effect and its effects on 

increasing self-efficacy and reducing test anxiety are measured. To my knowledge this 

concept has not been researched before and with this age-group. The intervention and its 

implementation are evaluated in Chapter 10. 

I expected to see a reduction in the mean value on the Adapted Thoughts’ subscale of 

the Children’s Test Anxiety Scale for the intervention group. The children learn about “study, 

test, test, test” of the testing effect in the intervention. They are told that their ‘testing routes 

are well-oiled’. I expected that this cognitive knowledge would give a sense of mastery of 

self-efficacy in test taking to reduce uncertain control (Putwain & Pescod, 2018) and 

contribute towards perceived control (Putwain & Aveyard, 2018) to reduce worry. I thought 

that the result may be varied with the individual depending upon the A state or A trait nature 

(Spielberger & Vagg, 1995) of test anxiety.  

Research Question 2a: Does the intervention increase feelings of self-efficacy in 

test taking in 10-to-11-year-olds? 

The new instrument of Self-efficacy in Test Taking used to answer this research 

question is an original feature of this study and may add to the literature around the idea of 

increasing self-control in test taking by controlling the worry element of test anxiety (Putwain 

& Pescod, 2018) because it is a new measure that has been tried with 10-to 11-year-olds. 

 The aim is to equip students with mastery of belief in their test taking capabilities; 

belief in capability being a fundamental principle of Bandura’s (1997) definition of self-

efficacy and this case, is domain specific, to test taking, to combat anxiety in evaluative 

situations.  

Self-efficacy theory (Bandura, 1997) shows that belief in capability improves 

performance, regardless of actual ability. Putwain and Pescod (2018) contribute to the 

evidence for school - based interventions being effective in reducing test anxiety through 

their experiment that explores whether a student’s sense of being in control reduces test 

anxiety. Putwain and Aveyard (2018) link perceived control to the relationship between 

worry and performance and ask for interventions that focus on reducing worry and increasing 

perceived control. 

As a teacher I have seen what happens to students who become anxious about taking 

tests. I witnessed a student, who was high in trait anxiety simply ‘meltdown’ in a mock, high 
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stakes’ test. It was the S-REF (Self-referent Executive Function) model of test anxiety 

proposed by Zeidner and Matthews (2005), that was used as a target model for the 

intervention. From this model, it was the middle strand of self-knowledge beliefs that was 

targeted by the intervention to increase self-efficacy in test taking beliefs to provide a way of 

managing the worry element of test anxiety because students have positive self-beliefs to 

draw upon.  

I expected to find that students, who completed the practice testing as a matter of 

classroom routine and who were then taught the cognition of the testing effect would feel as 

if they had mastery and understanding of their ability to take tests because they have been 

given the “why” (e.g., Zepeda et al., 2020) and that this understanding enabled them to have 

more belief in their capability and thus feel more self-efficacious in test taking situations; to 

have more control in the evaluative situation and thereby a reduction in anxiety. I think that 

student beliefs may be varied with the individual depending upon the A state or A trait nature 

(Spielberger & Vagg, 1995) of test anxiety. I expected that there would be a positive 

difference in feelings of self-efficacy in the post-test self-efficacy questionnaires that have 

been created for this study for the intervention group. 

Research Question 2b: What do self-efficacy in test taking sum scores tell us 

about individual test anxiety? 

I am not trying to attribute a causal effect to an individuals’ self-efficacy in test taking 

to levels of test anxiety, but I thought it would be interesting to look closely at the 

relationship. A key aspect of the literature review is the important idea of self-efficacy and its 

role in the management of test anxiety because of the control it affords an individual 

(Putwain & Pescod, 2018; Putwain & Aveyard, 2018; Schunk & Pajares, 2005; Smith, 1989).  

Through the intervention I tried to increase self-efficacy in test taking using self-

efficacy theory (Bandura, 1997) and cognitive theory of the testing effect (e.g., Bjork, 1975; 

Roediger & Karpicke, 2006b) and I tried to explore this idea further by using MIMIC 

(Multiple Indicators and Multiple Causes) models to relate the covariate of self-efficacy in 

test taking to the worry element of test anxiety. Figure 4.2 demonstrates how the exogenous 

variable of a self-efficacy covariate is affecting the worry element of test anxiety measured 

by the Adapted Thoughts’ subscale. 
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Figure 4.2 

MIMIC (Multiple Indicators, Multiple Causes) Model of Self-efficacy Covariate in Relation 

to the Adapted Thoughts’ Subscale 

 

 

 

Research Question 3: Do feelings of worry predict how well student self-efficacy 

changes in the intervention group? 

Putwain, Chamberlaine et al. (2014) suggest that their intervention (STEPS, Strategies 

to Tackle Exam Pressure and Stress) reduced test anxiety with 15-16-year-olds, who were 

high in test anxiety. The intervention was only given to the students who fulfilled the criteria 

for being high in test anxiety. Putwain et al. (2020) and von der Embse et al. (2021) have 

created a new multidimensional scale to measure test anxiety that may be used to determine 

recipients for a test anxiety intervention as no recent measure exists. However, the students in 

my study are younger and because of my experience as a teacher and knowledge from the 

literature review suggesting blanket test anxiety interventions can benefit the well-being of 

all students (Weems et al., 2015), the intervention was administered universally and not just 

to students who were high in test anxiety. 

There is very little research into this age-group and test anxiety, and this is the first 

research question of its kind, to my knowledge, that examines the impact of a cognitive 

intervention that gives the ‘why’ testing works and uses the phrase ‘your testing routes are 
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well-oiled’ to 10-to 11-year-olds, who are high in test anxiety. The number of students who 

may experience high test anxiety is between 10-20% in any classroom. (Putwain & Daly, 

2014). There are 31 students in this sample (18%) who are high in test anxiety as determined 

from their worry scores on the Adapted Thoughts’ subscale. It is their data that is used to 

answer this research question.  

I expected to find that these students who are high in test anxiety in the intervention 

group when compared to the control group, benefited from the intervention, and experienced 

an increase in self-efficacy in test taking feelings and a reduction in the cognitive element of 

worry of test anxiety. I expected that the worry scores for students who have high test anxiety 

in the control group remain at approximately the same level at post-test as pre-test. 

Research Question 4: Are There Any Differences in the Reduction of Test 

Anxiety Within Researcher vs Teacher Groups from the Intervention Group?  

As a researcher and teacher, I was very aware of experimenter bias (e.g., Bracht & 

Glass, 1968; Field & Hole, 2003) and fidelity of the intervention (e.g., Dusenbury et al., 

2003). In Chapter 3, there are details of the steps I took to try and mitigate any experimenter 

bias in the results. Chapter 10 evaluates the success of these steps. This research question was 

included to examine if there was any difference between the groups where I delivered the 

intervention and where another teacher delivered the intervention. Although, I had taken 

steps in the design on the intervention to try and ensure that it was easily deliverable, in a 

primary classroom, by another teacher, I compared the two schools where I had delivered the 

intervention (one co-educational and one all girls) with similar groups where another teacher 

had delivered the intervention (one co-educational and one all girls) and all schools were in 

the independent sector of education so there were no free school meals to consider as a proxy 

for low income.  

I expected that there would be little difference between the schools where I delivered 

the intervention and the schools where I didn’t because I talked to the teachers or 

headteachers involved in the intervention schools and provided a manual for the delivery of 

the intervention (see Appendix D). However, I was keen to test this theory, hence the 

research question in case my knowledge as a researcher and the reality that I had delivered 

the pilot would affect the students differently.  
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Research Question 5: The SARS-CoV-2 (Severe Acute Respiratory Syndrome 

Coronavirus 2) Question. Is There a Difference in Feelings of Test Anxiety Between 

Students Who Sit High Stakes’ Paper Tests or Online Tests?  

This last question was added after my data collection was changed due to the 

pandemic. I was waiting for one last set of control group data from a school that was taking 

SATs (Statutory Assessment Tests) when schools were closed due to the pandemic and the 

high stakes’ tests were cancelled.  I was contacted by a schoolteacher who had seen my 

article (Barsham & Ellefson, 2020) and who was interested in the research. Her Year 6 class 

were taking online high stakes mock tests and she was happy to complete the questionnaires 

with a view to delivering the intervention the following year.  

I thought it would be interesting to see if there was any difference between taking 

high stakes tests online (at home) or in an exam room, as I am interested in the possible 

effects that an exam room may have with being able to recall exam content, for students who 

have test anxiety (e.g., Imundo et al., 2020; Bjork & Bjork, 2011).  

I expected that there might be a difference between students who took real high 

stakes’ paper tests and students who took mock, online tests with students who took paper 

tests in exam rooms experiencing more worry than students who took mock online tests at 

home.  

All results in this thesis are exploratory as the research is making a novel contribution.  

The new subscales used to measure the impact of the intervention need to be cross validated 

on another sample.  
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5. Pilot Study 

5.1 Purpose  

Girls are more prone to the worry or the cognitive component of test anxiety 

(Hembree, 1988). Test anxiety can affect children, who are as young as seven. The purpose 

of the pilot was to introduce 10-to11- year-olds to the cognitive psychology of the desirable 

difficulty of the testing effect and to use the testing effect, through recall of the cognitive 

strategy itself, to increase self-efficacy prior to a high stakes’ entrance examination. 

5.2 Method 

A quantitative approach was employed in the use of the Children’s Test Anxiety Scale 

(Wren & Benson, 2004) with analysis of pre and post-test questionnaires through descriptive 

and inferential statistical analysis of the sample, N = 11. A small part of the experiment used 

student interviews that were carried out five days post-test.  

Test anxiety was measured quantitatively. Thus, this experiment used mainly 

quantitative measures. In addition, there was a small, robust qualitative coding of interviews; 

these interviews sought to add to the measure of the individual, complex and transactional 

nature of the test anxiety.  

5.2.1 Participants 

There were eleven students in this study aged 10 -11 years - old, in their final year of 

primary education and with a mean age of 10.6 as of October 1
st,

 2017. The students were 

from an independent, all through girls’ school. As a fee-paying school, the students were 

from an income bracket where parents are often both employed in professional capacities 

such as: doctors, dentists, and lawyers.  

The students take assessments in Mathematics, English, and Non-Verbal Reasoning to 

try and gain a place at senior school (s). There are also academic scholarships available for 

Year 7 (11-to12-year-olds) that take the form of a reduction in fees.  

5.2.2 Pre and Post-test Measures  

The pre-test was delivered in the first week of November approximately nine weeks 

before the actual high stakes’ test to avoid a sense of priming for anxiety.  

Cassady and Johnson’s ‘Cognitive Test Attitude Scale’ (2002) questionnaire was 

administered at the same time as the Children’s Test Anxiety Scale, but the participants found 

the wording of the questionnaire difficult to understand. This questionnaire was not used in 
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the pilot other than for reference for one child who had missed out a response on the 

Children’s Test Anxiety Scale on the thoughts’ subscale and I was able to gauge her response 

by referring to a similar question from the Cassady & Johnson’s (2002) questionnaire.  

The study used the same pre-test and a post-test questionnaire about test anxiety to 11 

participants. The questionnaire uses a Likert scale and is Wren and Benson’s (2004) 

Children’s Test Anxiety Scale. Descriptive and inferential statistics were obtained for the 30 

different variables in the questionnaire and for the subscales of thoughts, off task behaviours, 

and autonomic reactions in both the pre and post-test questionnaires in the sample (N =11). 

(see Appendix F). The validity of the Children’s Test Anxiety Scale questionnaire is 

established. Wren and Benson (2004) record Cronbach’s alpha on the 30 items instrument as 

0.92.  

In addition, an informal interview was held with some of the participants a few days 

after the high stakes’ test and an initial attempt at coding the students’ responses undertaken 

using Nvivo©. 

5.2.3 Materials  

Test anxiety was measured using the Children’s Test Anxiety Scale (Wren & Benson 

2004). The word ‘Anxiety’ was replaced with ‘Attitude’ to avoid the issue of priming the 

sample with thoughts about anxiety. In addition, the wording on Question five ‘I think I am 

going to get a bad grade’ was replaced by ‘I think I am going to get a bad result’. At this age, 

the students are rarely ‘graded’ in the English education system. In addition, the wording on 

Question 27 was changed from ‘I think about how poorly I am doing’ to ‘I think about how 

badly I am doing’. Some students may think that ‘poorly’ means unwell. 

This instrument provides scores on three test anxiety subscales: 

1. Cognitive or worry, called thoughts in the Children’s Test Anxiety Scale.  

2. Affective physiological or autonomic reactions 

3.  Behavioural or off task behaviours.  

Thirteen items measure thoughts or the cognitive element (e.g., ‘While I am taking tests, I 

worry I will do something wrong’). Nine items measure the subscale autonomic reactions 

(e.g., ‘While I am taking tests, I feel warm’). Eight items measure off task behaviours (e.g., 

‘While I am taking tests I stare’). Participants responded on a four-point scale (1= almost 

never, 2 = some of the time, 3 = most of the time, 4 = almost always).   
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5.2.4 Procedure for Data Collection  

Permissions were sought for the use of both the pre-test and post-test questionnaires 

and for the interviews, from the sample’s parents (N = 11) in writing and orally from the 

sample themselves and the school’s overall Headmistress. I was Head of Prep in an all 

through school and thus needed to seek further endorsement from the overall Headmistress. 

All identities were anonymised.  

There are three sets of quantitative data to consider: Year 6 (N =11) pre-test and pre-

intervention Children’s Test Anxiety Scale questionnaire responses. Year 6 (N =11) post-test 

and post intervention Children’s Test Anxiety Scale questionnaire responses. In addition, 

there was an interview, which was conducted five days after the high stakes’ test with the 

sample (N = 11).  

5.2.5 The Pilot Intervention  

The intervention (see Appendix B) that was about the cognitive effects of the 

desirable difficulty of the testing effect was delivered by me, the class teacher, as homework, 

over a period of six weeks, prior to high stakes’ tests. The students were completing practice 

tests simultaneously in English and Math and Verbal Reasoning. The intervention was based 

on the following research papers: Bjork & Bjork (2019); Bjork, Dunlosky & Kornell, (2013); 

Karpicke, Blunt & Smith (2016); Kornell, Hays & Bjork (2009); Roediger & Karpicke 

(2008); Roediger & Karpicke (2006a, 2006b).  

The information was presented to 10 -to 11- year-olds in child friendly language (see 

Appendix B) in the form of a homework worksheet. The research was presented in the form 

of a story using the first names of the ‘characters’: Robert or Bob (Bjork), Jeffrey (Karpicke) 

and Roddy (Henry Roediger). Female characters were introduced: Carol (Dweck) and 

Elizabeth (Bjork). A dialogue was created through the narrative so that it seemed as if the 

authors were talking to the children. A homework that was completed very well, was the 

‘Letter in response to a letter from Robert Bjork’. (see Appendix F) 

The lessons were a week apart and at the beginning of each lesson, the students were 

invited to recall what they had discovered from the previous week’s homework. Each lesson 

began with a cognitive conversation about desirable difficulties. Each week, I encouraged the 

students to recall the previous week’s cognitive knowledge. The testing effect: study, test, 

test, test (Roediger & Karpicke, 2006b) was used to recall the cognitive knowledge about 

desirable difficulties and especially the testing effect over six weeks, on a weekly basis. The 
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students continued to take practice English and Math and Non-verbal reasoning papers during 

this time. 

In addition, the participants also answered questions about the high stakes’ tests in a 

lesson, five days after the test. These responses provided some qualitative data, through an 

interview that is valuable additional information in understanding whether or not the 

intervention was successful and the nature of test anxiety.  

Teacher input was minimal. Checking understanding of the cognitive homework sheet 

or clarifying was all. The participants were all girls in a selective school who have 

historically achieved well in previous class papers in English, Mathematics, Verbal and Non-

Verbal Reasoning papers. 

5.3 Results 

Inferential statistics were calculated using SPSS. Thirty paired t- tests to compare pre 

and post-test sample means were calculated for each variable. (see Table F.1) The number of 

t tests increases the likelihood of a Type 1 error. Although, the results suggest that for some 

of variables in the Children’s Test Anxiety Scale questionnaire, there is a significant (p < 0.5) 

effect as a result of the intervention, I am very aware that, because the sample size was so 

small, the data must be interpreted within that parameter. It is likely that a Type 1 error is 

present because of experimentwise error rate (Field, 2013). The probability of a Type 1 error 

can be calculated thus: 

Familywise error = 1− (0.95) 
30 

= 0.78  

Effect sizes were calculated for this pilot using Cohen’s d. 0.20 = small effect, 0.50 = 

medium effect, and 0.80 = large effect.  

A little MCAR test was run to establish that the missing data were random and 

confirmed. For one student, I was able to seek a similar answer to this thoughts’ question 

from the Cassady and Johnson (2001) questionnaire. For another student, the cognitive or 

thoughts’ response was missed, and I used the other thoughts’ responses, from the Children’s 

Test Anxiety Scale to give the value of 4 to the answer.   

The ‘Go to the bathroom’ question was missed out by a student. I looked at the other 

responses of this participant within the autonomic subscale and was confidently able to insert 

a 1 in for the answer. 
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The validity of the questionnaire’s subscales was calculated using Cronbach’s alpha 

using the large external candidate sample N = 33. The results are recorded in Table 5.1. 

Table 5.1 

Pilot - Validity of Questionnaire, N=33 

Subscale Validity 

Thoughts’ subscale Cronbach’s alpha = .85 

Off task behaviour subscale Cronbach’s alpha = .69 

Autonomic reactions subscale Cronbach’s alpha = .69 

Note. N = 33  

 

5.3.1 Interviews 

The participants (N = 11) were interviewed informally five days after the tests in their 

usual English lesson with the researcher (me) as their classroom teacher. The conversation 

felt natural, and I made written notes.  

The comments from these interviews that took place five days after the tests allowed 

me to ask direct questions about whether the participants considered the cognitive 

intervention to be successful or not. The responses from the participants gave valuable 

information about test anxiety and the effectiveness of the intervention. 

The highly test anxious nature of one student was evident simply from the language 

that she used, referring to the assessment room as a ‘torture chamber’ and references to her 

mind ‘going blank’. In another part of the conversation, she refers to being ‘freaked out’. Her 

language is highly charged with emotive vocabulary.  

Common themes in the participants’ conversation included: self-talk about cognitive 

techniques, feeling confident because of mastery through the testing effect of both practice 

papers, self-efficacious talk, growth mindset and knowing about cognition, feeling that the 

brain was ready, testing routes were well-oiled. The participants felt that learning about the 

cognition aspect was true, factual so that it could be believed. ‘Yeh, it made me feel confident 

because it’s proved, you know it’s true and not a maybe, it actually works.’ 
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5.3.2 Discussion  

The purpose of the pilot was to establish whether a six-week intervention using the 

cognition and practice of the desirable difficulty, the testing effect reduces the worry or 

cognitive element of test anxiety in 10 to 11-year-olds.  

There were nine variables out of 30 that showed a significant result p < .05 after the 

intervention: I wonder if I will pass p < .02; My heart beats fast p < .00;  I feel nervous p < 

.05; It’s hard for me to remember the answers p < .04; My belly feels funny p < .04; I check 

the time p < .03; I think that I should have studied more p < .02; I look at other people p < 

.03; I feel scared p < .04. 

Twenty-five out of 30 variables showed a positive effect of the intervention as the 

mean altered positively from pre to post-test in relation to the Likert scale. Sometimes, 

although the positive effect is not significant, it is consistently positive. The positive effect of 

the intervention was supported when the effect size was analysed and also from the 

interviews. However, the number of t tests increased the likelihood of a Type 1 error and thus 

the results must be considered preliminary.  

These preliminary results suggest the intervention was a positive one in 25 out of 30 

of the variables measured. The experiment and subsequent analysis of results is very limited 

because of the sample size N =11.  

The effect sizes were calculated using Cohen’s d and if we apply the criteria, we can 

calculate that small effect, medium effect, and large effect. The effect sizes suggest that the 

intervention had a positive effect on all but one of the thoughts’ subscale (what parents will 

say). The intervention was designed to reduce cognitive worry through increasing self-

efficacy and was measured using the three subscales of the Children’s Test Anxiety Scale.  

I am encouraged, whilst acknowledging the limitations of the pilot study, by the 

significant results for the thoughts’ subscale that suggests that the participants benefited from 

a reduction in: ‘wondering if I will pass’, ‘finding it hard to remember’ and the benefits of 

knowing they ‘studied well’, in this particular evaluative situation.  

The interview supported the quantitative results through the positive comments about 

self-talk around “study, test, test, test”, the benefits of practice papers and the belief in 

cognitive strategies being believable. This outcome is important because the actual research 

papers were used in the intervention but in Y6 friendly speak; Y6 were a critically friendly 

mass who respect authenticity. For results (see Appendix F)  
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5.3.3 Limitations 

The sample size was very small (N = 11). The number of t tests increased the 

probability of a Type 1 error. The test anxiety questionnaire relied on self - report. The post-

test questionnaire was delivered directly after the high stakes’ test. There were some missing 

data; three responses were not completed. 

First attempts at coding using Nvivo© indicated that the intervention had been 

effective in reducing the worry element of test anxiety. However, there is only one interview 

for the sample.  

A further limitation was in not being able to access performance data for the high 

stakes’ tests. Some general information was available such as the number of academic 

scholarships awarded (4 out of 13). 

The question about ‘checking the time’ that is included in the off-task behaviours’ 

subscale had the highest mean of 3.72 that reduced to 3.18 after the intervention. It is possible 

that this question is misleading because candidates are taught to check the time in 

examination situations, as part of good exam practice and to do so is not really an off-task 

behaviour. Self-efficacy in test taking was not measured in the pilot study and this measure 

will be useful to obtain in the main study. 

5.3.4 Lessons Learned from the Pilot  

The issue of sample size has been addressed and G Power© calculated as an a priori 

exercise before the main analyses were run. Furthermore, a control group was used for both 

the Children’s Test Anxiety Scale measure and the Self-efficacy in Test Taking measure. 

Therefore, an increase in sample size, the use of a control group and the design of a further 

instrument have enabled me to use ANOVAs to measure the differences in group means in 

the main analyses.  

During my upgrade viva, I realized that my study could be more effective if I 

measured the self-efficacy in test taking of the students, as well as levels of test anxiety. As 

no previous measure exists for self-efficacy in test taking for this age-groups, I designed a 

Self-efficacy in Test Taking instrument. Its validity was tested, and exploratory and 

confirmatory factor analyses used to determine the subscales. These subscales were then used 

as a measure of test taking self-efficacy in 10-to11-year-olds.  

Given that the intervention’s design is based on cognitive theory of retrieval practice, 

in this case of the desirable difficulty, the testing effect, I decided to use one subscale, not 
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three from the Children’s Test Anxiety Measure (Wren & Benson, 2004) to measure the 

cognitive or worry element of test anxiety in 10-to 11-year-olds.  

In addition, I had the opportunity to discuss the intervention with the Year 6 form 

teacher whose students were in the pilot and a Year 4 (8-to 9-year-olds) teacher. Both 

teachers felt that most of it was readily accessible for the 10-to 11-year-olds but suggested 

Week 2 the desirable difficulties worksheet was a little bit confusing and might need further 

clarification. As a result of this conversation, I added some clarification and signposts to 

Week 2 of the intervention. The intervention may need further review (see Chapter, 10, 

Reflections) 

Furthermore, I decided to concentrate on quantitative analysis only as I had two data 

sets in the main study and because I had created two new measures, I knew the preliminary 

and main analyses would be extensive. I have included some feedback from students and 

teachers (see Appendix D) but have not analysed this qualitatively.  

The pilot afforded me the opportunity to become familiar with the Children’s Test 

Anxiety Scale measure (Wren & Benson, 2004). Knowing that the initial construction of the 

scale had seen a high correlation between the autonomic reactions’ subscale and the thoughts’ 

subscale in the validation sample, I took the unusual step of using both exploratory and 

confirmatory factor analysis to construct an Adapted Thoughts’ subscale with which to 

measure the cognitive or worry element of the test anxiety construct in my data. In addition, 

changes to the test anxiety construct over time (e.g., Putwain et al., 2020; von der Embse et 

al., 2021) suggested exploring the factor structure would be a salient step. 

5.3.4.1 Effect sizes. The effect sizes in the pilot were used to determine the sample 

size needed for the main study using G*Power 3.1. G *Power© was used to calculate the 

sample size for the mixed 2 x 2 ANOVAs. The power was set to 0.08 and partial eta squared 

values relative to sample size determined. For Research Questions 1, 2a and 2b, 3 and 4 for 

the ANOVAs, I input an ‘A priori, F tests, ANOVA, Repeated measures, within -between 

interaction’ using the medium effect size of partial eta = .06 and a power of 0.80, alpha = .05 

and G*Power 3.1 calculated I needed N = 24.  

For Research Question 2a and the ANCOVA, I input ‘ANCOVA fixed effects, main 

effects and interactions.’ I used a power of 0.80 and alpha of .05 with a medium effect size of 

partial eta = .06 and G*Power 3.1 calculated I needed N = 125. 
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For Research Question 5, I used G*Power 3.1 to calculate the sample size for an 

independent t test, inputting ‘t.tests, difference between two independent means (two 

groups)’ and calculated the effect size from the means at d = 1.40 using a power of 0.80 and 

G*Power 3.1 calculated I needed N = 30 (n = 15 in each group). (see Table 5.2) 

Table 5.2 

 

Sample Size Calculations for the Main Study 
 

Research Question and 

Type of Analyses 

G*Power 3.1 Calculation Sample Size in This Study 

 

1 ANOVA N = 24 N = 170 

2a ANOVAs N = 24 N = 145 

2a ANCOVA N = 125 N = 145 

2b ANOVA N = 24 N = 145 

3 ANOVAs N = 24 N = 31 

4 ANOVA N = 24 N = 62 

5 Independent t test N = 30 N = 51 

 

These power analyses were used to verify the sample size for the main study. The 

sample sizes for all of the planned analyses are above the required sample sizes for this 

project. The next section, Chapter 6 provides my ontological and epistemological viewpoint 

and explores the design of my research. In addition, I provide a traditional APA method 

section and the ethical considerations for my study.  
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6. Method 

This chapter is a hybrid of the format used by educational researchers and cognitive 

scientists. I start the chapter by considering the ontology, epistemology and methodology of 

my study that is placed in between education and cognitive science. I will then follow this 

consideration with the traditional APA method section.  

 I acknowledge the social reality (Blaikie, 2010, p. 92) that relies upon ontological 

and epistemological assumptions. The ontological position of cautious realism (Blaikie, 

2010) and its accompanying epistemological partner of falsification (Popper, 1972a) is a 

good place to start to identify the branches of philosophy behind my study but with necessary 

qualifications.  

In epistemological terms, my stance is postpositivist and thus I do not take a strict 

view of falsification (Wilson, 2017, p.299) but understand Popper’s scientific intent. 

However, as a researcher of cognitive science and education, I acknowledge the fallibility of 

scientific knowledge. (Swann, 2003). Moreover, psychology lives exclusively under the post-

positivist umbrella (Ellefson et al., 2019) 

As I am measuring latent constructs in my study, it may be useful to consider the 

position of Guyon et al. (2018) who suggest that objects analysed in psychology differ 

fundamentally from physical objects and need an epistemology that is not empirical realism. 

They propose that measurement in psychology (psychometrics) is a type of pragmatic realism 

where “mental attributes are considered as real objects (linked to the brain) but set in a social 

praxis”, Guyon et al. (2018, p.150). Mental attributes are defined as “characteristics 

(stemming from mental processes) that are inferred from the behaviour of a person” (Guyon 

et al., 2018). 

In this study, I use cognitive psychology for the design of the intervention and pre and 

post-tests to measure the latent constructs of worry and self-efficacy in test taking. Guyon et 

al. (2018) suggest that pragmatic realism is where the equilibrium of an individual is 

considered as a psychological attribute and is a reality that needs to be analysed in a dynamic 

relationship with the social environment. This idea potentially links to the theories used in 

this study: the social cognitive theory of self-efficacy and dynamic of reciprocal causation 

(Bandura, 1986b) and the interactional dynamics that are found in the S-REF model of test 

anxiety (Zeidner & Matthews, 2005). Ellefson et al. (2019) suggest that the post-positivism is 

assumed and not questioned in psychology and that use of the experimental method aims to 
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reduce the bias of the researcher, but they also acknowledge that criticism of post-positivism 

can be common in education.  

6.1 Method – Rationale 

This design experiment (Cohen et al., 2017) has its roots in quasi-experimental 

research. This experiment has avoided the artificial world of the laboratory and was designed 

to have practical relevance to the world of teaching (see Chapter 9 and Chapter 10 for an 

evaluation). 

The design experiment is rooted in the postpositivist paradigm (e.g., Cohen et al., 

2018; Mertens, 2015; Panhwar et al., 2017). The purpose of the research from a postpositivist 

perspective is to embrace the scientific method but to recognise that there is no absolute truth 

(Cohen et al., 2017). In the postpositivist paradigm there is a pluralism between positivist and 

interpretivist epistemologies (Phillips & Burbules, 2000). Quantitative analyses are used in 

this study (see Chapter 8). A small amount of teacher and student feedback was collected (see 

Appendix D) The results of the design experiment should show whether or not a cognitive 

intervention using the testing effect can increase self-efficacy and reduce the worry element 

of test anxiety and if the results can be generalized to a school population.  

The method is about the data collection and is not an evaluation of the intervention. 

Chapter 3 details the intervention and how it was administered, and Chapters 8, 9 and 10 

evaluate the impact of the intervention.  

6.1.1 Participants 

Data were collected from 170 participants (males n = 62, females n = 108), from nine 

primary schools for the Children’s Test Anxiety Scale questionnaire. All students were in 

Year 6, the final year of primary education. The mean age of participants in both of these 

samples was 10.5 years (SD = .50). 

Two of the schools were used twice over two different years, making a total of 11 sets 

of school data. Eight of the nine schools were independent schools and fees are paid for the 

students to attend. One school in the control group was a state school and there were ten 

students who received free school meals. Four schools took high stakes’ SATs (Standard 

Assessment Tests), five schools took other high stakes’ independent school exams, one 

school took an online high stakes’ SATs (Standard Assessment Tests) type of exam and 

another school took a high stakes’ mock SATs (Standard Assessment Tests). Mock high 

stakes tests were due to the cancellation of SATs (Standard Assessment Tests) as a result of 
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the pandemic. There were 85 participants in the group that received the intervention (males n 

= 28, females n = 57) and 85 participants in the group that did not receive the intervention 

(males n = 34, females n = 51).  

For the Self-efficacy in Test Taking instrument, data were collected from seven 

schools. There were 145 participants (males n = 48, females n = 97). There were 59 

participants in the intervention group (males n = 14, females n = 45) and 86 participants in 

the control group (male n = 34, female n = 52). Six out of seven schools were independent, 

and fees are paid for students to attend. One school in the control group was a state school 

and ten students received free school meals.  

6.1.2 Missing Data 

Very little data were missing. For the Children’s Test Anxiety Scale questionnaires, if 

a student missed out a response, I took the mode number for the same subscale. Where 

students had used two numbers, E.g., 2 /3, I used the mode for the same subscale. (see Table 

6.1) There was one pre and post questionnaire that was unusable (Children’s Test Anxiety 

Scale) in the control group as it had been completed with zeroes and zeroes did not exist as 

an option. One school had three self-efficacy questionnaires missing. Where I have detailed 

an item missing, it was only one item out of thirty.  

G*Power estimates for sample size needed to run the different ANOVAs, ANCOVA 

and t tests to answer the research questions, were exceeded for all the research questions 

based on G*Power A priori calculations (details in section 5.3.4.1)  

6.1.3 Materials 

Two questionnaires were used at pre-test and post-test. The Children’s Test Anxiety 

Scale (Wren & Benson, 2004) and the Self-efficacy in Test Taking instrument that was 

created by me. Exploratory and confirmatory factor analyses were used to establish a new 

cognitive or thoughts’ subscale, the Adapted Thoughts’ subscale for the Children’s Test 

Anxiety Scale data that was used for the final analyses and exploratory and confirmatory 

factor analyses were conducted for the Self-efficacy in Test Taking instrument that resulted 

in two subscales with which to analyse the Self-efficacy in Test Taking data. A teachers’ 

manual detailing the delivery of and resources for the intervention was provided. (see 

Appendix B).  
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Table 6.1 

Schools, High Stakes Tests, Sample Number Used and Missing Data 

 

School High Stakes Tests 
Intervention /  

Control 
N Missing Data 

     

Co-ed SATs Control N = 16  

 

Co-ed 

 

SATs 

 

Intervention 

 

N = 15 

 

CTAS x1 mixed 

response value.  

  

Co-ed 

 

Online high stakes’ 

 

Control 

 

N = 30 

 

 

Co-ed 

 

 

SATs 

 

Intervention 

 

N = 4 

 

No Self-Efficacy data*. 

  

Girls 

 

Senior School 

Entrance Papers 

 

 

Intervention 

 

N = 20 

  

CTAS x1 mixed 

response value. 

 

Girls 

 

Senior School 

Entrance Papers 

 

 

Control 

 

N = 15 

 

CTAS x1 mixed 

response. CTAS x1 pre 

and post questionnaire 

unusable. 

  

Co-ed 

 

Senior School 

Entrance Papers 

 

 

Intervention 

 

N = 19 

 

No Self-efficacy data*; 

CTAS x4 mixed 

response values; x2 

CTAS items. 

  

Girls 

 

Senior School 

Entrance Papers 

 

Intervention 

 

N = 15 

 

Three Self-efficacy 

questionnaires. 

 

Co-ed 

 

Mock SATs 

 

 

Control 

 

N = 4 

 

Co-ed SATs 

 

Intervention N = 12  

Co-ed Senior School 

Entrance Papers 

 

Control N = 21  

Note. Co-ed = Co-educational, * Self-efficacy questionnaire was being trialled at the time 

with my own classes. CTAS = Children’s Test Anxiety Scale Data.  
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6.1.3.1 Test Anxiety. The cognition element or worry of test anxiety was measured 

using the Adapted Thoughts’ subscale from the 30 item Children’s Test Anxiety Scale 

instrument (Wren & Benson, 2004). This questionnaire (see Appendix A) comprises three 

subscales. Firstly, the thoughts or cognitive subscale (13 items) that measure the test anxiety 

element of worry. An example is ‘While I am taking tests, I think about what will happen if I 

fail’. Secondly, the autonomic reactions’ subscale (nine items), that measure physiological 

changes. An example is ‘While I am taking tests my belly feels funny’ and lastly the off-task 

behaviours’ subscale (eight items) that measure attention deficits. For example, ‘When I am 

taking tests, I tap my feet’. Participants responded to items using a 4-point Likert type scale 

(1 = “almost never”, 2 = “some of the time”, 3 = “most of the time”, 4 = “almost always”). 

The Adapted Thoughts’ subscale consisted of eight items. Seven of these items were on the 

original thoughts’ subscale and Question 28 ‘When I am taking tests, I feel scared’ was 

moved from the autonomic reactions’ subscale to the Adapted Thoughts’ subscale as a result 

of factor analysis. 

6.1.3.2 Self-Efficacy in Test Taking. Self-efficacy in Test Taking was measured 

using a new instrument. (see Appendix A) I designed this instrument using guidance from 

Bandura’s ‘Guide for Constructing Self-efficacy Scales’ (Bandura, 2006). This new measure, 

and its reliability and validity are assessed in Preliminary Data Analysis II.  

Originally this scale was 15 items and, following exploratory and confirmatory factor 

analyses, the instrument resulted in two subscales: Self-efficacy in Test Taking subscale 

consists of nine items that represent positive feelings of efficacy about test taking. An 

example is ‘If I find a test hard, I keep trying’. Participants responded to items on a 4-point 

Likert type scale, that was very similar to the test anxiety measure. (1 = “I never do this’, 2 = 

“I do this sometimes’, 3 = “I do this many times”, 4 = “I always do this”. High scores on the 

Self-efficacy in Test Taking scale represent a student with high self-efficacy in test taking 

feelings. The second subscale, the Little Self-efficacy in Test Taking has four items that 

represent negative feelings of efficacy about taking tests. An example is ‘In tests, I panic if I 

see people finishing before me’. High scores on this scale represent a student with low self-

efficacy in test taking feelings. 

6.1.4 Procedures 

Self-report data from both questionnaires were collected approximately 6 -8 weeks 

before the high stakes’ tests for both the intervention and control groups. For some schools 

this month was October / November and for other schools this month was March /April, 
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depending upon the type of high stakes’ tests involved. The same self-report data from both 

the questionnaires was collected as soon as possible after the high stakes’ tests and the 

timings of this collection varied considerably depending upon the number and range of high 

stakes’ tests being taken.  

A Training Manual (Appendix B) was provided for all teachers. I visited or met via 

Zoom© with all the headteachers /teachers in schools, who agreed to deliver the intervention 

to talk through the training manual and to explain the letter for parental permissions. 

Teachers emailed me to confirm when they had received permissions and then administered 

the questionnaires at a time that was convenient to them. The same questionnaires were given 

to the students after all the high stakes’ tests were completed and the timings of these varied. 

All teachers, who delivered the intervention, had my personal email and phone number in 

case of any queries. I sent regular emails checking on their well-being and progress and 

offering support and help throughout the duration of the interventions. Small rewards for 

participation were available for the students if teachers thought appropriate. Teachers were 

invited to complete a questionnaire about the intervention afterwards and also to ask the 

students’ their opinions. 

6.2 Design 

Cohen et al. (2018, p. 402) refer to the design of pre-test and post-test with an 

experimental and a control group as a “true experimental” design. However, in this design, 

the groups were not selected by random sampling from the population and thus do not fulfil 

the criteria. In a quasi-experimental design, the experimenter does not have complete control 

over the manipulation of the independent variable (Field & Hole, 2013) This lack of control 

was the case in my study as I asked other teachers to deliver the intervention and different 

schools were involved. I did not have complete control over the timing of the measurement of 

the dependent variable either and so this aspect of a quasi-experiment has not been fulfilled.  

Students were not randomly assigned to the intervention or control group as this 

assignment was practically impossible in this educational context. 

My experiment is a design experiment with its roots in the quasi-experimental and 

this hybrid is considered to be a special case of a field experiment (Cohen et al., 2017). The 

roots are in experimental research with a pre and post-test measuring the impact of the 

intervention and the outcomes are for direct practical relevance and use in primary 

classrooms. The role of theory is important in the design of the intervention (Bradley and 
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Reinking, 2011) and the way that the intervention fulfils the criteria for a design experiment 

is explained more fully in Chapter 3.  

Sum scores on the Adapted Thoughts’ subscale from the Children’s Test Anxiety 

Scale instrument that measured the cognitive or worry element of test anxiety were the 

dependent variable that was measured in Research Question 1. This question was answered 

using a 2 x 2 mixed factorial ANOVA. The intervention was the independent variable 

‘Group’ (intervention and control groups) and ‘Timepoint’ was the repeated measure for pre-

test and post-test. Multilevel linear analysis followed when the assumption for homogeneity 

of slopes prior to an ANCOVA was not met.  

Sum scores on the Self-efficacy in Test Taking subscales were the dependent 

variables in Research Question 2a. The research question was answered using 2 x 2 mixed 

factorial ANOVAs for both subscales. Criteria for ANCOVA and multilevel linear analysis 

were not met for the Self-efficacy in Test Taking subscale. For the Little Self- efficacy in 

Test Taking subscale, the ANOVA produced an interaction and Tukey’s Honestly Significant 

Difference post-hoc test was used to identify the groups involved. The independent variable 

‘Group’ (intervention and control) was the between measure and ‘Timepoint’ was the 

repeated measure for pre-test and post-test. An ANCOVA was used for the Little Self-

efficacy in Test Taking subscale as the assumption of homogeneity of slopes was met. The 

post-test score was the dependent variable, and the intervention or control group was the 

independent variable, and the centred pre-test score was the covariate.  

Research Question 2b used Multiple Indicator and Multiple Causes (MIMIC) models 

with the Adapted Thoughts’ subscale was the latent variable and the sum scores on the Self-

efficacy in Test Taking Subscales was the regressed continuous covariate to see if there is a 

relationship between the two. 

Research Question 3 measured students who were high in test anxiety using scores 

from the Self-efficacy in Test Taking subscales. Participants used for this analysis were 

determined by their scores from the mean of the Adapted Thoughts’ subscale at the post-test 

timepoint. The dependent variable was the score on the Self-efficacy in Test Taking 

subscales and the independent variable was the group (intervention or control). Results were 

calculated by running a mixed 2 x 2 factorial ANOVA and Tukey’s Honestly Significant 

Difference post-hoc test was used for the interaction. In addition, a mixed 2 x 2 factorial 

ANOVA was run to measure students who are high in test anxiety scores on the Adapted 
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Thoughts’ subscale (dependent variable) with intervention and control groups as the 

independent variable.  

Research Question 4 used the scores from the Adapted Thoughts’ subscale as the 

dependent variable and the independent variable was the researchers’ groups measured 

against another teacher with an intervention group. Results were calculated by running a 2 x 

2 factorial ANOVA with timepoint as the repeated measure and the researcher led vs. non 

researcher led as the independent variable. 

Research Question 5 used a comparison of between group means in the form of an 

independent t test. The dependent variable was the scores on the Adapted Thoughts’ subscale 

from the Children’s Test Anxiety Scale data and the independent variable was between the 

group who took high stakes’ tests online and the group who sat paper tests. 

6.3 Ethical Considerations 

I met with headteachers or teachers for the schools involved to explain the research 

and obtained their agreement either to deliver the intervention or complete the questionnaires 

with the option of delivering the intervention at a later date, if they wished. For the schools 

where I was a headteacher, I sought the permissions of my line managers in the first instance 

to either conduct the research or to approach fellow headteachers in my network. 

Questionnaires and the intervention were administered by Year 6 teachers or known members 

of staff to the students.  

I was headteacher at the schools where I delivered the intervention and happily 

experienced excellent relationships with my students. I am known to the students for being a 

caring and approachable headteacher who helps them in their school days. My door is always 

open, and students can (and do) wander in freely. I can reflect that students may want to 

please me as students of this age generally do want to please their teachers but also think that 

the rapport I was privileged to have with students would mean that if they were unhappy or 

felt awkward completing any aspect of the research, they would have told me when I asked 

them. I gained their consent as well as parental consent and students were enthusiastic and 

enjoyed the new learning.  

When I met with teachers or headteachers, I discussed the requirement for parental 

consent and the importance of asking students themselves verbally if they were comfortable 

with the processes. I gave teachers / headteachers a copy of the Teachers’ Manual and 

showed them the sample letter they should use (see Appendix E). Written permissions from 
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parents were obtained using active consent (opt in) via school email systems. Student initials 

were used on the questionnaires to make matching pre and post-tests easy. All data has been 

anonymized in the analyses and no student initials used. The project was registered with the 

Open Science Framework. (https://osf.io/j4dn2/) A completed ethics form and risk 

assessment were submitted to the University of Cambridge. The project was reviewed by the 

University of Cambridge ethics committee.  

I have adhered to the BERA Ethical Guidelines for Educational Research and the 

APA Ethical Principles of Psychologists and Code of Conduct. I have always prioritized 

students’ and colleagues’ well-being. I have acted professionally and with respect to my 

colleagues involved in this study, mindful of their workloads and time commitments and 

have kept the students’ potential beneficial outcomes at the heart of the design of the study.  
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7. Data Analytic Plan and Preliminary Analyses 

This chapter provides an overview of the preliminary analyses and the assumptions 

that are considered prior to Chapter 8, the Results chapter. This chapter is a statistical 

preamble to the main analyses and consists mainly of exploratory and confirmatory factor 

analyses to ensure that I have obtained optimal measures for the final analyses. 

7.1 Overview of Chapter 7 

Part 1 of the preliminary analyses are factor analyses for the Children’s Test Anxiety 

Scale data. Part II preliminary analyses, refer to factor analyses for the Self-efficacy in Test 

Taking data. In these sections, I detail my rationales for using exploratory factor analysis on a 

known measure. In addition, I discuss why I have chosen to use parametric tests with data 

that is from Likert type measures. Furthermore, all the decisions I made in the exploratory 

and confirmatory factor analyses processes are discussed along with information about the fit 

indices used. Preliminary analyses III refer to all other assumptions that need to be met prior 

to final analyses. Tables 7.1 to 7.7 detail the descriptive statistics, assumptions and analyses 

used for the five research questions.  
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Table 7.1 

Descriptive Statistics for Children’s Test Anxiety Data and Self-efficacy in Test Taking Data 

 

Children’s Test 
Anxiety Scale 

Descriptive  

Statistics 

RQ1, 4, 5 

• Mean, Standard Deviation, Skew, Kurtosis and Standard Error for 

every item on the Children’s Test Anxiety Scale instrument at pre-

test and post- test (Timepoint) and for both intervention and control 

groups. (Group) 

• Mean, Standard Deviation, Skew and Kurtosis and Standard Error 

for the original thoughts’ subscale in the Children’s Test Anxiety 

Scale questionnaire at pre-test and post-test with intervention and 

control groups. 

• Histograms for Response Frequencies for the original thoughts’ 

subscale at timepoint pre-test and post-test and for the intervention 

and control groups.  

• Violin Plots showing Response Frequencies for the Adapted 

Thoughts’ subscale at pre-test and post-test with intervention and 

control groups. 

 
Self-efficacy in 
Test Taking 
Scale 

Descriptive 

Statistics 

RQ2a, 2b, 3 

• Mean, Standard Deviation, Skew, Kurtosis and Standard Error for 

every item on the Self-efficacy in Test Taking instrument at pre-

test and post-test (Timepoint) and for both intervention and control 

groups. (Group) 

• Mean. Standard Deviation, Skew, Kurtosis and Standard Error for 

the subscales in the Self-efficacy in Test Taking instrument at pre-

test and post-test with intervention and control groups.  

• Mini histograms for responses for individual items pre and post-

test (x15 items)  

• Violin Plots of Response Frequencies for the pre-test and post-test 

timepoints and the intervention and control groups for the two 

subscales: Self-efficacy in Test Taking and Little Self-efficacy 

Scale in Test Taking. 

 

Note N = 340, n = 85. 
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Table 7.2 

Analyses and Assumptions for Research Question 1: Does the Intervention that uses Retrieval 

Practice to Teach the Testing Effect Reduce Feelings of Worry in 10-to11-year-olds? 

Analyses and Assumptions Details 

Confirmatory Factor Analysis 

• Shapiro-Wilk Test: (Shapiro & 
Wilk, 1965) 

• Tests whether the distribution of scores is significantly 
different from a normal distribution. (Field, 2012) 

• A significant value indicated a deviation from normality, 
but the test is affected by large samples. (Field, 2012) 

 
• Sample size 

• E.g., 10 subjects / variable (Nunnally 1978), 2 subjects / 
variable (Kline, 1994) but cannot be one size fits all 
(Wolf et al., 2013)– see rationale in text. (This study, N = 
170, n = 85 intervention, n = 85 control, 13 items for the 
original subscale and 8 items for the adapted subscale). 

• A priori model • Children’s Test Anxiety Scale (Wren & Benson, 2004) 
• Random sampling • Not met – difficult to achieve with classroom-based 

research (Cohen et al., 2013) 
Exploratory Factor Analysis 

• Kaiser-Meyer-Olkin Measure 
of Sampling Adequacy 
(Kaiser, 1970)  

 
 

• Represents the ratio of squared correlation between 
variables to the partial correlation between variables. 
(Field, 2012) 

• Value of between 0 and 1; a value close to 1indicates that 
the patterns of correlation are compact, and that the data 
would give clear and reliable factors from factor analysis. 
(Field, 2012) 

• Bartlett’s Test for Sphericity 
(Bartlett, 1951) 

• Examines whether the variance / covariance matrix is 
proportional to an identity matrix. (Field, 2012) 

• Correlation, multicollinearity, 
and singularity. 

• There should be some correlation between the items, but 
the relationship should not exceed r = > .90 as this result 
would suggest multicollinearity. (Field, 2012) 

2 x 2 Mixed, Factorial 

ANOVA 

 

• 2 x 2 Mixed factorial ANOVA (with timepoint and group 
as the independent variables and the sum scores on the 
Adapted Thoughts’ subscale as the dependent variable to 
measure the effect of the intervention) 

• Levene’s Test for 
Homogeneity of Variance 
(Levene, 1960) 

 

• Tests the hypothesis that the variances in different groups 
(intervention and control) are equal. (Field, 2012) 

• A significant result indicates that the variances are 
significantly different, and this result would violate the 
assumption. (Field, 2012) 

• Normality of Distribution • Field (2012) – central limit theorem – the sampling 
distribution will tend to be normal regardless of the 
population distribution in samples > 30. 
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Table 7.2 (continued) 
 

Table 7.2 continued 
 

Analyses and Assumptions Details 

Latent Means Analysis 

• Measurement Invariance Testing 
Across Groups, Timepoints and 
Gender. 

 

 

• (Brown, 2015; Finch & French, 2015) 

Multilevel Linear Model  

• Homogeneity of variance, additivity, 
linearity, normality  

• Homogeneity of slopes for 
ANCOVA is not met  

• (Field, 2012) 

 

• (Field, 2012) 

• Coefficients have normal 
distribution of random intercepts in 
different contexts  

• ML estimator to compare models 

• Multicollinearity 

• Default of variance components covariance 
structure is fine for random intercepts model 
(Field, 2012) 

 

• Field, 2012 

• Grand Mean Centring of predictors (Kreft & 
deLeeuw, 1998) 

Note. Bold font indicates main analyses. 

 

Note. N = 290, n = 59 intervention; n = 86 control 
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Table 7.3 

Analyses and Assumptions for Research Question 2a: Does the Intervention Increase 

Feelings of Self-efficacy in Test Taking in 10-to-11-year-olds? 

Analyses and Assumptions Details 

• Exploratory Factor Analysis of the 
Self-Efficacy in Test Taking 
instrument. 

• Confirmatory Factor Analysis of the 
Self-Efficacy in Test Taking 
instrument. 

• See Table 7.2 for details and assumptions 
 

• See Table 7.2 for details and assumptions 

• 2 x 2 Mixed Factorial ANOVA. 

 

• 2 x 2 Mixed Factorial ANOVAs (with 
timepoint and group as the independent 
variables and the sum scores on the Self-
efficacy in Test Taking subscale and the 
Little Self-efficacy subscale in Test 
Taking subscale, as the dependent 
variable, to measure the effect of the 
intervention) 

 
• See Table 7.2 for details of assumptions 

• Post Hoc Tests (Little Self-efficacy in 
Test Taking Subscale) 

• Homogeneity of variance (Field & Hole, 
2003)  

• Tukey’s HSD (Honest Significance Test -
more here) if homogeneity of variance.  

• Latent Means Analysis 

• Measurement Invariance Testing 
Across Groups, Timepoints and Gender 

 

ANCOVA 

Assumptions 

• As per ANOVA plus homogeneity of 
slopes (Field, 2012) 

 

 

 
• See Table 7.2 for details of assumptions 

Note. Bold font indicates main analyses. 

 
Note. N = 145, n =59 intervention; n = 86 control. 
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Table 7.4 

Analyses and Assumptions for Research Question 2b: What do Self-efficacy in Test Taking 

Sum Scores Tell Us About Individual Test Anxiety? 

Analyses and Assumptions Details 

• MIMIC models (Multiple Indicators, 
Multiple Causes) 

• CFA on Children’s Test Anxiety Data 
(Goodness of fit statistics for latent 
factor) 

• Observed continuous covariate of the 
Self-efficacy in Test Taking Subscales. 

• (Finch and French, 2015; Brown, 2015) 

 

• For the Adapted Thoughts’ latent 
construct 
 

• Self-efficacy in Test Taking sum scores 
for both subscales 

Note. Bold font indicates main analyses. 

 
Note. N = 145, n = 59 intervention, n = 86 control. 
 
 
Table 7.5 

Analyses and Assumptions for Research Question 3: Do Feelings of Worry Predict How Well 

Students Self-efficacy Changes in the Intervention Group?  

Analyses and Assumptions Details 

• 2 x2 Mixed Factorial ANOVA. 

 
• 2 x 2 Mixed factorial ANOVAs (with 

timepoint and group as the independent 
variables and the sum scores on both Self-
efficacy in Test Taking subscales and the 
Adapted Thoughts’ subscale, as the 
dependent variable, to measure the effect 
of the intervention for students who have 
high test anxiety scores. 

 

• See table 7.2 for details of assumptions 

• Post Hoc Tests (Little Self-efficacy in 
Test Taking Subscale) 

• Homogeneity of variance (Field & Hole, 
2003)  

• Tukey’s HSD (Honest Significance Test) if 
homogeneity of variance.  

Note. Bold font indicates main analyses. 

 
Note. N = 31 
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Table 7.6 

Analyses and Assumptions for Research Question 4: Is There a Significant Difference 

Between the Groups in the Intervention Group Where the Researcher Delivered the 

Intervention?  

 

Analyses and Assumptions Details 

• 2 x2 Mixed Factorial ANOVA. 

 

• 2 x 2 Mixed ANOVAs (with Timepoint 
and Group as the independent variables 
and the sum scores on the Adapted 
Thoughts’ subscale, as the dependent 
variable, to measure differences in the 
effect of the intervention for students who 
received the intervention from me and 
from other teachers.  

• See table 7.2 for details of assumptions 

Note. Bold font indicates main analyses. 

 
Note. N = 62 
 

Table 7.7 

Analyses and Assumptions for Research Question 5: The SARS-CoV-2 Question. Is There a 

Difference in Feelings of Test Anxiety Between Students Who Sit High Stakes’ Paper Tests or 

Online Tests? (N = 51, n = 30 online tests, n = 21 paper tests) 

Analyses and Assumptions Details 

Independent t test  
• Scores in different treatment conditions are 

independent because they come from 
different people (Field, 2012) 

 
• Homogeneity of Variance  

 

 

 

• In theory we assume equal variances but in 
reality, we don’t. (Field, 2012) Violating this 
assumption only matters if you have unequal 
group sizes – if you don’t have unequal group 
sizes, the assumption is more or less irrelevant 
and can be ignored. N = 51 at pre-test and 
post-test (n = 30, online, n = 21, paper tests) 

 
 
Note. Bold font indicates main analyses.  
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7.1.1 Evaluating the Self-report Questionnaires 

Both questionnaires in this study use a four-point Likert type scale. Factor analyses 

are used to reduce the data and obtain a subscale with which to measure the cognitive 

element of test anxiety, worry, in the Children’s Test Anxiety Scale data (Wren & Benson, 

2004) and subscales with which to measure the Self-efficacy in Test Taking data.  

For the Children’s Test Anxiety Scale, an initial confirmatory factor analysis, 

followed by exploratory factor analysis, and then a final confirmatory factor analysis on all 

the data and by pre-test / post-test intervention and control groups, were carried out, to 

establish the Adapted Thoughts’ subscale to measure the worry element of test anxiety. (see 

Tables G.13 -G.22 for exploratory factor analyses). Cronbach’s alpha (Cronbach, 1951) is 

reported for the original subscale in all of the pre-test and post-test conditions and is 

acceptable (see Table 7.10). However, the decision to run further factor analysis was partly 

due to the results of the goodness and badness of fit statistics in the initial confirmatory factor 

analysis, especially the unacceptable RMSEA (Root Mean Square Error of Approximation) 

values. (see Table 7.9) RMSEA is a widely used and recommended index from the parsimony 

correction indices (Brown, 2015). RMSEA assesses how well a model fits reasonably well in 

the population. In addition, there have been developments in the test anxiety construct since 

2004 as identified by Putwain et al. (2020) and their new Multidimensional Test Anxiety 

Scale.  

I have used the RMSEA values as the main guide in assessing the fit of the proposed 

subscales. Values of 0 indicate a perfect fit and values near to 0, a good fit. Hu and Bentler 

(1999) recommend a RMSEA of 0.6 or less and CFI (comparative fit index) of 0.95 or greater 

where maximum likelihood is used as a good fit between the target model and the data. 

Browne and Cudeck (1993) suggest that RMSEA less than 0.8 is an adequate model fit and > 

0.10 should be rejected. The RMSEA values for the Children’s Test Anxiety Scale data are all 

> 0.10 for the initial confirmatory factor analysis on this data and thus the original subscale of 

thoughts is not a good fit to the data. (see Table 7.9) 

Measurement invariance is then conducted after the final confirmatory factor analysis 

to examine the proposed subscale across pre-test and post-test (timepoint) groups, 

intervention and control groups and gender groups. If measurement invariance ‘holds’ then 

the proposed subscale is a good measure for the different groups that need measuring (e.g., 

Finch & French, 2015). 
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The main measure that I took was the difference in CFI (Comparative fit index) 

between the different sequential stages of the process. CFI is a well-behaved fit index 

(Brown, 2015). The difference was established using a comparison of goodness of fit indices 

between the models and moving to the next stage if the CFI values did not exceed more than 

0.1(Chen, 2007) and verifying this result with probability of chi-square (Pr > Chi Sqr) 

statistic from an ANOVA that compared the two models. If the ANOVA results in a non-

significant value for the probability of chi-square, then the two models can be deemed the 

same and measurement invariance is said to hold and the next sequential step does not need 

to be taken. If the ANOVA is a significant value, then the measurement invariance proceeds 

to the next stage: configural to constrained to metric to scalar. 

For the Self-efficacy in Test Taking instrument, it is not possible to conduct an initial 

confirmatory factor analysis because it is a new measure and therefore there is no a priori 

study to draw upon. As with all new measures, it is appropriate to explore the number of 

factors through exploratory factor analysis (e.g., Putwain et al., 2020) although due to the 

sample size, the subscales have not been cross validated. This situation is a limitation of the 

process. Confirmatory factor analysis followed the exploratory factor analysis (e.g., Fabrigar 

et al., 1999). 

Factor analysis is the most commonly used evaluation for multiple item testing 

instruments such as questionnaires. It is also used for construct validation as demonstrated in 

the original search for a new test anxiety measure (Wren & Benson, 2004) and more recently 

in the development and validation of a new Multidimensional Test Anxiety Scale, MTAS 

(Putwain et al., 2020; von der Embse et al., 2021) and the evaluation of the TAQ C, Test 

Anxiety Questionnaire for Children (Donolato et al., 2019). 

Finally, the same process of measurement invariance was undertaken for the Self-

efficacy in Test Taking data as for the Children’s Test Anxiety Data, to test the confirmed 

subscales across timepoint, intervention and control and gender groupings. 

7.1.1.1 A Word About Fit Indices. The fit indices reported here are a combination of 

absolute fit indices (Chi Square and SRMR, standardized root mean square residual), and 

parsimony correction indices (RMSEA, root mean square error of approximation) and the 

comparative fit indices of CFI (Comparative Fit Index) and TLI (Tucker-Lewis Index).  
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The absolute fit index of Chi Square is known to be compromised and can be inflated 

by sample size. It is always recommended to report Chi Square but alongside other fit indices 

that can be relied upon more heavily (Brown, 2015). 

SRMR (standardized root mean square residual) is the measure of the difference in 

correlations which are input from the sample matrix to the correlations in the model matrix. 

The closer to 0 the better the model fit (Brown, 2015). Hu and Bentler (1999) suggest .08 as a 

good guideline. All of the tested models for the Adapted Thoughts’ subscale return a value of 

0.04 to 0.07 suggesting a good fit. (see Table 7.14; Table 7.15) 

The RMSEA (root mean square error of approximation) parsimony correction value is 

an error of approximation measure and measures how well the model fits the population. Hu 

and Bentler (1999) suggest values of 0.06 or below.  

Browne and Cudeck (1992) developed the Close fit measure of pCLOSE. This 

measure is the statistically significant test for RMSEA. pCLOSE is reported in this study and a 

value above the significance value of .00 is sought. However, a non-significant pCLOSE 

should be interpreted alongside the overall model fit (Brown, 2015).  

 The new Adapted Thoughts’ subscale that was tested for the data in this study and, in 

comparison to the original thoughts’ subscale for the data in this study has pCLOSE values 

that are all non-significant indicating good model fit (see Table 7.15). 

Comparative fit indices of CFI and TLI evaluate the fit of the sample specified model 

to a baseline model. Brown (2015) recommends using CFI and TLI as they are well-behaved 

comparative fit indices. Their values should be as near to 0.95 or greater. In the confirmatory 

factor analysis for the original thoughts’ subscale, none of the comparative fit indices in any 

of the groups or timepoints reaches 0.90 (see Table 7.9) whereas in the confirmatory factor 

analysis for the Adapted Thoughts’ subscales, tested in twelve different conditions, the CFI 

and TLI are > .90 in all but one case (see Table 7.14). These results suggest that the Adapted 

Thoughts’ subscale is a better measure than the original thoughts’ subscale for the data in this 

study. 

7.1.1.2 Issues for Likert Scale Data. The descriptive statistics and the histograms of 

responses to the items on the questionnaires for the different groups and timepoints show that 

the data are not normally distributed. This result is a common state that is assigned to Likert 

type data. (Norman, 2010) 
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Likert (1932) did not intend for each item of a questionnaire to be described 

separately. Likert suggested that the Likert scale (the original is a five-point scale) would 

generate an overall feel for the psychological construct of attitude which is what the original 

Likert scale was designed to measure. Rather than analysing the individual items, Likert 

combined the individual items via summation or taking the arithmetical mean. Likert data are 

treated as interval data in this study.  

Boone and Boone (2012) discuss how to analyse Likert data. In this brief article, the 

rationale for treating Likert data as interval data is outlined. Although there are Likert items 

on the questionnaires, that should merit treating the data as ordinal, no individual questions 

are analysed. It is only sum scores on the Adapted Thoughts’ subscale and sum scores on the 

Self-efficacy in Test Taking subscales that are analysed in this study and as such, the data can 

be treated as interval data and the corresponding parametric tests applied. Histograms for 

response frequencies and itemised descriptive statistics have also been included for detail 

(see Tables G.1 -G.8; H.1 -H.4; Figures G.1 -G.8; Figures H.1-H.14) 

Sullivan and Artino (2013), highlight the importance of being able to interpret Likert 

data accurately in the fields of medicine and education. They refer to the work of Dr. Geoff 

Norman. Norman (2010) reviewed the controversy surrounding whether or not Likert data 

can be treated as interval data and the conclusion is that using parametric tests is more robust 

for Likert data. Parametric tests are more likely to yield the right answer even when statistical 

assumptions, such as normal distribution of data, are not met. 

Furthermore, Carifio and Perla (2007) in listing ten myths about Likert data propose 

that whether Likert items are interval or ordinal, is not important as Likert scale data, can be 

taken to be interval. The authors completely dispel the myth that only non-parametric tests 

should be used for Likert data saying that “F is not made of glass”. (Carifio & Perla, p.110) 

This study uses analyses of the sum scores of subscales for the Adapted Thoughts’ 

subscale from the Children’s Test Anxiety Scale data, and the Self-efficacy in Test Taking 

and Little Self-efficacy Scale in Test Taking subscales from the Self-efficacy data.  

7.1.1.3 Justification for Factor Analysis. A brief history of the Children’s Test 

Anxiety Scale instrument will give the reader the context for the decision to conduct 

exploratory factor analysis after an initial confirmatory factor analysis, on the known measure 

of the Children’s Test Anxiety Scale (Wren & Benson, 2004). 



 118 

The original Children’s Test Anxiety Scale (Wren & Benson, 2004) questionnaire 

was developed after trying several models and the initial 50 item questionnaire was reduced 

to 30 items and then to 25. In this study, the 30 items scale was used as per the 

recommendations in the original paper (Wren & Benson, 2004). The authors stated that the 

25 items model did not improve the reliability significantly from the 30 items model. 

Interestingly, the four questions which show skew or kurtosis, or both, in the descriptive 

statistics of this study: Q8 ‘face feels hot’, Q17 ‘head hurts’, Q23 ‘hand-shakes’ and Q25 ‘go 

to the bathroom’ all belong to the autonomic subscale. Of these, Q8 and Q25 were removed 

to create the 25 items version of the questionnaire in the original development of this scale. 

Wren and Benson (2004) walk the reader through the process of establishing the 50 

items scale validity and the use of alpha coefficients to test the reliability of the overall scale 

and the three subscales. Confirmatory factor analysis of the 30 items scale, following the 

removal of 20 items, is reported in fit indices statistics for the initial sample and a cross 

validation sample. The authors report that the individual item loadings varied somewhat 

across the two samples. Nine of the 30 items had loadings that differed by > 0.10. The 

authors also wondered whether the correlations between thoughts and the autonomic 

reactions’ subscale were too high at 0.81 in the validation sample. Multicollinearity is 

measured at r = > .90 (Field, 2012) 

I decided to explore the factor structure of the Children’s Test Anxiety Scale for three 

reasons: 1. The uncertainty around item loadings; 2. Developments in the test anxiety 

construct indicating a need to consider test anxiety as a more multidimensional construct 

(Putwain et al., 2020) 3. The high RMSEA values from my initial confirmatory factor analysis 

(see Table 7.3)  

In commenting on the internal construct of the validity of the instrument, having 

tested the instrument across a validation sample, Wren & Benson (2004) say “in comparing 

specific loadings across two samples, it was noted that 9 of the 30 items had loadings that 

differed by > 0.10 (six of the nine were lower in the validation sample), thus while the three-

factor structure appears stable over the two samples, individual item loadings varied 

somewhat. Furthermore, the correlation among the Thoughts and Autonomic Reactions 

factors is perhaps too highly correlated in the validation sample (0.81) to say the factors are 

distinct”. (Wren & Benson, 2004, p. 237-238) 

Given the variability of the factor loadings encountered by the original scale  
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validation, I felt it was appropriate to proceed with an exploratory factor analysis of the 

Children’s test Anxiety Scale, as it is critical to have the knowledge of loadings between 

items and factors before conducting confirmatory factor analysis. (Worthington & Whittaker, 

2006). 

Moreover, since the Children’s Test Anxiety Scale (Wren & Benson, 2004) was 

created, test anxiety theory has developed. von der Embse et al. (2021) discuss the issue of 

new measures for test anxiety needing to represent the multidimensional nature of the test 

anxiety construct and point out that the most commonly used test anxiety measure is 40 years 

old.  

7.1.2 Evaluating the Intervention 

Once the items on the subscales for both questionnaires are determined from the 

factor analyses, further analyses on the sum scores obtained from these subscales are used to 

evaluate the effect of the intervention and answer the research questions. These analyses 

involve using 2 x 2 mixed ANOVAs and where there is an interaction, a Tukey Honest 

Significant Difference post hoc test. Homogeneity of slopes was tested prior to an ANCOVA 

to check the role of the pre-test score as a covariate on the data and where this assumption 

was not met, multi-level linear modelling was used. These are the main analyses for Research 

Questions 1, 2a and 3; the questions that evaluate the intervention. Chapters 9 discusses the 

results, interpretation and implementation of the intervention group and Chapter 10 reflects 

on the intervention and evaluates it further.  

7.2 Part 1, The Children’s Test Anxiety Scale Data 

The data from the 30-item questionnaire were reduced through factor analyses. 

Following the initial confirmatory factor analysis where the fit statistics of the original 

thoughts’ subscale were unacceptable and conscious of theoretical developments in the test 

anxiety construct, I used exploratory factor analysis. In this process, I was guided in testing 

the number of factors by the scree test (Cattell, 1961) and the parallel test (Horn, 1965) as 

recommended by Brown, (2015) that identifies the number of factors through eigenvalues 

(see Table 7.11) according to the Kaiser-Guttman rule (Kaiser, 1970; Guttman, 1954)  

Confirmatory factor analysis followed the exploratory factor analysis to establish the 

best subscale with which to measure the worry element of test anxiety in my data. In 

determining the subscale to use, I have looked at RMSEA, CFI and TLI values.  
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7.2.1 Descriptive Statistics for the Individual Items 

The following statistical analyses were conducted: mean, standard deviation, skew, 

kurtosis, and standard error for all of the items on the Children’s Test Anxiety Scale at pre-

test and post-test (timepoint sets) and intervention and control (groups sets) and for the 

original thoughts’ subscale, as identified by Wren & Benson (2004). (see Appendix G, Table 

G.1 – G.8) 

The descriptive statistics highlighted some items, all of which belong to the original 

Wren and Benson, (2004) autonomic reactions’ subscale of the Children’s Test Anxiety Scale 

questionnaire, with skew and /or kurtosis. The values for skew and kurtosis for normal 

distribution were taken from Field, 2009. (Skew + /-2, kurtosis +/-2). If we take the values of 

-2 to + 2, there was no skew or kurtosis in the data with the pre-test questionnaire with the 

intervention group. However, a pattern of skew and kurtosis emerges with some items in the 

intervention post-test group and in the control group in pre-test and post-test conditions. (see 

Table 7.8) 

Table 7.8 

Skew and Kurtosis Values for Some Items on the Children’s Test Anxiety Scale Data, n = 85 

 

 

Question Timepoint Group Skew Kurtosis 

Q8 Post-test Intervention   2.02 

Q17 Pre-test Control   2.01 

Q17 Post-test Intervention   3.03 

Q17 Post-test Control   2.12 

Q23 Post-test Intervention  3.14 

Q25 Pre-test Control  2.52 5.54 

Q25 Post-test Intervention  2.46 7.27 

Q25 Post-test Control  1.85 2.46 

Note. Acceptable values of Skew + 2, − 2. Acceptable values of Kurtosis + 2, − 2  
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If the majority of the subsequent analyses were to be carried out with the whole 30 

item measure, it might be worth omitting Q25 ‘While I am taking tests, I have to go to the 

bathroom’ as its kurtosis values are repeatedly high.   

Histograms taken for both timepoints pre and post, and both groups, intervention, and 

control, for the original subscale on the questionnaire, show the frequency distributions for 

the responses (see Appendix G, Figures G.1- G.4).  

 The histograms illustrate that the data is not normally distributed. However, it is 

common for self-report items to have non-normal distribution and the decision to use 

parametric rather than non-parametric tests in this study is an informed one. Justification for 

this decision is found in section 7.1.1.2. 

Violin plots show the frequency of responses for the Adapted Thoughts’ subscale at 

pre-test and post-test timepoint and for the intervention and control groups. (see Appendix G, 

Figures G.5 - G.8)  

7.2.2 Factor Analysis 

Following the justification for conducting factor analysis on a known measure, this 

section explores the assumptions for exploratory and confirmatory factor analyses for the 

Children’s Test Anxiety Scale data and reports the goodness and badness of fit statistics. The 

section finishes by detailing the items to be included on an Adapted Thoughts’ subscale that 

is used to measure the effect of the intervention. For all tables of results that are not included 

in the body of the thesis (see Appendix G) 

7.2.2.1 Initial Confirmatory Factor Analysis. The assumptions for confirmatory 

factor analysis are multivariate normality, a sufficient sample size (see 7.2.3.2), random 

sampling (see comment in Data Analytic Plan) and an a priori model specification (Brown, 

2015). The descriptive statistics (see Appendix G, Tables G.1 - G.8) have already shown that 

there was a pattern of skew and kurtosis with some of the items from the questionnaire, in the 

data. Shapiro-Wilk test for the pre and post timepoints and the intervention and control 

groups show clearly that the data is not normally distributed (see Appendix G, Table G.9) 

The data do not have a normal distribution as is typical of Likert type data. Therefore, 

in the final confirmatory factor analysis process, an “MLM” estimator with Satorra-Bentler 

method using Lavaan© in RStudio© was used in the maximum likelihood extraction. This 

estimator is recommended by Brown (2015) to avoid incorrect parameter estimates. 
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Reasons for using confirmatory factor analysis and subsequent measurement 

invariance on a smaller sample size are because the premise of one size does not fit all and 

this premise is applied to this study (see 7.2.3.1.). 

The assumption of an a priori model was met through the original Children’s Test 

Anxiety Scale (Wren & Benson, 2004) and through fear appeals research for primary 

(elementary) aged students (Putwain & Best, 2011) and a translation of the Children’s Test 

Anxiety Scale (Aydun & Bulgan, 2017).  

Confirmatory factor analysis was run on the data of the original 13 item thoughts’ 

subscale (see Table 7.9) to test the fit indices of the model to the data. Hu and Bentler (1999) 

suggest the following values as a guide for a reasonably good fit using the ML, maximum 

likelihood method of extraction: Chi- square – the lower the better; RMSEA close to 0.06; 

PClose > 0.05; CFI and TLI close to 0.95 or greater. 

Table 7.9 

Fit Indices Statistics for the Original Thoughts’ Subscale with the Children’s Test Anxiety 

Scale Data in This Study, n = 85, N = 340. 

Timepoint  

and Group 

X² df p RMSEA pCLOSE CFI TLI SRMR 

Pre -test I 118.54 65 .00 0.10 .00 0.85 0.82 0.08 

Post-Test I 134.39 65 .00 0.11 .00 0.87 0.85 0.08 

Pre-test C 163.54 65 .00 0.13 .00 0.76 0.71 0.10 

Post-test C                                                   176.89 65 .00 0.14 .00 0.80 0.76 0.08 

All data 220.55 54 .00 1.00 .00 0.89 0.87 0.06 

Note. I = intervention group. C = Control group 

Note. X² = Chi-square; df = degrees of freedom; RMSEA = Root Mean Square Error of 

Approximation; pCLOSE = value of RMSEA; CFI = Comparative Fit Index; TLI = Tucker-

Lewis Index; SRMR = Standardized Root Mean Square Residual  

 

Across all the data and also for intervention and control groups, at pre and post 

timepoints, the fit indices suggest that the original thoughts’ subscale is not a good fit for the 
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data in this study. All of the RMSEA measures were 0.10 or more. For SRMR, the measure 

was 0.08 apart from the last condition and neither CFI nor TLI were above 0.90 for any of the 

groups or timepoints or with the whole data set N = 340. 

Cronbach’s alpha was also measured for this subscale with this data in the different 

conditions. (see Table 7.10) 

Table 7.10 

Cronbach’s Alpha for the Original Thoughts’ Subscale, n = 85, N = 340 

Timepoint Group Cronbach’s Alpha 

Pre-test  intervention 0.80 

 control 0.75 

Post-test  intervention 0.91 

 control 0.75 

All Data  0.88 

Note. Children’s Test Anxiety Scale Data Across the Intervention and Control Groups at Pre 

and Post Timepoints. 

Although the alpha values are acceptable (e.g., Field & Hole, 2003), confirmatory 

factor analysis is used to estimate the scale reliability in a way that avoids the problems 

associated with the more traditional methods such as Cronbach’s alpha. (Brown, 2015). 

Exploratory factor analysis should show what is happening to the loadings onto the latent 

variables or factors that have resulted in the unacceptable RMSEA values (see Tables 7.12; 

7.13). 

7.2.2.2 Follow Up Exploratory Factor Analysis. The first assumption to meet for 

exploratory factor analysis is the Kaiser-Meyer-Olkin test for Sampling Adequacy, (Kaiser, 

1970). It can be calculated for individual and multiple variables and is the ratio of the squared 

correlation between the variables to the squared partial correlation between variables. (Field, 

2012). The value varies between 1 and 0 and are detailed in flamboyant terms by Kaiser 

himself: 

in the .90s marvellous, 
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in the .80s meritorious, 

in the .70s middling, 

in the .60’s mediocre, 

in the .50’s miserable, 

below .50 unacceptable. 

The Kaiser-Meyer-Olkin sampling values for the questionnaires involved in this study 

with both the intervention groups and the control groups for the Children’s Test Anxiety 

Scale at the pre and post timepoints indicate that the data would benefit from factor analysis. 

All but one of the results are in the upper section of Kaiser’s measure. (see Appendix G, 

Table G.10) 

A second assumption to meet for exploratory factor analysis is Bartlett’s Test of 

Sphericity. This test examines whether a variance-covariance matrix is proportional to an 

identity matrix. (Field, 2012). This test establishes if there is a redundancy between any of 

the variables that we can summarise with a number of factors. The null hypothesis of the 

Bartlett’s Test for Sphericity is that the variables are orthogonal or not correlated. The test 

needs to establish if there are significant correlations amongst some of the variables. For 

factor analysis to work, some relationships between the variables are needed. A significant 

test of Bartlett’s Test for Sphericity is required. 

The Bartlett’s Test for Sphericity for the questionnaires involved in this study with 

both the intervention groups and the control groups for the Children’s Test Anxiety Scale at 

the pre and post timepoints indicate that factor analysis for the Children’s Test Anxiety Scale 

data may be useful because all the results were significant. (see Appendix G, Table G.11) 

A third assumption to meet prior to exploratory factor analysis is about the 

correlations for the Children’s Test Anxiety Scale data for both the intervention and control 

groups and at pre and post timepoints. However, there are assumptions that need to be met 

before running correlation analyses: multicollinearity and singularity.  

Although, it is hoped that some of the 30 items show a relationship to each other, if 

the relationship is too high r = > .90, or are perfectly correlated, singularity, r = 1 (Field, 

2012) then there may not be identifiable factors. Field (2012) refers to mild multicollinearity 

not being a problem for factor analysis, but extreme multicollinearity is a problem. 

Correlation coefficients and significance values were calculated using Corrplot © in 
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RStudio© to see if any item had the majority of values greater than 0.5. The function ‘hclust’ 

was also used to group the variables hierarchically.  

Although, it is known from the original Children’s Test Anxiety Scale paper (Wren & 

Benson, 2004) that the items correlate well and without multicollinearity, there was a concern 

about the correlation between autonomic reactions and thoughts’ subscales in the validation 

sample. A value of alpha = 0.81 was recorded. In this study, correlation plots were generated 

for both groups at both timepoints to get a visual interpretation of the way the variables 

correlate with each other. Visual reference charts as well as numeric ones are provided (see 

Appendix G, Figures, G.9 – G.16). The method chosen was Pearson as although the data is 

not normally distributed it is not a small sample size < 30 (Field, 2012) 

Multicollinearity was also tested by calculating the determinant of the R matrix 

ensuring that the value is greater than 0.00001 (Field, 2012). In the case of multicollinearity, 

Field (2012) recommends looking through the items for variables that correlate very highly 

(R > .8) and to think about eliminating these. He says it is a process of trial and error. Given 

the determinant values (see Appendix G, Table G.12) and the evidence for multicollinearity, 

the decision was made not to remove items at this stage but after the exploration of items 

onto factors. Furthermore, as a single subscale for thoughts is being sought from all of the 

items, it is not necessary to remove any items by trial and error at the outset of exploratory 

factor analysis; this removal can be done as the process concludes. In addition, the correlation 

coefficient values were checked to see that they were in the range of + 1 / − 1. (Field, 2013). 

(see Appendix G, Figures G.9 – G.16).  

The fourth and last assumption to meet prior to exploratory factor analysis is the 

assumption of normality. This assumption was tested in the first confirmatory factor analysis 

stage with the Children’s Test Anxiety Scale data for pre and post-test timepoints and groups 

using the Shapiro-Wilk test. (see Appendix G, Table G.9) As is typical of Likert data, the 

distribution of scores was not normal for any timepoint or group as no significance values 

were greater than .05.  

7.2.2.2.1 Decisions in the Exploratory Factor Analysis Process. Having considered 

the assumptions for exploratory factor analysis in the Kaiser-Meyer-Olken test for Sampling 

Adequacy and Bartlett’s Test of Sphericity and consulted multicollinearity and singularity of 

correlation values, it is now necessary to decide on the factor extraction method. 
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In this study, exploratory factor analysis for all the data and for the intervention and 

control groups at both pre and post timepoints was conducted using scree tests (Cattell, 1966) 

where the line of the graph acts as a cut-off point to determine factors. In addition, parallel 

analysis (Horn, 1965) which works by creating a random data set with the same number of 

observations and variables to determine factors, and the use of the Kaiser-Guttman rule 

(Guttman, 1954; Kaiser, 1970) where eigenvalues of > 1 determine how many latent 

variables or factors there are in a particular data set, was also used. (see Table 7.11) 

The sample size for each group and each timepoint is n = 85 and a value of .4 (salient) 

Brown (2015) or more was considered as a loading onto the factor. Grice (2001) refers to the 

importance of the decision-making processes involved in factor extraction and how small 

differences in method can affect the results.  

The method of extraction was ML, maximum likelihood. This method is the most 

appropriate given that the observed measures in the Children’s Test Anxiety Scale data set do 

approximate an interval level measurement scale. (Brown, 2015). The main advantage in 

using maximum likelihood as the method for factor extraction is that it will evaluate how 

well the factor solution can reproduce the relationships among the indicators in the input data 

statistically and provides fit indices measures. (Brown, 2015). The Satorra-Bentler “MLM” 

estimator was used to avoid biased standard errors (Brown, 2015). 

It is important to explore and ascertain the optimal number of factors in exploratory 

factor analysis. Choosing too few or too many factors can result in considerable error (E.g., 

Costello & Osborne, 2005). Brown (2015) suggests that a firm theoretical background and 

previous experience with the variables will help in the evaluation of the factors determined.  

The initial confirmatory factor analysis, the exploratory factor analysis, and the 

existence of a priori models have contributed to my feeling of familiarity with the items on 

the measure. The pilot study and test anxiety theory covered in the literature review, plus the 

knowledge from other studies that use the Children’s Test Anxiety Scale, as a measure for 

test anxiety (e.g., Putwain & Best, 2011), provide a firm theoretical background. 

The rules for sample size in exploratory factor analysis have some flexibility. Costello 

and Osborne (2005) suggest that sample size should be reached through examining the nature 

of the data and the strength of the item loadings onto the factors. The sample for the 

intervention and the control group were n = 85 respectively, and the number of items on the 
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instrument is thirty. I looked at each condition, pre-test / post-test, intervention, and control to 

gain a picture of how the items were loading. 

The factors were examined to avoid cross-loadings or no loadings. Factors need to be 

clear with several indicators that have strong factor scores aligned to it. Factors that have two 

or three indicators only are not strong Brown, (2015)  

The rotation method selected was oblique. Rotation is performed to give the solution 

with the best simple structure (Thurstone, 1947). Oblique rotation allows the factors to 

correlate. Orthogonal rotations produce factors that are uncorrelated (Costello & Osborne, 

2005) and given that Wren and Benson (2004) report a high correlation between the 

autonomic reactions and thoughts’ subscales, oblique rotation using the ‘promax’ function in 

RStudio ©is the best choice for this study. If there is a suspected correlation between the 

factors, then the oblique rotation will give a more accurate representation of these 

relationships. (Brown, 2015) 

I am satisfied that I have fulfilled the criteria suggested by Brown (2015) for the 

exploratory factor process. I have chosen the correct estimator, determined the appropriate 

number of factors through scree plot and parallel analysis, used the correct rotation given 

what I know of the measure, interpreted the factors, and evaluated the quality of the solutions 

through eliminating poorly defined factors and poorly behaved items and by testing various 

three and four factor models. I have not been able to test the factor structure on another 

sample. I have not created factor scores to check for indeterminacy as I will be following the 

exploratory factor analysis with confirmatory factor analysis where indeterminacy is not such 

an issue (Brown, 2015). 
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Table 7.11 

Eigenvalues >1 for the Children’s Test Anxiety Scale Data, n = 85, N = 340 

Timepoint  Group Scree Test Parallel Analysis 

Pre-test  intervention 3 factors, eigenvalue > 1    3 factors, eigenvalue > 1    

Pre-test  control 3 factors, eigenvalue > 1     

(one further factor just on 

the line) 

 

4 factors, eigenvalue >1 

Post-test  intervention 3 factors, eigenvalue > 1              3 factors, eigenvalue > 1       

(one further factor just 

on the line) 

 

Post-test  control 2 factors, eigenvalue > 1 

(two further factors on the 

line) 

3 factors, eigenvalue > 1       

(one further factor just 

on the line) 

 

All data   3 factors eigenvalue > 1 3 factors eigenvalue > 1 

Note. Scree test (Cattell, 1966), Parallel analysis (Horn, 1965) 

 

Given the results of the scree test (Cattell, 1966) and the parallel analysis (Horn, 

1965), the decision was made to explore a three factor and a four-factor model for all the 

groups at the different timepoints. 

For ease of reference, I have included fit statistics, chi-square, degrees of freedom and 

the p value of chi square for both the intervention and control groups and at the pre and post 

timepoints in the body of the thesis (see Table 7.12). For factor loadings for the three factor 

and four factor models (see Table 7.13).   
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Table 7.12 

Fit Indices Statistics for Exploratory Factor Analysis Using Lavaan© in RStudio©, n = 85. 

Group, 

Timepoint, 

Factors 

RMSEA RMSR TLI   X² / df p. Value 

of X² alpha 

Intervention 

Pre-test x3 
0.04 0.06 0.92 394.12 /348df .04  0.88 

Intervention 

Pre-test x4 
0.03 0.06 0.95 348.58 /321df .139 0.87 

Intervention 

Post-test x3 
0.07 0.07 0.80 487.56 /348df < .001  0.92 

Intervention 

Post-test x4 
0.06 0.06 0.83 429.57/321df < .001  0.91 

Control 

Pre-test x3 
0.06 0.08 0.77 471.15 /348df < .001  0.84 

Control 

Pre-test x4 
0.05 0.07 0.83 402.13 /321df .0014  0.84 

Control 

Post-test x3 
0.06 0.07 0.84 459.30/348df < .001  0.87 

Control 

Post-test x4 
0.05 0.06 0.88 396.55 /321df .002  0.88 

 

 

Note. Children’s Test Anxiety Scale Intervention and Control Groups at Both Pre and Post-

test and with Three and Four Factor Extraction and with Cronbach’s Alpha 

Note. RMSEA = Root Mean Square Error of Approximation; RMSR = Root Mean Square 

Residual; TLI  = Tucker-Lewis Index; X² = Chi-square; alpha = Cronbach’s alpha. 
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Table 7.13 

Factor Loadings for the Different Conditions - Children’s Test Anxiety Scale for This Study 

Item                                                           Condition 

                        1               2              3               4              5               6               7               8 

Q1 0.53
t
 0.42

t
 0.54

t
 0.45

t
  0.47

4
  0.47

t
 

Q2 0.65
a
 0.73

a
 0.55

a
 0.59

a
 0.61

a
 0.58

a
 0.88

a
 0.73

a
 

Q3 0.80
o
 0.74

t
 0.69

o
 0.60

o
  0.90

o
  0.74

4
 

Q4 0.40
t
  0.56

a
  0.40

a
 0.60

a
 0.84

a
 0.60

a
 

Q5 0.74
t
 0.71

t
 0.53

t
 0.58

t
 1.02

t
 1.03

t
 1.05

t
 1.12

t
 

Q6 0.52
o
    0.62

t
 0.57

t
 0.45

t
 0.46

t
 

Q7 0.52
o
 0.92

o
 0.41

o
 0.74

4
 0.52

o
  0.66

o
 0.53

o
 

Q8 0.80
a
 0.84

a
 0.65

a
 0.84

a
 0.44

a
 0.49

a
 0.46

a
 0.69

a
 

Q9 0.86
t
 0.92

t
 0.84

t
 0.92

t
 0.70

t
 0.65

t
 0.85

t
 0.91

t
 

Q10 0.72
a
 0.64

a
 0.54

a
 0.56

a
 0.65

a
 0.77

a
 0.50

a
 0.62

a
 

Q11 0.41
t
 0.42

t
 0.71

t
 0.73

t
   0.49

t
 0.55

t
 

Q12    0.41
a
 0.58

o
 0.55

o
 0.74

o
 0.71

o
 

Q13   0.49
t
 0.43

o
 0.77

o
 0.79

4
   

Q14 0.44
t
 0.45

o
 0.56

o
 0.41

o
  0.60

o
 0.69

o
 0.57

o
 

Q15 0.43
o
 0.56

4
 0.53

t
 0.66

o
 0.52

o
   0.41

t
 

Q16   0.53
t
 0.44

t
 0.44

t
 0.40

t
  0.49

t
 

Q17 0.53
a
 0.45

a
 0.49

a
  0.60

a
 0.60

a
  0.49

a
 

Q18 0.71
o
 0.47

o
 0.60

o
 0.45

o
  0.64

o
  0.77

4
 

Q19 0.63
t
 0.57

t
 0.65

t
 0.75

t
 0.76

t
 0.69

t
 0.69

t
 0.76

t
 

Q20 0.76
a
 0.78

a
 0.57

a
 0.77

a
 0.45

o
  0.64

a
 0.87

a
 

Q21 0.43
a
 0.41

a
 0.56

t
 0.51

t
 0.47

o
 0.56

a
 0.44

o
  

Q22 0.42
o
    0.47

o
  0.85

o
 0.75

o
 

Q23 0.69
a
 0.59

a
 0.69

a
 0.49

a
 0.53

a
 0.53

a
 0.62

a
 0.63

a
 

Q24 0.64
t
 0.78

t
 0.72

t
 0.66

t
     

Q25 0.49
o
  0.49

a
 0.44

4
     

Q26  0.56
o
 0.40

o
 0.48

4
 0.74

o
 0.44

4
   

Q27 0.80
t
 0.83

t
 0.78

t
 0.89

t
 0.50

t
 0.46

t
 0.49

t
 0.43

t
 

Q28 0.47
a
 0.48

t
 0.63

t
 0.74

t
 0.46

a
 0.61

a
 0.44

a
  

Q29 0.47
a
 0.48

t
 0.69

t
 0.73

t
 0.40

o
  0.41

o
  

Q30 0.90
o
 0.66

o
 0.68

o
 0.68

o
 0.56

o
  0.49

o
 0.43

o
 

 

Note: a 
= autonomic subscale, 

t 
= thoughts’ subscale, 

o 
= off task behaviours subscale,  

4
 = fourth unnamed factor. For conditions see following list: 
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Note. The different three and four factor intervention and control groups at pre and post 

timepoint are detailed in the conditions below. 

Condition 1: Loadings for Three Factors with the CTAS Pre-test Intervention Group 

Condition 2: Loadings for Four Factors with the CTAS Pre-test Intervention Group 

Condition 3: Loadings for Three Factors with the CTAS Post-test Intervention Group  

Condition 4: Loadings for Four Factors with the CTAS Post-test Intervention Group  

Condition 5: Loadings for Three Factors with the CTAS Pre-test Control Group  

Condition 6: Loadings for Four Factors with the CTAS Pre-test Control Group  

Condition 7: Loadings for Three Factors with the CTAS Post-test Control Group  

Condition 8: Loadings for Four Factors with the CTAS Post-test Control Group  

 

7.2.2.3 Trial Adaptations for confirmatory factor analysis of the subscale 

adapted thoughts. The loadings were examined in all the different conditions for cross 

loadings, no loadings, anomalous loadings and consistency of loadings to factors (see Table 

7.8). From these results, three different adaptations were tried with further confirmatory 

factor analysis. 

Adaptation 1: Thoughts: Q1 ‘Wonder if I will pass’, Q4, ‘Feel nervous’, Q5 ‘Think I 

will get a bad result’, Q9 ‘I worry about failing’, Q11 ‘I worry about doing something 

wrong’, Q16 ‘I should have studied more’, Q19 ‘I think most of my answers are wrong, Q27 

‘I think how badly I am doing’, Q28 ‘I feel scared’. (Q4 and Q28 incorporated from the 

autonomic reactions’ subscale) 

Adaptation 2: Thoughts: Q1 ‘Wonder if I will pass’, Q4, ‘Feel nervous’, Q5 ‘Think I 

will get a bad result’, Q9 ‘I worry about failing’, Q11 ‘I worry about doing something 

wrong’, Q16 ‘I should have studied more’, Q19 ‘I think most of my answers are wrong, Q27 

‘I think how badly I am doing’ (Q4 incorporated from the autonomic reactions’ subscale). 

Adaptation 3: Thoughts: Q1 ‘Wonder if I will pass’, Q5 ‘Think I will get a bad 

result’, Q9 ‘I worry about failing’, Q11 ‘I worry about doing something wrong’, Q16 ‘I 

should have studied more’, Q19 ‘I think most of my answers are wrong, Q27 ‘I think how 

badly I am doing’, Q28 ‘I feel scared’. (Q28 incorporated from the autonomic reactions’ 

subscale) 

Wren & Benson (2004) and the development of the Children’s Test Anxiety Scale 

note loadings being inconsistent across the validation sample and this inconsistency is 
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mirrored in the exploratory factor analysis findings from this study with items Q4 ‘I feel 

nervous’ and Q28 ‘I feel scared’ cross loading onto the autonomic reactions and thoughts’ 

subscales.  

The items that are omitted from the Adapted Thoughts’ subscale and the reasons for 

the decisions are detailed here: Q6 (hard to remember the answers) failed to load in three 

conditions, loaded onto thoughts’ three times and off task behaviours twice; Q13 (think what 

my result will be) failed to load in four conditions, loaded onto thoughts’ once, two loadings 

onto off task behaviours and one loading onto a fourth factor; Q15 (wonder if my answers are 

right) failed to load in two conditions, three loadings onto off task behaviours, two loadings 

onto thoughts’ and one loading onto a fourth factor; Q21(worry how hard the test is) failed to 

load in one condition, three loadings onto autonomic reactions, two loadings onto off task 

behaviours and two loadings onto thoughts; Q24 (think what will happen if I fail) failed to 

load in four conditions on any subscale and loaded onto the thoughts’ subscale for all four 

intervention conditions; Q29 (worry what my parents will say) failed to load in two 

conditions, two loadings onto off task behaviours, one loading onto autonomic reactions and 

three loadings onto the thoughts’ subscale.  

In the context of scale development research, Worthington and Whittaker’s (2006) 

systematic review of new scale development articles from 1995-2004, found ten papers 

where confirmatory factor analysis followed directly on from exploratory factor analysis in 

confirming the validity of a scale measurement. This method is supported also by Fabrigar et 

al. (1999), who refer to the process as being useful in conjunction with one another. Others 

suggest splitting the data set in half and using exploratory factor analysis on half of the data 

and confirmatory factor analysis on the other half. (e.g., Putwain et al., 2020). This process 

necessarily depends upon sample size (Fabrigar et al.,). Gerbing and Hamilton (1996) suggest 

that exploratory factor analysis prior to cross-validation with confirmatory factor analysis is 

useful. I did not split the data in half in this study and as such the Adapted Thoughts’ 

subscale needs to be cross validated with another sample. 

Following the exploratory factor analysis where the emphasis was on exploring the 

correlation coefficients to determine the latent factors to establish the subscales, a further 

confirmatory factor analysis was conducted on the Children’s Test Anxiety Scale, adapted 

version of the thoughts’ subscale. 
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7.2.2.4 Confirmatory Factor Analysis of the Adapted Thoughts’ Subscale. The 

benefits of confirmatory factor analysis to exploratory factor analysis are well documented 

(Brown, 2015). The process of confirmatory factor analysis in this study is driven by the prior 

research that confirmed the three factor or subscale structure of the Children’s Test Anxiety 

Scale instrument for measuring test anxiety (Wren & Benson, 2004).  

Whilst exploratory factor analysis allows the variables to load freely onto the factors, 

in confirmatory factor analysis all aspects of the model to be tested are specified. 

Measurement invariance measures a latent variable across different groups and timepoints to 

test for consistency of the subscale with different groups and at different times. In this study, 

measurement invariance is carried out for the pre and post-test timepoints and with the 

intervention and control groups and with gender groups to test for consistency in the subscale 

across different groups. 

7.2.2.5 Assumptions for confirmatory factor analysis. As outlined in section 

7.2.2.1, there are some assumptions that I had to test on the data before I could run the final 

analyses.  

The different versions of the Adapted Thoughts’ subscale were tested across the pre 

and post timepoints and with the intervention and control groups and with all of the data to 

see if it is a good measure for the cognitive element of test anxiety or worry in 10-to 11-year-

olds. For confirmatory factor analysis fit indices’ results for the different adaptations of this 

subscale (see Table 7.14; Table 7.15) 

Overall, the Adapted Thoughts’ subscale for the Children’s Test Anxiety Scale data is 

a better fit (see Table 7.14; Table 7.15) than the original 13 item model from 2004 (see Table 

7.9) 
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Table 7.14 

Fit Indices Statistics for the Three Different Versions of the Adapted Thoughts’ Subscale with 

the Children’s Test Anxiety Scale Data (n = 85) 

 

Adaptation 

Timepoint Group 
X² df p RMSEA pCLOSE CFI TLI SRMR 

Adaptation 1 (Q4+Q28)        

Pre-test I  47.33 27 .09 0.94 0.06 0.92 0.89 0.07 

Post-test I 35.55  27 .12 0.06  0.35  0.97 0.96  0.05 

Pre-test C 39.94 27 .05 0.75 0.20 0.94 0.92 0.06 

Post-test C  49.42 27 .00  0.10 0.04 0.92 0.90  0.07 

Adaptation 2 (Q4)         

Pre-test I 24.28  20 .23 0.05 0.46 0.98 0.97 0.06  

Post-test I  31.18 20 .05 0.08 0.17 0.96 0.94 0.05 

Pre-test C 31.41 20 .05 0.08 0.17 0.92 0.94 0.06 

Post-test C 30.10 20 .07 0.08 0.21 0.96 0.95 0.05 

Adaptation 3 (Q28)         

Pre-test I 32.91 20 .03 0.09 0.13 0.94 0.91 0.06 

Post-test I 26.67 20 .14 0.06 0.34 0.98 0.97 0.05 

Pre-test C 22.21 20 .33 0.04 0.57 0.99 0.98 0.05 

Post-test C 34.06 20 .03 0.09 0.10 0.95 0.93 0.06 

Note. I = intervention group. C = Control group. 

Note. X² = Chi-square; df = degrees of freedom; RMSEA = Root Mean Square Error of 

Approximation; pCLOSE = value of RMSEA; CFI = Comparative Fit Index; TLI = Tucker-

Lewis Index; SRMR = Standardized Root Mean Square Residual  
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Table 7.15  

Fit Indices Statistics for the Three Different Versions of the Adapted Thoughts’ Subscale with 

the Children’s Test Anxiety Scale Data (N = 340) 

Adaptation        X²          df             p      RMSEA   pCLOSE   CFI       TLI      SRMR 

Adaptation1(Q4, Q28) 97.07 27 .00 0.09 .00 0.93 0.91 0.05 

Adaptation 2 (Q4) 52.09 20 .00 0.07 .08 0.97 0.95 0.04 

Adaptation 3 (Q28) 62.49 20 .00 0.08 .02 0.96 0.94 0.04 

Note. X² = Chi-square; df = degrees of freedom; RMSEA = Root Mean Square Error of 

Approximation; pCLOSE = value of RMSEA; CFI = Comparative Fit Index; TLI = Tucker-

Lewis Index; SRMR = Standardized Root Mean Square Residual  

 

Based on the fit indices results from the confirmatory factor analysis and from what is 

known of the loadings from exploratory factor analysis and taking into account test anxiety 

theory, the Adapted Thoughts’ subscale to be used in the main analyses is Adaptation 3: 

Q1 ‘While I am taking tests, I wonder if I will pass’ 

Q5 ‘While I am taking tests, I think I’m going to get a bad result’ 

Q9 ‘While I am taking tests, I worry about failing’ 

Q11 ‘While I am taking tests, I worry about doing something wrong’ 

Q16 ‘While I am taking tests, I think I should have studied more’ 

Q19 ‘While I am taking tests, I think most of my answers are wrong’ 

Q27 ‘While I am taking tests, I think how badly I am doing’ 

Q28 ‘While I am taking tests, I feel scared’. 

Although the goodness of fit statistics across the whole data set are slightly better for 

adaptation 2, the loadings for Question 4 ‘I feel nervous’ are mainly on the autonomic 

reactions’ subscale in the exploratory factor analysis in comparison to Question 28 which 

loads three times onto the thoughts’ subscale and with high values. (see Table 7.13) In 
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addition, given the similarity in meaning of ‘nervous’ and ‘scared’, I think it is better to use 

Q28 that loaded onto the thoughts or cognitive subscale.  

7.2.3 Measurement Invariance  

The Adapted Thoughts’ subscale is adaptation 3 and includes Q28 ‘I feel scared’.  

Adaptation 3: Thoughts: Q1 ‘Wonder if I will pass’, Q5 ‘Think I will get a bad 

result’, Q9 ‘I worry about failing’, Q11 ‘I worry about doing something wrong’, Q16 ‘I 

should have studied more’, Q19 ‘I think most of my answers are wrong, Q27 ‘I think how 

badly I am doing’, Q28 (Q28 incorporated from the autonomic reactions’ subscale). 

To establish that the Adapted Thoughts’ subscale has the same meaning to groups 

across the different measures of time and intervention and control groups, multi group 

confirmatory factor analysis to test for measurement invariance (Finch and French, 2015) has 

been calculated. The Adapted Thoughts’ subscale has been constructed following an 

exploratory factor analysis that showed some cross loadings of items onto the thoughts and 

autonomic reactions. The main difference being tested is item Q28 ‘I feel scared’ as a 

cognitive element rather than an autonomic reaction.  

The principle of measurement invariance is important in establishing scale 

development (Brown, 2015; von der Embse et al., 2021) and the purpose is to establish an 

equivalence of meaning for the construct across time and groups. (Putnick & Bornstein, 

2016). In this way, the Adapted Thoughts’ subscale will be tested across the intervention and 

control groups and also across boys and girls for multi group invariance and across 

timepoints for longitudinal invariance. There are four main steps to testing measurement 

invariance: configural, metric, scalar and strict.  

Configural invariance assumes that the number of latent variables and their observed 

indicators is the same for all groups of the population. If this result is true, we can say that a 

model’s parameters are invariant across the groups. Following configural invariance, we test 

for metric invariance where factor loadings are tested across the groups for equivalency. The 

next step in the measurement model is to test for scalar invariance where we examine the 

invariance of the factor model intercepts. The final step in the process is to test for residual 

invariance. This step tests for factor and error invariance. Residual invariance is not a 

necessary part of the process of testing to be able to test for latent means differences because 

the residuals are not part of the latent factor. (Putnick & Bornstein, 2016).  
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The results are reported using ChiSquare and its p value, although both of these 

statistics are sensitive to sample size and cannot always be relied upon. Badness of fit index 

RMSEA, goodness of fit CFI, !CFI,	TLI and also SRMR are reported.  

The results (Appendix G, Tables G. 23 – G. 28) show that measurement invariance 

holds across the configural to constrained to metric, scalar and strict models for the 

timepoints. However, this result is not the case with the intervention and control groups in the 

strict factor to strict error stage where	!CFI is 0.3. Bialosiewicz et al. (2013) suggest that it is 

unreasonable to expect equality in the strict invariance model across groups or across time. 

Brown (2015) and Putnick and Bornstein (2016) argue that tests for residual invariances are 

optional and that ascertaining and evaluating equal error variances is not really necessary in 

the majority of research studies.  

The !CFI is within the acceptable levels at the configural, metric and scalar stages of 

the comparison across the intervention and control groups and so this result is accepted as 

measurement invariance. 	

Therefore, measurement invariance holds for the Adapted Thoughts’ subscale for the 

Children’s Test Anxiety Scale data across the intervention and control groups, the pre-test 

and post-test timepoints and across the gender groups of boys and girls.  

If the configural, metric and scalar models hold invariance across their group or 

timepoint, it is possible to continue to conduct further tests for population heterogeneity; 

these are: tests for the equality of factor variances, the equality of factor covariances (not 

applicable in this study as only one factor is being measured) and the equality of latent 

means. Brown (2015) suggests that comparison of latent means in confirmatory factor 

analysis is comparable to, but stronger than, ANOVA. This suggestion is because the 

comparison of means is being conducted in the context of the measurement model. Latent 

means and ANOVA were used in this study and are reported in Chapter 8. The results are not 

compared with each other, but I wanted to use latent means in addition to the more traditional 

ANOVAs because I had taken the multigroup confirmatory factor analyses to a point where I 

was able to use the latent means’ calculations.  

In this study, measurement invariance has been proved across the timepoints of pre 

and post-test, across gender, and across intervention and control groups. (N = 170) This result 

means that the Adapted Thoughts’ subscale is a reliable construct to use with this data and 
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across the different groups. (see Figure 7.1) However, before this subscale can be used more 

widely, it needs to be cross validated with another sample. 

7.2.3.1 Sample Size for Measurement Invariance for the Adapted Thoughts’ 

Subscale, Children’s Test Anxiety Scale Data. The required sample size for SEM has been 

discussed at length over the years. The sample size in this study is N = 340 for the 

intervention and control groups combined with pre-test and post-test for the Children’s Test 

Anxiety Scale data. Marsh et al. (1998) have suggested that when N = 100, there should be at 

least four items per factor in the model. For this part of the study, there are eight items to one 

factor.  

Wolf et al. (2013) debate the issue of sample size requirements and conclude that 

there is no one size fits all. Various rule of thumb measures evolved over the years, but Wolf 

et al. (2013) look for a more accurate approach. Using the Monte Carlo method of data 

simulation techniques, they concluded (amongst other model results) that a one factor, six 

indicator model requires sample sizes of 90, 60 and 40 with loadings of .50, .65 and .80 

respectively. The Adapted Thoughts’ subscale has met these sample size requirements. 

The estimator used in all the measurement calculations is Satorra Bentler “MLM”. 

This estimator has been used because the data does not have a normal distribution and the 

Satorra-Bentler method is a robust measure to correct for this broken assumption. 

Figure 7.1 

The Adapted Thoughts’ Subscale for the Children’s Test Anxiety Scale Data, N =340  
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There are eight items with 16 indicators depicted and the loadings or standardized 

regression coefficients and the error variances. Apart from item Q1, the values are all at 0.50 

or more. Cronbach’s alpha for the Adapted Thoughts’ subscale for all the data is alpha = 

0.82 which is an acceptable level. 

7.3 Part II: Self-efficacy In Test Taking  

The Self-efficacy in Test Taking instrument was created by me. Putwain and Aveyard 

(2018) and Putwain and Pescod (2018) refer to control and academic buoyancy in managing 

the state, trait problem of test anxiety. The aim of the intervention was to make 10-to 11-

year-olds feel more self-efficacious about taking tests and thus reduce the worry element of 

test anxiety. It was necessary to create an instrument to try and measure Self-efficacy in Test 

Taking as, to my knowledge, there are none. 

The Self-efficacy in Test Taking instrument (Appendix A) was designed using 

Bandura’s guidance on constructing self-efficacy questionnaires for different domains 

(Bandura, 2006). The main theories behind the construction of this questionnaire are test 

anxiety theory (e.g., Zeidner & Matthews, 2005) and self-efficacy theory (Bandura, 1997). It 

was important to draw upon the conceptual analysis and expertise of what it takes to succeed 

in test taking and thus the items on the Self-efficacy in Test Taking instrument reflect the 

issues of confidence in test taking, a ‘can do’ attitude towards test taking and represent 

beliefs about personal abilities in test taking. (Bandura, 2006) 

The sample is smaller (n = 59 for the intervention group) and (n = 86 for the control 

group) than the Children’s Test Anxiety Scale data sample (n = 85) for the intervention and 

control groups respectively. The reason is because I trialled the Self-efficacy in Test Taking 

questionnaire with my own class, after the pilot and my upgrade viva, before making it part 

of the main study and was not able to let two schools use the measure until I had trialled it. 

The Self-efficacy in Test Taking instrument was taken at the same time as the Children’s Test 

Anxiety Scale questionnaire and at pre and post-test timepoints and with both intervention 

and control groups.  

7.3.1 Descriptive Statistics for the Individual Items 

Descriptive statistics were calculated for the: mean, standard deviation, skew, kurtosis 

and standard error for the intervention and control groups and at pre and post-test timepoints 

(see Appendix H, Tables H.1 – H.4). If we take the accepted value for skew as + 2 / – 2 and 

kurtosis as + 2 / − 2 as per the values applied to the Children’s Test Anxiety Scale data 
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(Field, 2009), then two questions repeatedly show skew and /or kurtosis in the sample. These 

are questions five and six. ‘When I take tests, I feel anxious about being in a different room 

to my usual classroom’ and ‘When I take tests, I feel anxious about the instructor’, 

respectively. (see Table 7.16) 

Table 7.16 

Skew and Kurtosis Values of Items 5 and 6 for the Self-efficacy in Test Taking Data, n = 59 

for the Intervention Group and n = 86 for the Control Group 

Question Timepoint Group Skew Kurtosis 

Q5 Pre-test Intervention 1.16 −0.10 

Q5  Control  1.18 0.34 

Q5 Post-test Intervention 2.02 3.89 

Q5  Control  2.10 4.05 

Q6 Pre-test Intervention 0.95 0.02 

Q6  Control  1.67 2.59 

Q6 Post-test Intervention 1.66 2.95 

Q6  Control  1.38 1.22 

Note. Self-efficacy Pre and post-test Intervention and Control Groups. N = 145 

Acceptable values of Skew + 2, − 2. Acceptable values of Kurtosis + 2, − 2  

 

The Self-efficacy in Test Taking instrument uses a Likert type scale that is similar to 

the Children’s Test Anxiety Scale instrument. This choice was deliberate in the design of the 

experiment and made to mirror the Children’s Test Anxiety Scale Likert type scale to make it 

easier for 10-to 11-year-olds to follow. Likert data is not normally distributed but the skew 

and kurtosis values of items Q5 and Q6 suggest they should be removed from the 

questionnaire as they are skewing the data. This process is acceptable practice in initial scale 

construction. (e.g., Putwain, 2020) 

7.3.2 Factor Analysis  

The assumptions for the exploratory factor analysis and confirmatory factor analysis 

are the same as in section 7.2.2.2 (see Appendix H, Tables H.5 – H.9) 
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The Shapiro-Wilk Test for Normality of Distribution illustrates clearly that the self-

efficacy data is not normally distributed. The Shapiro-Wilk test statistic is significant in both 

the intervention and control groups and at both pre and post timepoints for the self-efficacy 

data. The data do not have a normal distribution as is typical of Likert type data. Therefore, in 

the final confirmatory factor analysis process, an “MLM” estimator with Satorra-Bentler 

method using Lavaan© in RStudio© can be used. 

Histograms of the individual items show the response values for all of the self-

efficacy data and the skew and kurtosis from Q5 ‘When I take tests, I feel anxious about the 

being in a different room to my usual classroom’ and Q6 ‘When I take tests, I feel anxious 

about the instructor’ can be seen clearly and indicate that students rarely feel anxious about 

the instructor and the room. (see Appendix H, Figure, H.1, Figure, H.2) 

Violin plots show the density of responses for the two subscales with item five and 

item six removed due to the high skew and kurtosis values and as a result of the exploratory 

and confirmatory factor analyses. (see Appendix H, Figures H.3 – H.10) 

Cronbach’s alpha tests for reliability of measure with the data from the self-efficacy 

questionnaire were tested in both intervention and control groups and pre and post-test 

timepoints. These tests were undertaken in R Studio© and the ‘check.keys = TRUE’ 

functions applied. This code automatically adjusts reverse worded items to make the 

questions more uniform in theme. In this case, there are several reverse worded items which 

R Studio© adjusted for (see Table 7.17) 

The items which R Studio© adjusted for are: Q4 ‘If I find a test hard, I feel I will not 

pass’, Q5 ‘When I take tests, I feel anxious about being in a different room to my usual 

classroom’, Q6 ‘When I take tests, I feel anxious about the instructor’, Q7 ‘If I find a test 

hard, I can’t control my negative thoughts about failing’, Q8, ‘If I find a test hard, I start to 

doubt my ability to pass’ and Q9 ‘In tests, I panic if I see people finishing before me’ (see 

Table 7.17) 
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Table 7.17 

Cronbach’s Alpha for the Self-efficacy in Test Taking Instrument - Intervention and Control 

Groups, n = 59 intervention, n = 86 control. 

Timepoint Group Alpha AlphaCK                      Reverse Coded Items 

Pre-test Intervention 0.44 0.75 Q4, Q5, Q6, Q7, Q8, Q9 

 Control 0.28 0.84 Q4, Q5, Q6, Q7, Q8, Q9 

Post-test Intervention 0.41 0.81 Q4, Q5, Q6, Q7, Q8, Q9 

 Control 0.46 0.83 Q4, Q5, Q6, Q7, Q8, Q9 

Note. AlphaCK = Values from the “Check.keys = TRUE” Function in RStudio© 

The alpha scores suggest that the self-efficacy instrument has internal consistency if 

the items are reverse coded. If the ‘check.keys = FALSE’ code is applied, which means the 

items are not reverse coded, then the alpha scores are unacceptable. An acceptable alpha 

score should be 0.7 (Nunally,1978) 

The two items with unacceptable skew and kurtosis, Q5 ‘When I take tests, I feel 

anxious about being in a different room to my usual classroom’ and Q6 ‘When I take tests, I 

feel anxious about the instructor’ are also reverse coded items. Given that the questionnaire 

was developed using self-efficacy theory but is brand new in terms of measuring test anxiety 

self-efficacy, there are no other models to draw upon for comparison and thus exploratory 

factor analysis is appropriate. However, before completing the exploratory factor analysis, it 

is necessary to return to the assumptions that the data must meet for exploratory factor 

analysis. 

The first assumption to meet for factor analysis is the Kaiser-Meyer-Olkin test for 

sampling adequacy and is described at section 7.2.2.2. 

In all but one of the groups, the Kaiser-Meyer-Olkin measure for sampling adequacy 

is in the ‘middling’ range. This result suggests that the sample is suited for factor analysis.  

A second assumption to meet for factor analysis is Bartlett’s Test of Sphericity. This 

assumption is described at section 7.2.2.2. 

The results show that p is significant in both groups and at both pre and post 

timepoints. This result suggests the data set is suitable for a reduction technique such as 

exploratory factor analysis.  
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A further assumption to meet before exploratory factor analysis is the test for 

multicollinearity and singularity. This assumption is described at section 7.2.2.2. 

The correlation plots show no evidence of multicollinearity or singularity with either 

the intervention or the control group or at the pre-test and post-test timepoints. (See Figures 

H.11-H.18). 

The self-efficacy instrument and data have met all the assumptions for exploratory 

factor analysis. For all assumption results (see Appendix H, Tables H.5 – H.9, Figures H.11 – 

H.18) 

7.3.2.1 Exploratory Factor Analysis on the Self-efficacy Instrument Across the 

Timepoints and with the Intervention and Control Groups. Sample size restrictions for 

exploratory factor analysis have mainly disappeared. (Costello & Osborne, 2005) and for the 

self-efficacy data in this study, they are: N = 290, n = 118 (intervention) and n = 172 (control) 

groups. 

Firstly, it is the scree test (Cattell, 1966) that indicates the number of factors for the 

item loadings. For the self-efficacy instrument, scree tests were run for both the intervention 

and control groups and at both pre-test and post-test timepoints. In applying the Kaiser-

Guttman criterion (Guttman, 1954, Kaiser, 1960) where factors with an eigenvalue > 1.0 

should be extracted. In addition, Horn’s test of parallel analysis was applied. (see Table 7.18) 
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Table 7.18 

Eigenvalues >1 for The Self-efficacy Data, n =59 (intervention), n = 86 (control), N = 290  

Timepoint Group Scree Test Parallel Analysis 

Pre-test  intervention 2 factors, eigenvalue > 1 2 factors, eigenvalue > 1 

Pre-test  control 1 factor, eigenvalue > 1 

and an additional factor is 

just on the line 

 

2 factors, eigenvalue >1 

Post -test intervention 2 factors, eigenvalue > 1 

and an additional factor 

just on the line 

 

2 factors, eigenvalue > 1 

and an additional factor 

just on the line 

Post-test  control 2 factors, eigenvalue > 1  

 

2 factors, eigenvalue > 1 

 

All data   2 factors eigenvalue > 1 

(one of these factors is just 

on the line) 

 

2 factors, eigenvalue > 1 

(one of these is just on the 

line) 

Note. Scree Tests (Catell, 1966), Parallel Analysis (Horn, 1965) for the Self-Efficacy Data. 

 

The results of the scree tests (Cattell, 1966) and parallel analyses (Horn, 1965) show 

that in the pre-test and post-test condition for both the intervention and control groups, the 

likely number of factors is two, if we use the Kaiser-Guttman criterion. However, the post-

test intervention groups suggest a three-factor model. Scree tests (Cattell, 1966) and parallel 

analysis (Horn, 1965) suggest a two-factor model for the whole data, N = 290. Given that one 

factor sits on the line in several conditions, I decided to run further analyses with one and two 

factor models.  

Underfactoring and overfactoring can compromise the validity of the factor model. 

(Brown, 2015, Costello & Osborne, 2005). Brown suggests that although exploratory factor 

analysis is indeed an exploratory process, knowledge of the theoretical background for the 

instrument and experience with the variables in the instrument is needed to decide on the best 

number of factors. The theories behind the Self-efficacy in Test Taking scale are self-efficacy 

(Bandura, 1997); belief in capability in test taking and test anxiety theory (e.g., Spielberger & 

Vagg, 1995; Zeidner, 1998).  
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However, the two theories have never been combined before in an instrument to 

measure self-efficacy in test taking abilities for 10-to 11- year-olds. Therefore, exploratory 

factor analysis will test the instrument for loadings in both one factor and two factor 

conditions. 

7.3.2.1.1 Decisions Within the Exploratory Factor Analysis Process. The same 

decisions for process were applied to this data as the Children’s Test Anxiety Data as detailed 

in section 7.2.2.2.1. It is worth recalling the skew and kurtosis of items Q5 ‘When I take tests, 

I feel anxious about being in a different room to my usual classroom’ and Q6 ‘When I take 

tests, I feel anxious about the instructor’ from the descriptive statistics. These items were not 

removed initially from the self-efficacy instrument. However, the loadings of these two items 

were monitored closely in the exploratory factor analysis process. For the different loadings 

of the items onto the one and two factor exploratory conditions for both the intervention and 

control group and at both pre-test and post-test timepoints (see Appendix H, Table H.10) For 

fit indices for the different conditions and number of factors (see Table 7.19)  
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Table 7.19 

Exploratory Factors Analysis: Fit Statistics for the Self-efficacy Instrument Across 

Intervention and Control Groups and at Pre-test and Post-test Timepoints for One and Two 

Factor Extractions.  

Condition Chi Square df   p    RMSEA TLI RMSR 

1 256.22 90 < .001 0.12 0.38 0.14 

2* 129.50 76 < .001 0.10 0.56 0.10 

3 232.79 90 < .001 0.12 0.52 0.14 

4* 129.25 76 < .001 0.08 0.75 0.10 

5 144.83 90 < .001 0.06 0.87 0.09 

6* 67.97 76 < .73 0.00 1.03 0.06 

7 198.38 90 < .001 0.09 0.72 0.10 

8* 106.64 76 < .01 0.07 0.86 0.08 

Note. *Indicates a two- factor extraction. Condition numbers refer to the following 

conditions: 

Intervention Group Control Group 

1= Pre-test x1 factor  

2 = Pre-test x2 factors  

3 = Post-test x1 factor  

4 = Post-test x2 factors  

5 = Pre-test x1 factor  

6 = Pre-test x2 factors  

7 = Post-test x1 factor  

8 = Post-test x2 factors  

Note. df = degrees of freedom; RMSEA = Root Mean Square Error of Approximation; TLI = 

Tucker-Lewis Index; RMSR = Root Mean Square Residual  

 

Apart from condition 2, the two factor conditions have more acceptable RMSEA 

values (Hu and Bentler, 1999) and TLI values than the one factor conditions. The aim of the 

exploratory factor analysis is to evaluate the dimensions of the indicators (items on the 

questionnaire) and to uncover the smallest number of latent variables in the instrument from 

the data. Loadings have been calculated for the new Self-efficacy in Test Taking instrument 

over eight different conditions. The results, both loadings onto factors and the goodness and 
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badness of fit statistics show that a two-factor solution is a better fit than a one factor 

solution. In determining the subscales to take forward for confirmatory factor analysis, all of 

the item loadings in all of the conditions were considered and a value of 0.32 as a minimum 

applied (e.g., Tabachnick & Fidell, 2001).  

There is a natural division in the items on the self-efficacy instrument that is reflected 

in the finding of two factors. The categories are Self-efficacy in Test Taking, belief in ability 

in taking tests and Little Self-efficacy in Test Taking, or a lack of self-belief in taking tests. 

As well as the value of 0.32 for factor loadings, consistency of loadings, across the different 

conditions, onto one of these factors was also considered.  

Costello and Osborne (2005) recommend dropping items that cross load if there are 

several adequate and strong loaders. Furthermore, they suggest that a factor with fewer than 

three items is weak. A loading of 0.5 is also seen as a strong factor loading. The following 

items have been assigned to the two factors according to value of 0.32 or more and for 

loading clearly and positively in four or more of the different conditions.  

Factor 1(SETT) = Self-efficacy in Test-Taking: Q1 ‘If I find a test hard, I keep 

trying’, Q2 ‘If I find a test hard, I still feel confident in my ability to pass’, Q3 ‘If I did badly 

on a test, I still feel positive about other tests’, Q10 ‘I can concentrate in tests even if I find 

them difficult’, Q11 ‘I enjoy taking tests’, Q12 ‘I can remain cheerful about life, even if a test 

is hard’, Q13 ‘I can manage in tests, even if I feel tired or unwell’, Q14 ‘I understand that 

even if I find a test difficult it is not the end of the world’, Q15 ‘I don’t worry about taking 

tests’. 

Factor 2 (LSETT) = Little Self-efficacy Scale in Test taking: Q4 ‘If I find a test hard, 

I feel I will not pass’, Q7 ‘If I find a test hard, I can’t control negative thoughts about failing’, 

Q8 ‘If I find a test hard, I start to doubt my ability to pass’, Q9 ‘In tests, I panic if I see 

people finishing before me’. 

Items Q5 ‘When I take tests, I feel anxious about being in a different room to my 

usual classroom’ and Q6 ‘When I take tests, I feel anxious about the instructor’ that showed 

skew and kurtosis in the descriptive statistics could be removed at this stage as they only 

loaded clearly and positively in three of the conditions. Item Q5 ‘When I take tests, I feel 

anxious about being in a different room to my usual classroom’ was initially included to try 

and reflect the transactional nature (Zeidner & Matthews, 2005) of test anxiety; feelings that 
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may happen when taking a test outside of the usual classroom environment. Item Q6 ‘When I 

take tests, I feel anxious about the instructor’ was included for the same reason.  

A final test of Cronbach’s alpha (see Table 7.20) with the new two subscales will 

inform the final decision whether these items, originally included to reflect the transactional 

‘state’ rather than ‘trait’ (Spielberger & Vagg, 1995) test anxiety construct.  

I am satisfied that I have fulfilled the criteria suggested by Brown (2015) for the 

exploratory factor process. I have chosen the correct estimator, determined the appropriate 

number of factors through scree plot and parallel analysis, used the correct rotation, 

interpreted the factors, and evaluated the quality of the solutions through eliminating poorly 

defined factors and poorly behaved items. I have not been able to test the factor structure on 

another sample.  

Table 7.20 

Cronbach’s Alpha for the Self-Efficacy in Test Taking Instrument  

Subscale and Items Cronbach’s Alpha 

Self-efficacy in Test Taking: Q1, Q2, Q3, 

Q10, Q11, Q12, Q13, Q14, Q15 

0.76  

Little Self-efficacy in Test Taking: Q4, Q7, 

Q8, Q9 

0.76  

Little Self-efficacy Scale in Test Taking: 

Q4, Q7, Q8, Q9 and Q5 and Q6 

0.76  

Note. Proposed Subscales Across Both Intervention and Control Groups and at Pre-test and 

Post-test Timepoints. N = 290 

 

The results show reliability for the Self-efficacy in Test-Taking subscale (SETT) and 

the Little Self-efficacy Scale in test-taking subscale. (LSETT) 

Confirmatory factor analysis is different to exploratory factor analysis in that the 

model is driven by a theoretical approach rather than simply the data (exploratory factor 

analysis) and should be able to confirm the most parsimonious measurement model for the 

self-efficacy data.  

Test anxiety theory, the idea of the transactional nature of test anxiety (Zeidner & 

Matthews, 2005) and Spielberger and Vagg’s (1995) trait / state theory with Bandura’s self-
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efficacy theory (Bandura, 1997) are the theories that underpin the construction of the self-

efficacy instrument. Exploratory factor analysis and tests for subscale reliability have not 

proved conclusive yet with regard to items Q5 and Q6. Confirmatory factor analysis will 

provide the final fit indices to determine the subscales to use in further analyses. 

7.3.2.2 Confirmatory Factor Analysis of the Self-Efficacy Instrument. The same 

assumptions have been used as for the Children’s Test Anxiety Scale Data detailed at section 

7.2.2.1. 

The Shapiro-Wilk test for Normality of Distribution (see Table H.5) confirmed that 

the data do not have a normal distribution as is typical of Likert type data. Therefore, in the 

final confirmatory factor analysis process, an “MLM” estimator with Satorra-Bentler method 

using Lavaan© in RStudio© was used. In addition, the sample size is not > 200 (Kline, 2015) 

and therefore does not meet the assumption (see note in Data Analytic Plan). For results (see 

Table 7.21). 

Table 7.21 

Fit Indices for the Proposed Model for the Self-efficacy in Test-Taking Scale N=290 

Subscale    Chi-Sq df p RMSEA pC CFI TLI SRMR 

Self-efficacy  

in Test-Taking:  

Q1, Q2, Q3, Q10, Q11, 

Q12, Q13, Q14, Q15 

 

56.39 27 .01 0.06 .20 0.93 0.91 0.05 

Little Self-efficacy Scale  

in Test-Taking:  

Q4, Q7, Q8, Q9 

 

0.64 2 .73 0.00 .90 1.00 1.02 0.01 

Little Self-efficacy Scale 

in Test-Taking: 

Q4, Q7, Q8, Q9  

and with Q5 and Q6 

50.18 9 .00 0.13 .00 0.89 0.81 0.07 

Note. X² = Chi-square; df = degrees of freedom; RMSEA = Root Mean Square Error of 

Approximation; pC = pCLOSE = value of RMSEA; CFI = Comparative Fit Index; TLI = 

Tucker-Lewis Index; SRMR = Standardized Root Mean Square Residual  

 

The results show that the Self-efficacy in Test Taking subscale (SETT) is a good fit to 

the data. Goodness of fit indices CFI and TLI are 0.93 and 0.91 respectively. The badness of 
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fit RMSEA is at an excellent level of 0.06. (Hu & Bentler,1999). The SRMR, should ideally be 

near to 0.00 as possible is good at a value of 0.05. 

The Little Self-efficacy in Test Taking subscale (LSETT) with items Q5 and Q6 

removed is an excellent fit. Goodness of fit indices CFI and TLI are 1.00 and 1.02 

respectively. Badness of fit index RMSEA is 0.00 indicating a perfect fit and SRMR is also 

0.01 indicating an almost perfect fit. There are only four items on this subscale, but the 

guidelines suggest no fewer than three (Brown, 2015).  

However, the Little Self-efficacy in Test Taking subscale when tested with items Q5 

and Q6, identified for their skew and kurtosis in the descriptive statistics are included, there is 

a much poorer fit (see Table, 7.21). Goodness of fit indices CFI and TLI are 0.89 and 0.81 

respectively and therefore do not meet the established criteria of as near to 0.95 as possible. 

The badness of fit index RMSEA is very high at 0.13; the ideal being around 0.06. Including 

Q5 and Q6 into the LSETT subscale results in a bad fit and therefore these two items will be 

dropped from the Self-efficacy in Test Taking instrument resulting in a thirteen-item 

instrument consisting of two subscales (see Figure 7.2, Figure 7.3) 

Self-efficacy in Test-Taking Instrument subscales: 

Self-efficacy in Test Taking (SETT) = Q1, Q2, Q3, Q10, Q11, Q12, Q13, Q14, Q15 

Little Self-efficacy Scale in test taking (LSETT) = Q4, Q7, Q8, Q9 
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Figure 7.2 

Self-efficacy in Test Taking Scale  

Figure 7.3 

Little Self-efficacy in Test Taking Scale 

 

 

 

ST 
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To consider taking this model forward for further analyses to answer the research 

questions, it is useful to use multigroup confirmatory analysis to complete measurement 

invariance of the model across timepoints (Pre-test and post-test), groups (intervention and 

control) and gender (boys and girls) to check that the construct does not behave differently in 

different conditions. This process is the same as was used for the Adapted Thoughts’ subscale 

model and will ensure that the most parsimonious model is used for both the Children’s Test 

Anxiety Scale data and the Self-efficacy in Test Taking data in this study.  

7.3.3 Measurement Invariance for the Self-efficacy Test Taking Instrument (SETTI) 

The two subscales of the Self-efficacy in Test Taking Instrument, identified through 

the exploratory factor analysis and confirmatory factor analysis processes, were tested for 

measurement invariance across timepoint, intervention and control groups and across gender 

groups. Where measurement invariance holds from configural to scalar invariance, further 

analysis of the latent means is possible. (Brown, 2015) 

Measurement invariance held for the Self-efficacy in Test Taking (SETT) and for the 

Little Self-efficacy Scale in test taking (LSETT) for the intervention and control groups and 

across the timepoint condition pre-test to post-test at the configural to constrained model 

comparison stage.  

For measurement invariance across the intervention and control groups, partial 

measurement invariance is held for the Self-efficacy in Test Taking subscale (SETT) at the 

metric stage by controlling for Question 11 ‘I enjoy taking tests’, and measurement 

invariance holds at the partial metric to scalar stage. For the Little Self-efficacy Scale in Test 

Taking, measurement invariance holds at the constrained to metric stage. 

For measurement invariance across the gender groups, boys and girls, partial 

measurement invariance holds for the Self-efficacy in Test Taking (SETT) subscale at the 

metric stage, controlling for Question 10 ‘I can concentrate in tests even if I find them 

difficult’ and measurement invariance holds at the partial metric to scalar stage. For the Little 

Self-efficacy Scale in test taking (LSETT) subscale, measurement invariance holds at the 

configural and constrained comparison of model stage. All results and chi square differences 

between stages (see Tables H.11 – H.23) 

Measurement invariance as a precursor to latent means analysis is essential in 

establishing whether there is non-invariance. Measurement invariance or partial measurement 

invariance holds across pre-test and post-test timepoint groups, intervention, and control 
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groups and across boy and girl gender groups. This result is important when establishing a 

new scale (Brown, 2015; von der Embse et al., 2021) 

Brown (2015) suggests that comparison of latent means in confirmatory factor 

analysis is comparable to, but stronger than, ANOVA. This comparison of means is being 

conducted in the context of the measurement model. Latent means and the more traditional 

ANOVA are used for this question in this study. 

7.4 Intervention Data 

The next section adds to the Data Analytic Plan by outlining how I meet the 

assumptions for the proposed analyses and the sequential decisions that inform the final 

analyses in the results chapter. 

7.4.1 Assumptions 

Mixed, 2 x 2 factorial ANOVAs are used for Research Question 1, Research Question 

2a and Research Question 3. Like all other parametric tests, a mixed 2 x 2, factorial ANOVA 

makes a series of assumptions that should be met before the analyses. The within-subjects 

factor should contain at least two related (repeated measures) categorical groups (levels) and 

in this case this factor is ‘Timepoint’ Pre-test and post-test. The between-subjects factor 

should have at least two categorical independent groups (levels) and in this case this factor is 

the intervention and control groups. The dependent variable should be continuous and 

approximately normally distributed for all combinations of factors and in this case, this 

measure is the response values of the participants’ sum scores on the Likert type scales. 

There should be homogeneity of variance for each of the groups and, if more than two levels, 

sphericity between the related groups. Homogeneity of variance was tested using Levene’s 

test and found to be non-significant for the Children’s Test Anxiety Scale data and for the 

Self-efficacy data for all proposed analyses. Therefore, the null hypothesis that the variance is 

equal across the groups could be accepted. I did not need to use the sphericity test as there 

were not more than two levels for any of the questions (see Appendices G and H).  

Finally, there should be no significant outliers, and these were removed through the 

exploratory factor analysis and confirmatory factor analysis processes. (Field, 2012)  

The sample sizes meet the power requirements for Research Questions 1, 2a, 2b, 3, 4 

and 5 (see 5.3.4.1).  
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7.4.1.1 Assumptions for ANCOVA. These are the same as for the ANOVAs but with 

the addition of independence of the covariate and homogeneity of regression slopes (Field, 

2012). For part of Research Question 2a that was answered with the Little Self-efficacy 

Subscale, these assumptions were met. (see Figure 8.8) 

7.4.1.2 Assumptions for Multi-level Linear Modelling. These are the same as for 

most linear models, linearity, additivity, homogeneity of variance. In addition, there should 

be normal distribution of the random intercepts. (Field, 2012). Sample size should be as large 

as possible (Field, 2012) and level two units should be approximately fifteen. However, 

Gelman and Hill (2006) have suggested as few as two level two units depending upon 

software used. There are 11 level two units for Research Question 1. Sample size will also 

depend on the model being fitted, in this case, it is the random intercepts model. (e.g., 

Browne, n.d; Sample Sizes for Multilevel Models). Twisk (2006) recommends using sample 

size calculations with caution. Kreft and de Leeuw (1998) suggest that there are so many 

factors involved in multilevel linear analysis that it is impossible to produce meaningful rules 

about sample size and power.  

For Research Question 1, where the homogeneity of slopes assumption was not met 

and therefore an ANCOVA could not be used, multilevel linear modelling examined clusters 

of data through a comparison of different models that allowed the intercepts to vary and used 

two level 1 fixed effect predictors of group and the pre-test score. 

Multilevel linear modelling allows a researcher to look at the data hierarchically. In 

this case, I looked at the data for schools as Level 2 in the hierarchy and the students as Level 

1. I looked to see if any of the explanatory variables, such as intervention or control group 

and the pre-test scores affected different schools in different ways. The multilevel linear 

model is especially important in educational research as it allows for the data to be viewed at 

the school level. (e.g., Rasbach, n.d; What are multilevel models and why should I use them) 

Multilevel linear modelling partitions the residual variance into a between school 

component and the within school variance that looks at the variance for each child. These 

unobserved school characteristics may affect child outcomes. The random intercept model 

allows each school group to have a different slope (Pillinger, n.d; Random intercept models)  

Multilevel linear modelling allows for heterogeneity amongst the groups through the 

variance partition coefficient (Brunton-Smith, 2019). The variance components model is used 

to provide the initial estimation of the contribution of variance that was from the different 
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groups and to determine if it is worthwhile running a multilevel linear model. Intraclass 

correlation values above 5% show that there is clustering and that it is worth looking at the 

data hierarchically (Heck et al., 2014) 

Multilevel linear modelling allows a researcher to ask ‘what if’ questions. What 

happens if we move the intercepts of the responses from the data and allow the slopes to 

vary? Removing the constrictions of traditional data interpretation and allowing for group 

(school or class) hierarchical interpretation can help a researcher understand the data better 

and as a result of this process understand, where any problems in the design of data collection 

may lie and gather a true picture of what is happening in the data.  

Field (2012) and Heck et al., (2014) recommend centering the level 1 predictors to 

stabilise the model. This centering was done for the level 1 explanatory variable of pre-test 

scores for both the intervention and control group using a grand centred mean rather than a 

group centred mean as I was interested to see what happened at level 2 with the schools 

(Field, 2012).  

The multilevel linear model was calculated using SPSS © software and to ensure the 

random effects assumption held, maximum likelihood was used as an estimator. In addition, 

the variance components option was used as the coefficient matrix and Wald z is reported 

(Antonakis et al., 2019). For results, (see Appendix G, Tables G.37 – G.49) 

For research question 2a where there is also non-homogeneity of slopes, I used the 

variance components calculation to see whether I should run the multilevel model but there 

was not enough variance in the data to make this analysis worthwhile (Field, 2012).  

7.4.1.3 Post-hoc Tests. Post-hoc tests use pairwise comparisons to control for 

familywise error by correcting the level of significance for each test so that the overall Type 

1 error remains at alpha = 0.5. The alpha value is then divided by the number of comparisons 

(Field, 2012).  

For part of Research Question 2a (Little Self-efficacy Scale in Test Taking subscale) 

and for Research Question 3, where the ANOVAs showed a significant interaction, Tukey’s 

Honestly Significant Different post-hoc test was used as homogeneity of variance was 

established through Levene’s test for both analyses.  

7.4.1.5 Assumptions for the Independent T test (RQ 5). The usual tests for sources 

of bias apply, thus, additivity, linearity, homogeneity of variance and normality: parameter 

estimates, confidence intervals, errors, null hypothesis significance testing, (Field, 2012). 



 156 

Levene’s test showed homogeneity of variance for the online versus paper samples used to 

answer Research Question 5.  

7.4.1.6 Assumptions for Latent Means Analyses (RQ1, RQ2a). Traditionally, 

researchers who want to compare group means use an ANOVA with an observed sum score 

(Finch & French, 2015). However, there is an assumption that the item responses are made 

without error which is often not the case (Brown, 2015). Relying on latent means analyses to 

compare group means allows one to correctly account for measurement error, if full 

invariance holds across the groups being compared. Finch and French (2015) consider the 

assumption for full invariance to be conservative and suggest that latent means analysis is 

possible where partial invariance holds across the groups being considered. 

Given that full invariance holds for the Adapted Thoughts’ subscale across groups, 

gender and timepoint conditions and full invariance holds across timepoint conditions for 

both subscales of the Self-efficacy in Test Taking instrument, and partial invariance for both 

subscales across gender and group, latent means analyses has been calculated alongside the 

more traditional ANOVAs. The effect size calculation comes from Hancock (2001). (see 

Appendix G, Tables G.33 – G.36; Appendix H, Tables, H.28- H. 31; H.40 – H.43) 

7.4.1.7 Assumptions for MIMIC (Multiple Indicator Multiple Causes) models. 

Q2b. MIMIC models can provide rigorous results (Chang et al., 2020). Diemer (2019) 

queries why they are not used more often. The assumptions for running a MIMIC model 

come from the goodness of fit statistics from confirmatory factor analysis for the latent factor 

and an existing dichotomous observed covariate or a continuous observed covariate. The 

Adapted Thoughts’ subscale is the latent factor, and its goodness of fit statistics are reported 

in Adaptation 3 (see Table 7.15). The individual sum scores from the two subscales, Self-

efficacy in Test Taking and Little Self-efficacy subscales are the continuous, observed 

covariates used. 
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8. Results 

In this chapter, the results are presented simply and often graphically. The results and 

their links to ideas in the literature review and possible implications for research are 

discussed in Chapters 9 and 10. 

Tables for all results are in appendices G and H. The assumptions for factor analysis 

and further analyses, as detailed in the Data Analytic Plan in Chapter 7 are not reported again 

here. Levene’s test for homogeneity of variance was non-significant for all of the research 

questions where it was applicable. (see Tables G.29, G.50, G.54, H.24, H.32, H.44, H.49, 

H.53). Furthermore, for Research Questions 1and part of 2a, where the assumption of 

homogeneity of slopes for ANCOVA was not met, multilevel linear analyses were tried.  

When reporting the results of the ANOVAs, partial eta effect size is taken from 

Cohen, (1988) with values of: small effect = .01, medium effect = .09 and a large effect = 

0.25. Graphs use standard error bars. For the latent means results that are reported alongside 

the ANOVAs, for reasons of interest only, effect sizes were calculated from Hancock (2001). 

8.1 The Children’s Test Anxiety Scale Results  

 For Research Question 1, a 2 x 2 mixed factorial ANOVA was run with the 

independent variables of timepoint and group. The dependent variable was the participants’ 

sum score from the Adapted Thoughts’ subscale. There was a significant main effect for the 

independent variable Timepoint, F (1,168) = 23.55, p < .001, η²p = 0.12 with pre-test scores 

(M = 16.96, SD = 4.90) being higher than post-test scores (M =15.26, SD = 5.16) for the 

intervention group and for the control group pre -test scores are higher (M = 17.39, SD = 

5.13) than post-test scores (M = 16.12, SD = 5.23). The effect was not significant for the 

independent variable Group, F (1,168) = 0.79, p = .37, η²p = 0.005. There was no interaction 

between Timepoint and Group, F (1,168) = 0.50, p = .48, η²p = 0.003. (see Figure 8.1) Mean 

values and standard deviations are reported (see Appendix G, Tables G.29 - G.32) 
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Figure 8.1 

Means of Pre-test and Post-test Intervention and Control Groups for the Children’s Test 

Anxiety Scale Data Measured Using the Adapted Thoughts’ Subscale 

 
8.1.1 Latent Means Analysis  

For the intervention groups, the pre-test latent means was compared to the post-test 

latent means and the result was significant, p = .01. The effect size of the difference was 

calculated. The effect size, ES = 0.37 is comparable to Cohen’s effect sizes (Hancock, 2001) 

and is therefore approaching a middle effect size. (Cohen, 1988) 

For the control groups at pre-test and post-test timepoint, the result was non-

significant, p = .09. Although, the ANOVA between the pre-test and post-test for the control 

groups is a non-significant result at p = .09, the calculation reveals that there is a small effect 

size of ES = 0.25. (see Appendix G, Tables G.33 – G.36) 

8.1.2 Multilevel Linear Analysis for the Children’s Test Anxiety Scale 

The assumption for the homogeneity of slopes for an ANCOVA was not met and thus 

led to exploring the data hierarchically to see if there are groups (schools) within the data that 

have clusters. The patterns in the scatterplots (see Figures 8.2 and 8.3) suggest that there are 

clusters of pre/post-test scores by school.  
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Figure 8.2 

Pre-test as a Covariate to the Post-test Scores for the Intervention and Control Groups 

Showing Non-homogeneity of Slopes and Clustering 

 

 

 
 
Figure 8.3 

Pre-test as a Covariate to the Post-test Scores for the Different Schools 
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The variance components model showed an Intraclass Correlation of 11%. This result 

suggests that approximately one school in the data is contributing to the clusters but for 89% 

of the data, the clusters are at participant level. When the random intercepts model with group 

and pre-test centred means as level 1 fixed effects predictors was fitted, there was a very 

significant change, !X² = < .01 in the fit of the model. At this stage, this result means that by 

allowing the pre-test centred mean score’s intercepts to vary, the model is a better fit to the 

data.  

When the pre-test scores are allowed to randomly intercept the slopes, the variance 

between the schools, measured by the Intraclass Correlation was reduced from 11% to 5%. 

(see Appendix G, Tables G.37 -G.49) 

8.2 Self-efficacy in Test Taking Results  

Research Question 2a is answered using both the Self-efficacy in Test Taking Scale 

and the Little Self-efficacy Scale in Test Taking scale. If self-efficacy in test taking increases, 

one would expect to see an increase in means pre-test to post test in the Self-efficacy subscale 

and a decrease in means pre-test to post-test in the Little Self-efficacy Scale subscale.  

For Research Question 2a, a mixed 2 x 2 Factorial ANOVA on the Self-efficacy in 

Test Taking Instrument Subscale was run with the independent variables of Timepoint and 

Group. The dependent variable was the sum score on the Self-efficacy in Test Taking 

subscale.  

There was a significant main effect for Timepoint, F (1,143) = 5.25, p = .02, η²p = 0.04 

with pre-test scores (M = 23.81, SD = 4.32) being lower than the post-test scores (M = 24.78, 

SD = 5.00) for the intervention group and for the control group, pre-test scores (M = 24.31, 

SD = 5.06) are lower than post-test scores (M = 24.78, SD = 4.99). There was no significant 

effect for the independent variable Group, F (1,116) = 0.400, p = .53, η²p = 0.003 and no 

interaction between the Timepoint and Group, F (1,116) = 1.56, p = .21, η²p = 0.013. (see 

Figure 8.4; Appendix H, Table H.24 – H.27) 
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Figure 8.4 

Means of Pre-test and Post-test Intervention and Control Groups for the Self-efficacy in Test 

Taking Data Measured Using the Self-efficacy in Test Taking Subscale 

 

 

 

8.2.1 Latent Means Analyses 

A comparison of the latent means was conducted on the intervention group and the 

control group from pre-test to post-test and their effect sizes calculated according to Hancock 

(2001) reported here.  

For the Self-efficacy in Test Taking subscale across the intervention groups, p = .16, a 

non-significant effect. The effect size calculation was ES = .24. For the Self-efficacy in Test 

Taking across the control group, p = .20 and was non-significant. The effect size calculation 

was ES = .20. (see Appendix H, Tables H.28-H.31) 

 
8.2.2 Mixed 2 x 2 Factorial ANOVA on the Little Self-efficacy Scale in Test Taking 

Subscale  

The second and smaller subscale of the Self-efficacy in Test Taking Instrument 

measures negative feelings of efficacy about taking tests.   

There was an interaction between the Groups and the Timepoint, F (1, 143) = 0.12, p 

= .04, η²p = 0.03. with pre-test scores for the intervention group (M = 9.41, SD = 4.32) being 
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higher than the post-test scores (M = 8.09, SD = 4.99) and the control group pre-test scores 

(M = 8.49, SD = 5.01) being higher than the post-test scores (M = 8.05, SD = 5.17). Post-hoc 

Tukey’s Honestly Significant Difference (HSD) revealed that there was a significant increase 

in feelings of self-efficacy in test taking in the intervention group, p < .001. (see Figure 8.5; 

Appendix H, Table H.32 - H.36) 

Figure 8.5 

Means of Pre-test and Post-test Intervention and Control Groups for the Little Self-efficacy 

Scale in Test Taking Data Measured Using the Little Self-efficacy in Test Taking Subscale 

 

 

 

 

8.2.3 Latent Means Analyses 

A comparison of the latent means was conducted on the intervention group and the 

control group from pre-test to post-test and their effect sizes calculated according to Hancock 

(2001). For the Little Self-efficacy in Test Taking subscale across the intervention groups, p 

< .001. There is a significant difference from pre-test to post-test in the intervention group. 

The effect size calculation was ES = .47. For the Little Self-efficacy in Test Taking subscale 

across the control group, p = .23 and was non-significant. The effect size was ES = -.21. (see 

Appendix H, Tables H.40 – H.43) 
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8.2.4 Multilevel Linear Analysis for the Self-efficacy in Test Taking Scale 

The assumption for the homogeneity of slopes, shown in figures 8.5 and 8.6 to 

conduct an ANCOVA was not met and thus led to considering multilevel linear analysis as 

per section 8.2.1. However, there was not enough variance in the variance components model 

to calculate an initial Intraclass Correlation and to continue with a multilevel model would be 

mental flagellation (Field, 2012).  
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Figure 8.6 

Pre-test as a Covariate to the Post-test Scores for the Intervention and Control Groups 

Showing Non-homogeneity of Slopes 

 
 
Figure 8.7 

Pre-test as a Covariate to the Post-test Scores for the Different Schools 
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8.2.5 ANCOVA for the Little Self-efficacy in Test Taking Scale  

The assumption for homogeneity of slopes is met (see Figure 8.8, Figure 8.9). A One-

way ANCOVA was conducted to determine a statistically significant difference between the 

intervention and the control group on the post-test score controlling for the pre-test score. 

There is a not a significant effect of group on post-test score when controlling for the pre-test 

score, F (1,142) = 1.95, p = 0.16, η²p = 0.014. (see Appendix H, Tables H.37 – H.39)  

Figure 8.8 

Little Self-efficacy in Test Taking Subscale Groups 

 

Figure 8.9 

Little Self-efficacy in Test Taking Schools 
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8.3 Research Question 2b  

8.3.1 Multiple Indicators Multiple Causes – MIMIC Models 

Covariate significance values and estimates are reported here (see Table 8.1). Z scores 

and standard error are reported at Appendix G, Table G.57 and Figures G.17 -G.28. The 

estimate represents the slope in a regression as the covariate is a continuous variable (Finch 

& French, 2015). The model is represented (see Figure 8.10) 

Figure 8.10 

The MIMIC (Multiple Indicators Multiple Causes) Model (Diagram from Finch and French, 

2015) for the Adapted Thoughts Latent Variable with Self-efficacy in Test Taking Subscales 

as Exogenous Variables (Covariate) 

 

  



 167 

Table 8.1 

Results of Multiple Indicators Multiple Causes( MIMIC) Models for the Adapted Thoughts’ 

Subscale 

Timepoint Covariate Condition Scale p-value estimate 

Pre-test Pre-test Score Intervention Self-efficacy .01 -0.04  

   Little Self-

efficacy  

 

.006 0.07 

  Control Self-efficacy .68 -0.001 

   Little Self-

efficacy  

.69 0.002 

 

 

Post-test Pre-test Score Intervention Self-efficacy 

 

.04 -0.04 

   Little Self-

efficacy  

 

.001 0.12 

  Control Self-efficacy 

 

.29 -0.01 

   Little Self-

efficacy  

.24 -0.01 

 

 

Post-test Post-test Score Intervention Self-efficacy 

 

.03 -0.04 

   Little Self-

efficacy  

 

.001 0.10 

  Control Self-efficacy 

 

.56 0.008 

   Little Self-

efficacy  

.10 0.01 

 
 

If the estimate is statistically significant, one can conclude that the covariate (Self-

efficacy in Test Taking or Little Self-efficacy in Test Taking) is related to the factor (Finch & 

French, 2015), the Adapted Thoughts’ subscale that measures the worry element of test 

anxiety. For example, in the pre-test intervention self-efficacy, the estimate is -0.04 (which in 

this case shows the negative direction of the slope) and shows that students who are high in 
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self-efficacy are related to low worry and students who are low in self-efficacy are related to 

high worry. 

8.4. Students Who Are High in Test Anxiety 

In this study the mean score for the pre-test intervention group from the Children’s 

Test Anxiety Scale was M = 62.85 and the standard deviation, SD = 15.15. Therefore, 

students, who had a sum score M = 78.00 or over (Mean plus one standard deviation) were 

students who were high in test anxiety. Those who had a sum score, M = 47.7 (Mean less one 

standard deviation) or less were students with low test anxiety.  

For the control pre-test, group the mean score was M = 62.26 and the SD = 15.18. 

Therefore, a student with a sum score, M = 77.44 (Mean plus one standard deviation) are 

students with high test anxiety and a student with a score, M = 47.08 (Mean less one standard 

deviation) are students who have low test anxiety.  

8.4.1 Research Question 3  

A mixed 2 x 2 ANOVA was run for students who are high in test anxiety using the 

Little Self-efficacy Scale in Test Taking Subscale, the Self-efficacy in Test Taking subscale 

and finally the Adapted Thoughts’ subscale. 

For the Little Self-efficacy in Test Taking subscale, there was a significant interaction 

between group and timepoint, F (1,29) = 5.57, p = .03, η²p = 0.07. The η²p   effect size is 

between a medium and a large effect. Post-hoc Tukey’s Honestly Significant Difference 

(HSD) revealed that there was a significant increase in feelings of self-efficacy in test taking 

in the intervention group, p = .04.  

For the intervention group that consisted of students, who are high in test anxiety, 

means reduced from pre-test (M = 9.94, SD = 3.56) to post-test (M = 8.47, SD = 3.04) to 

show an improvement in feelings of self-efficacy after the intervention. The mean for the 

students, who are high in test anxiety, for the control group, increased from pre-test (M = 

7.64, SD = 2.53) to post-test (M = 8.00, SD = 2.22) showing a reduction of feelings in self-

efficacy after the test. (see Figure 8.11; Appendix H, Tables H.44 – H.48) 
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Figure 8.11 

Means of Pre-test and Post-test Students who are High in Test Anxiety for the Intervention 

and Control Groups Data Measured Using the Little Self-efficacy Scale in Test Taking 

Subscale 

 
 

A further mixed 2 x 2 factorial ANOVA was run with the repeated measure variable 

at pre-test and post-test, Timepoint and the between Group variable as the intervention group 

or control group. The dependent variable was taken from the total of the Self-efficacy in Test 

Taking subscale. 

There was a significant main effect for Group, F (1,29) = 7.36, p = .01, η²p = 0.20 

with the intervention group pre-test means increased from pre-test (M = 21.53, SD = 4.74) to 

post-test (M = 22.56, SD = 5.19) showing an increase in feelings of self-efficacy in test taking 

and the control group means decreased from pre-test (M = 26.43, SD = 4.99) to post-test (M = 

26.00, SD = 3.78) showing a reduction in feelings of self-efficacy. (see Figure 8.12; 

Appendix H, Tables H.49 -H.52) 

There was no significant main effect for Timepoint, F (1, 29) = 0.15, p = .70, η²p = 

0.005. The interaction between group and timepoint was not significant, F (1,29) = 0.94, p = 

.34, η²p = 0.03.  
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Figure 8.12 

Means of Pre-test and Post-test Students who are High in Test Anxiety for the Intervention 

Groups Data Measured Using the Self-efficacy in Test Taking Subscale 

 

 

 

 

A further mixed 2 x 2 factorial ANOVA was run with the repeated measure variable 

at pre-test from the Adapted Thoughts’ subscale and post-test from the Adapted Thoughts’ 

subscale, Timepoint and the between Group variable as the intervention group or control 

group. The dependent variable was taken from the total of the Adapted Thoughts’ subscale. 

There was a significant main effect for Timepoint, F (1,29) = 7.75, p = .009, η²p = 

0.21 with the intervention group pre-test means decreased from pre-test (M = 22.65, SD = 

4.23) to post-test (M = 19.06, SD = 6.37) showing a decrease in feelings of worry and the 

control group means decreased from pre-test (M = 23.79, SD = 4.02) to post-test (M = 22.57, 

SD = 5.46) showing a smaller decrease in feelings of worry.  

The interaction between group and timepoint was not significant, F (1,29) = 1.89 p = 

.18, η²p = 0.06. (see Figure 8.13; Appendix H, Tables H.53-H. 56) 
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Figure 8.13 

Worry Measured by the Adapted Thoughts’ Subscale Mean Values for Students Identified as 

High in Test Anxiety 

 

 

8.5 Research Questions That Arose from This Study 

8.5.1 Research Question 4  

As I administered the intervention to two schools, n = 32, I ran a 2 x 2, mixed, 

factorial ANOVA to check for any experimenter effect between the groups where I had 

administered the intervention against similar schools.  

I ran the intervention with Year 6 in an independent, co-educational, all through 

school (n = 12) and in an independent all through girls’ school (n = 20). To gain the best 

comparison, I ran the ANOVA comparing against an independent all through co-educational 

school (belonging to the same cluster of schools as my school, n =15) and an independent all 

through girls’ school, (n = 15).  

The main effects of the ANOVA for the independent variable, Timepoint, F (1, 60) = 

3.52, p = .06, η²p   = 0.05 The effect was not significant.  

The main effect was not significant for the independent variable Group, F (1, 60) = 

0.003, p = .95, η²p = < .001. There was no significant interaction, F (1,60) = 0.17, p = .68, η²p 
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= 0.003. (see Appendix G, Tables G.50 – G.52) For descriptive statistics (see Appendix G, 

Table G.53) 

8.5.2 Research Question 5  

The result of the independent t test on the Adapted Thoughts’ subscale for both pre 

and post timepoints was non-significant. The pre-test t (49) = .60, p = .55, Cohen’s d = 0.17, 

post-test t(49) = .38, p = .71, Cohen’s d = 0.11. The pre-test means for the high stakes’ tests 

online group was M = 17.83 and the post-test mean for the online group was M = 17.37. For 

the group taking high stakes’ paper tests the pre-test mean was M = 16.95 and the post-test 

mean was M = 16.81. (see Appendix G, Table G.56) 
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9. Discussion 

This chapter interprets the results and makes links to the ideas discussed in the 

literature review. In addition, wider contributions to the theoretical fields of cognitive 

science, test anxiety and self-efficacy are considered. Limitations of the study are explored. 

As the strands of my thesis that are cognitive science, psychology and education come 

together, implications for classroom practice and education are considered as per the spirit of 

the EdD qualification. The intervention, further implications and possible educational 

reforms are reflected upon in Chapter 10. 

I would like to highlight a key finding from my study and that is that the intervention 

was successful in increasing feelings of self-efficacy in test taking for the group of students, 

who are high in test anxiety. However, the results in this study are exploratory. The subscales 

that I adapted and created to measure the data have not been cross validated on a further 

sample and thus all results must be interpreted with that caveat in mind.  

The following sections follow the research questions as they are key to the structure 

of this chapter.  

9.1 Worry Reduces in Both the Intervention and Control Groups 

In Research Question 1, I asked if the intervention that uses retrieval practice to teach 

the testing effect could reduce feelings of worry in 10-to11-year-olds. In the introduction to 

this thesis, test anxiety was highlighted as a problem for 10-to 11- year-olds and increased 

testing for this age-group was noted as a common factor (e.g., Harlen et al., 2002). Worry 

was identified as a key element in the test anxiety construct (Liebert & Morris, 1969). This 

identification led to my choice of measure in the Children’s Test Anxiety Scale (Wren & 

Benson, 2004) as one key subscale, thoughts, focussed on the worry or cognitive element of 

test anxiety.  

 
9.1.1 Interpretation of Results 

The idea of worry and its roles in an individual’s perceived control (Putwain & 

Aveyard, 2018) and in reducing uncertain control (Putwain & Pescod, 2018) in high stakes’ 

tests were key to the design of the intervention that used retrieval practice of the testing effect 

to increase self-efficacy to try and reduce worry and increase control in evaluative situations.  

Agarwal et al. (2014) suggest that retrieval practice made 72% of students feel less 

anxious about taking tests. The idea of using retrieval practice to improve individual control 
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in taking tests is key to this study, but the emphasis is different in my study because the 

retrieval is not of the subject content that is being tested on the exam but retrieval of a test 

taking strategy to build self-efficacy in test taking (alongside exam practice) and thereby, 

provide pastoral support to students. 

The results from the mixed, 2 x 2, factorial ANOVA show that the worry element of 

the test anxiety construct, as identified by Liebert and Morris (1967) reduced from pre-test to 

post-test for both the intervention and the control group. The reduction was larger for the 

intervention group but there was a reduction of worry for both the intervention and the 

control group. 

Perceived control (Putwain & Aveyard, 2018; Schunk & Pajares, 2005; Weiner, 

2010) and uncertain control (Putwain & Pescod, 2018) are part of the self-knowledge beliefs 

strand from the S-REF (Self-referent executive function) model (Zeidner & Matthews, 2005) 

of test anxiety and were the areas of the test anxiety construct that were targeted by the 

intervention. The intervention was designed to increase self-efficacy in test taking and alter 

self-knowledge beliefs, thereby reducing worry, increasing perceived control, and reducing 

uncertain control. Potentially, the theories of the testing effect, test anxiety and self-efficacy 

combine in the intervention in a dynamic similar to that of the triad of reciprocal causation 

(Bandura, 1986b). I tried to influence (through the intervention) test taking behaviour through 

what individuals could draw from their environment and their personalities by making them 

feel more self-efficacious about taking tests. 

Both the intervention and the control group experienced a reduction in worry at the 

post-test stage and this result may reflect the impact of the intervention for the intervention 

group. These results may suggest that the intervention altered the dynamic of the S-REF 

(Self-referent executive function) test anxiety model (Zeidner & Matthews, 2005) impacting 

the self-knowledge beliefs strand to create feelings of self-efficacy about taking tests. It is 

possible that the intervention provided the explicit and frequent feedback that Bandura (1997) 

recommends for students who lack self-efficacy. However, because there is a decrease in 

worry for both groups, it is important to consider why this result has happened and to 

acknowledge that reduction in worry or cognitive test anxiety may not be a direct result of the 

intervention.  

It may be that the reduction in worry for both groups reflects changing trends in 

educational practice. At the time that I started my study in 2016, retrieval practice in 
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classrooms, to my knowledge, was not commonplace although the learningscientists.org 

(https://www.learningscientists.org) had been created by then. The inclusion of retrieval 

practice in the U.K. Initial Teacher Training Core Framework (2020) and the increasing 

dissemination of this practice through organisations such as retrievalpractice.org, 

(https://www.retrievalpractice.org), learningscientists.org 

(https://www.learningscientists.org) and the launch of the Chartered College for Teachers 

(https://chartered.college) whose journal IMPACT was dedicated to cognitive science in 

January 2020, the blog from the Effortful Educator (https://theeffortfuleducator.com) about 

retrieval practice featuring interviews with key researchers in the retrieval practice field, the 

books ‘Make It Stick’ (Brown et al., 2014) and ‘Powerful Teaching’ (Agarwal & Bain, 

2019), may mean that students are practising testing more regularly in the classroom as a 

result of teachers learning about retrieval practice. A paper that highlights the benefits of 

testing in schools (Roediger, Agarwal et al., 2010) has 95 citations on Google and 2,940 

views on Academia.Edu as of February 2021. In addition, Mike Hobbiss, (Hobbiss, 2021) 

tweeted “most useful single paper for teachers that I have ever read” with reference to Yang, 

Luo et al. (2021) meta-analyses about the testing effect. 

These examples testify to the current popularity of ideas about retrieval practice and 

may explain why the control group also experienced a reduction in worry at the post-test 

measure that suggests a level of confidence in test-taking.  

9.1.2 Links to Test Anxiety 

The students in this study may have experienced much more retrieval practice in the 

form of low stakes tests in schools and may be aware of the benefits of the testing effect. 

Perceptions about testing that have historically been viewed as negative occurrences (e.g., 

Bjork et al., 2013; Dirkx et al., 2019) may be changing in schools.  

The Adapted Thoughts’ subscale was established through exploratory and 

confirmatory factor analysis and Question 28 ‘I feel scared’ loaded three times out of eight 

onto the thoughts’ subscale instead of the autonomic reactions’ subscale that was its loading 

on the original scale.  

The history of test anxiety has many models and constructs but the Liebert and Morris 

construct (1967) of worry (cognition) and emotionality (behaviour) was an important step in 

the definition of the construct. Wren and Benson (2004) themselves suggest that they may 

have defined the test anxiety construct too narrowly with their three subscales (thoughts 
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representing worry, autonomic reactions representing emotions and off task behaviours) and 

recommend that future studies look at alternative test anxiety content for children. The 

transactional model of test anxiety, the S-REF (Self-referent executive function) model 

(Zeidner & Matthews, 2005) that was central to this study, includes alternative content 

because it is a dynamic model drawing from the individual’s beliefs and circumstances. 

Moreover, Putwain et al. (2020) suggest that test anxiety is a multidimensional construct. The 

cross loading of Question 28, ‘I feel scared’ onto the thoughts’ subscale may suggest that 

‘feeling scared’ is being experienced by students as a worry, a cognitive response, more so 

than a feeling, for the data in this study.  

The loadings of the items for the Adapted Thoughts’ scale in the exploratory factor 

analysis suggest that the test anxiety construct is dynamic and complex as there are cross 

loadings across the subscales and it is possible that different students experience the different 

items on the questionnaire sometimes as thoughts, sometimes as feelings (autonomic 

reactions) and at different times in the testing process. The S-REF (Self-referent executive 

function) model (Zeidner & Matthews, 2005) incorporates this transactional element of test 

anxiety and the Adapted Thoughts’ subscale is an attempt at integrating children’s test 

anxiety with alternative content to represent the more dynamic nature of transactional test 

anxiety. My attempt uses a similar principle to Putwain et al. (2020), von der Embse et al. 

(2021) in treating test anxiety as a multidimensional construct. However, in my study, the 

research is focussed on the cognitive element of test anxiety. The exploratory factor analysis 

of the Children’s Test Anxiety Scale allowed me to see if any items from the other subscales 

loaded onto the cognitive or thoughts’ subscale in my study and allowed me to explore the 

multidimensional nature of test anxiety before I adapted the established measure.  

The Adapted Thoughts’ subscale consists of eight items, to measure the cognitive test 

anxiety element of worry in children and was created by me, a teacher / researcher and 

validated through Cronbach’s alpha, confirmatory and exploratory factor analysis as well as 

measurement invariance and may add to the few existing measures for test anxiety in 

children. The brevity of the subscale may be an asset for use with 10-to 11-year-olds and the 

Adapted Thoughts’ subscale could easily be combined with the Self-efficacy in Test Taking 

subscales to form a type of multidimensional test anxiety measure that is still only 21 items in 

total. It would need cross validating in a further sample. 
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9.1.3 The Multilevel Linear Model  

The problem with both the latent means analysis and the 2 x 2 mixed, factorial 

ANOVA is that the potential hierarchical (classroom / school) nature of the data is not 

considered. The multilevel linear model allowed me to look at the data at classroom / school 

level as well as at participant level. Usually, an ANCOVA can be run to control for pre-test 

scores and provide a more informative analysis (e,g., Dugard & Todman, 1995) but because 

there was no homogeneity of regression slopes, the assumption that must be met for 

ANCOVA analyses (Field, 2012), I used the multilevel linear model.  

The scatter plots (Figure 8.2 and Figure 8.3) of the intervention and control groups’ 

data and for the different schools showed that there were clusters of pre-test and post-test 

scores and the multilevel linear model has allowed me to see whether these clusters were 

happening in schools or at the individual participant level. Given the difficult but essential 

(e.g., Nelson & Narens, 1994) nature of conducting interventions in the real-world 

environment of classrooms, this information is useful. 

An important aspect of the multilevel linear model is the Intraclass Correlation that 

shows the total variability in the outcome (post-test scores) that can be attributed to the 

different classes. The Intraclass Correlation is a way of showing how the classes behave. I 

think of it as a group dynamic measure. A large Intraclass Correlation suggests that there is 

little variability in the outcome within the class (the students are doing and thinking the same 

things in their classes). The opposite is true. If the group dynamic in the class has little effect 

on the individuals, then the outcome (post-test score) varies greatly within the class and there 

is a small Intraclass Correlation (Field, 2012). 

The Intraclass Correlation denotes whether there is significant clustering in an 

observation (Heck et al., 2014). For the first model, the variance components model, the 

Intraclass Correlation is 11 % for the Adapted Thoughts’ subscale. This result suggests the 

proportion of variation in post-test scores that lies between the schools is 11%.  

When the multilevel linear model was changed to include the explanatory variables of 

groups and the centred grand means of the pre-test scores as level 1 fixed effects with schools 

as level 2 random effects, the random intercept model, then the Intraclass Correlation reduced 

to 5%.  

Looking at the data in this way allowed me to capture a more natural picture of what 

is happening (Buchanan, 2017) because not all students start in the same place (fixed 
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intercepts). Looking at random effects’ models rather than fixed effects’ models means that 

various sources of variance can be considered (e.g., Crowson, 2019; Field, 2012; Heck et al., 

2014). Fitting the random intercepts model with level 1 predictors of group and pre-test 

scores resulted in a significant !X² from the variance components’ model. This result 

suggests that the pre-test scores that are in clusters are affecting the post-test score outcomes 

but that this result is mainly at the participant level. The clustering of pre-test / post-test 

scores in the data may represent a limitation in terms of the very nature of using 

questionnaires with a Likert type four-point scale. (see Limitations). 

The Intraclass Correlation suggests that 11% of the sample’s variation in outcome 

(post-test scores) is attributable to the school or class the participants were in. This result 

means that for 89% of the sample, the participants’ outcomes (post-test scores) are varied 

within the class. In other words, it is not specific schools that are behaving very differently to 

the majority. However, this result does suggest that approximately one school (11%) is 

contributing to the clustering.  

Many of the clustered data points are from the control group’s schools. I examined 57 

data points in the clusters and 38 points were from control schools. Thus, one can conclude 

that the control group’s schools are more likely to be contributing to the clusters of pre-test 

and post-test scores than the intervention group’s schools.  

As a teacher and researcher, this result suggests to me, that the students, in the control 

group are generally feeling confident about taking tests at the pre-test and post-test stage and 

that confidence in test taking is occurring at the participant level rather than at the school 

level, apart from one school that does account for 11% of the clustered scores. Therefore, the 

multilevel linear model may suggest that there is confidence in test taking at the individual 

participant level especially for the control group. It is possible that the school that took online 

tests rather than actual high stakes exams’ is contributing to the level of test taking 

confidence. This school is identifiable in the centre of the clusters. An independent t test was 

run (Research Question 5) to see if there was a difference between this school and another 

similar school and there was not a significant difference. 

9.1.3.1 Limitations of the Multilevel Linear Model. The sample size for the level 

two units, the schools, may be a limitation of the model. There is no real rule of thumb 

measure (Field, 2012) but it is commonly accepted that the larger the better (Field, 2012). In 

addition, I used grand centering of the mean for the level one fixed effect predictor, pre-test 
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score because I wanted to focus on the level two variable of school and control for the level 

one covariate of group and pre-test scores (Field, 2012). However, Antonakis et al. (2019) 

recommend using a cluster mean to ensure the assumptions for the random effects model are 

met.  

9.2 Self-efficacy in Test Taking Increased in the Intervention and the Control Group 

In Research Question 2a, I asked if the intervention increased feelings of self-efficacy 

in test taking in 10-to-11-year-olds. In the literature review, I suggest that by manipulating 

feelings of self-efficacy in test taking at the self-knowledge beliefs strand in the S-REF (Self-

referent executive function) model of test anxiety, (Zeidner & Matthews, 2005) where 

maladaptive coping may set in, may serve to reset the appraisal of test taking self-efficacy 

ahead of the evaluative situation itself (Schutz et al., 2014). The findings are interpreted here 

for the Self-efficacy in Test Taking and Little Self-efficacy in Test Taking subscales that 

were used as measures for this question. 

9.2.1 Interpretation of Results 

Both subscales were created using exploratory and confirmatory factor analysis as 

well as tested for measurement invariance across gender, group and timepoint. The results 

from the mixed 2 x 2 factorial ANOVA for the Self-efficacy in Test Taking subscale (where 

higher scores represent higher self-efficacy in test taking) show that feelings of self-efficacy 

in test taking increased for both the intervention and the control group. The increase was 

slightly larger for the intervention group. 

The results from the mixed 2 x 2 factorial ANOVA for the Little Self-efficacy in Test 

Taking subscale (where lower scores represent higher self-efficacy in test taking) show that 

feelings of self-efficacy in test taking increased for the intervention and control groups. There 

was a significant interaction between group and timepoint suggesting that students in the 

intervention group benefited significantly from the intervention and experienced an increase 

in feelings of self-efficacy in test taking when measured with the smaller subscale. 

Both the intervention and control group’s self-efficacy in test taking increased from 

pre to post-test when measured with both of the subscales. It is possible that the intervention 

manipulated the self-knowledge beliefs strand of the S-REF (Self-referent executive 

function) model (Zeidner & Matthews, 2005) of test anxiety to make students feel more self-

efficacious in test taking. It may be that students, as a result of the intervention, feel more 

self-efficacy for test success (Smith et al., 1990). It is possible that the intervention has 
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worked to intercede at the forethought level when test anxiety manifests (Schutz & Davis, 

2000; Schutz et al., 2014) to reduce a perceived threat and give more control (Putwain & 

Aveyard, 2018; Putwain & Pescod, 2018). However, because self-efficacy in test taking 

increased for both the intervention and control group when measured with the self-efficacy in 

test taking subscales, it is also possible that students may generally be feeling more confident 

about taking tests because it is becoming more common to practise tests in class as teachers 

are more familiar with the benefits of retrieval practice.  

There was a significant increase of feelings in self-efficacy for the intervention group 

when measured with the Little Self-efficacy in Test Taking subscale. It is conceivable that the 

negatively worded items on this subscale elicited responses more easily from the students. 

This outcome may be because the language in the questions is more emotive and resonated 

more with students, especially students who are high in test anxiety and who may have been 

in a more emotive state when completing the questionnaires (e.g., Sarason, 1972; Schutz et 

al., 2002). The results may suggest that the intervention worked very well with students who 

identify with more negative feelings about test taking than positive ones. Williams et al. 

(2001) propose that negatively worded items performed better than positively worded items 

with middle school students; a finding that contradicted Benson & Hocevar (1985) where 

elementary school students were less likely to show agreement through disagreeing with 

negatively worded items than showing agreement for positively worded items. Responses to 

wording of items on a questionnaire is another variable that needs to be considered as a 

potential limitation when using questionnaires (e.g., Weems et al., 2003). 

Perhaps, a clue to these responses may lie in the fear appeals research (e.g., Putwain 

& Best, 2011; Putwain et al., 2014). For students who are low in test anxiety, fear appeals 

(reminders about upcoming high stakes’ tests and their possible consequences) can work to 

motivate some students but for students who are high in test anxiety, fear appeals can make 

them more anxious. It is possible that the negatively worded items on the Little Self-efficacy 

subscale had more impact with students who are high in test anxiety and at various levels 

approaching a high level. 

The ANCOVA for the Little Self-efficacy in Test Taking Subscale that adjusted for 

the covariate pre-test scores on the dependent variable of the post-test score for the 

intervention and control group showed a decrease in the marginal means from the descriptive 

means for the intervention group. This result suggests an increase in self-efficacy in test 
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taking for the intervention group. For the control group, the marginal means increased 

suggesting a decrease in self-efficacy in test taking for the control group.  

This result may suggest that the intervention worked to increase self-efficacy in test 

taking with the intervention group. It may suggest that the control group would have 

benefited from the intervention because self-efficacy in test taking reduced. However, the 

problems applying to the completion of pre-test and post-test questionnaires and Likert scales 

(see 9.2.3) may apply. In addition, the Little Self-efficacy in Test Taking subscale has not 

been cross validated and so all results are exploratory. 

9.2.2 Links to Control 

In terms of control and test taking, Schunk and Pajares (2005) suggest that people 

expect success relative to the measure that they feel in control of their behaviour. The 

increase in self-efficacy in test taking could be as a result of the intervention for the 

intervention group who feel more in control. Knowing that their ‘testing routes are well oiled’ 

that was a key phrase in the intervention, borne from the idea of recall facilitating recall, the 

idea of memory as a modifier (Bjork., 1975; Bjork, 2012) may have increased their perceived 

control (Pekrun, 2006; Putwain & Aveyard, 2018) and reduced uncertain control (Putwain & 

Pescod, 2018) by altering the strand of self-knowledge beliefs in the S-REF (self-referent 

executive function) model of test anxiety (Zeidner & Matthews, 2005) 

It is possible that the intervention manipulated how the students felt about taking tests 

and altered a social learning model of test anxiety (Smith et al., 1990) to improve any 

potential loss of self-control. Potentially, for the control group, any change to their perceived 

and uncertain control may be a result of more retrieval practice with low stakes tests. Both 

groups were taking practice tests at the time of the intervention and thus these practice tests 

may have contributed towards feelings of self-efficacy in test taking and therefore control. 

This variable has not been measured although it has been commented on in the teacher and 

student feedback.  

Smith et al. (1990) suggest that self-efficacy for test taking success as part of the 

social learning model contributes towards test anxiety and academic performance as well as 

cognitive attentional models of test anxiety. If the results of Research Question 2a are 

regarded in the light of this statement, then the interaction that shows a significant increase in 

feelings of self-efficacy in test taking for the intervention group when measured with the 

Little Self-efficacy in Test Taking scale would support the suggestion from Smith et al. 
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(1990) that interventions that are multimodal are important. The caveat that needs to be 

applied to my study is that the effect of taking practice tests alongside the intervention has 

not been measured as a separate process. 

The findings from this study may challenge the idea proposed by Putwain & Aveyard 

(2018) that younger children and girls have less perceived control than older children. This 

result may be because of increased use of retrieval practice in classrooms or as a result of the 

intervention to increase self-efficacy in test taking and thereby improve perceived control. 

The findings may support Agarwal et al. (2014) in that retrieval practice provides a strategy 

to reduce test anxiety. To my knowledge, retrieval practice of the testing effect itself has not 

been used before as a test anxiety intervention.  

Furthermore, and related to the literature around fear appeals (e.g., Putwain & Best, 

2011; Putwain et al., 2014) and the role of the teacher in test anxiety (e.g., Schutz et al., 

2014), Putwain et al. (2014) suggest that students respond in different ways to fear appeals 

and it may be that for students, who are high in test anxiety, the reassurance of hearing from a 

teacher that ‘your testing routes are well-oiled’ is a really important phrase and the results are 

shown by the significant result in the interaction for this research question when measured 

with the Little Self-efficacy subscale.  

The S-REF (Self-referent executive function) model (Zeidner & Matthews, 2005) was 

the key model of test anxiety identified in the literature review. I designed the intervention to 

target the self-knowledge beliefs’ strand of this model with the aim of moderating test 

anxiety at this stage of the test anxiety process by giving students some control over feelings 

about test taking.  

The research about perceived control (Putwain & Symes, 2018) and uncertain control 

(Putwain & Pescod, 2018) recommend that interventions that are designed to alleviate the 

worry or cognitive element of test anxiety are unlikely to improve performance unless they 

also target control (Putwain & Symes, 2018). They state that there is no empirical evidence 

for how self-belief is acting with the cognitive element of test anxiety to predict exam 

performance. Zeidner (2014) proposes a crossover is needed between test anxiety and other 

theories. The intervention and creation of a self-efficacy in test taking measure provided this 

cross over of theories and the exploratory results from this study offer some empirical 

evidence about how self-belief (self-efficacy in test taking) is acting with cognitive test 

anxiety although performance is not measured in this study. 
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9.2.3 Limitations to Research Questions 1 and 2a 

I do not know if just taking practice tests which is what all the schools were doing in 

the run up to high stakes’ tests are contributing towards a confidence level in test taking. This 

variable has not been measured. Teacher feedback (see Appendix D) suggested that a 

combination of learning about the testing effect and taking practice tests works. 

 Figure 8.2 and figure 8.3 that show clustering on the Adapted Thoughts’ subscale 

that was used to measure cognitive test anxiety or worry may suggest that the students want 

to appear confident or are not sure what to fill in on the questionnaires, so aim for the ‘some 

of the time’ options. This problem may arise from using pre-test and post-test questionnaires 

with Likert type scales.  

In addition, D’Mello et al. (2013) discuss learners’ being more likely to under report 

positive experiences. Kivikangas et al. (2011, p.183) refer to self-report items being subject 

to “participant answering style, social desirability, interpretation of questionnaire item 

wording, or limits of participant memory’. My experience as a teacher suggests that the age-

group in this study tend to be truthful about their feelings but I acknowledge that students can 

be susceptible to peer, parental and teacher pressure and all students are different. D’Mello et 

al. (2014) refer to learners’ honesty and willingness to report emotions and social pressure 

when reporting negative emotions and accuracy at being able to label one’s own emotions. It 

is possible that the students were unsure of their emotions at either pre-test or post-test. It is 

possible that they were dishonest. It is also possible that some responses are inaccurate 

because the right answer was not available as an option for a participant. Variations and 

combinations of the above ideas may also exist for individuals. 

Moreover, it is also possible that the very nature of a four-point Likert type scale was 

not the best choice for a questionnaire as it may have encouraged students to opt for the 

middle ground and that this option is what we can see in terms of the clusters of the data for 

the Adapted Thoughts’ subscale. However, the Children’s Test Anxiety questionnaire does 

have good validity and has been used repeatedly with children of this age-group (e.g., Aydin 

& Bulgan, 2017) and the Self-efficacy in Test Taking questionnaire was designed with this 

aspect in mind, to mirror the Likert type scale to make it easier for 10-to11-year-olds.  

Sarnoff et al. (1958) suggest that some students may be reluctant, possibly through 

societal conditioning, to acknowledge their own feelings in questionnaires. As a teacher, I 

have observed a sense of debrief when students come out of an exam situation; feelings of 
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relief and / or worry about the outcome are expressed enthusiastically and it is possible that 

these feelings may affect the emotive state at the post-test stage and consequently, the post-

test score. As a teacher, who has witnessed many students leaving exam halls, this scenario is 

the ‘What did you get for?’ ‘I only wrote’, ‘I did not write that’, ‘Oh no, I didn’t see that 

question’ type of communication that students exchange in when leaving the exam room. I 

have seen students cry as they leave exam halls when they realise that they have answered 

incorrectly or missed a question out.  

In addition, there is a potential problem because of the timing of the post-tests. The 

post-test timepoint was a variable that was difficult to control for in this real-world research 

setting and some high stakes’ tests were conducted over a period of four weeks so inevitably 

the timings of the post-tests varied from school to school. The pre-test / post-test design may 

have worked in enabling me to measure change, but it is also possible that just by completing 

a pre-test that the groups’ responses at post-test have been altered (e.g., Shuttleworth, 2009) 

Sommer and Arendasy (2014) discuss the effect of timepoint on measurements for 

trait test anxiety in their paper that examines measurement bias and test anxiety. In their 

study, the post-test questionnaire resulted in a high, test anxiety to performance correlation. 

This result may be because students are anxious about the way they have just performed on 

the test. Zeidner (1998) suggests that the levels of state anxiety that are experienced by 

students during tests may prime emotions remembered from previous tests. It is possible that 

answers in post-test questionnaires may be affected by recent and past test experiences. 

These potential issues are compounded by test anxiety being a difficult construct to 

measure because of the reliance on pre and post-tests and the inability to be able to measure 

test anxiety at the very beginning or the middle of a test because such a measure could affect 

performance in a test (e.g., Schutz et al., 2014). An interruption of this kind could be 

disastrous for an individual candidate and exam regulations would be broken. There is the 

notable exception of Galassi et al. (1981). It is possible that the timing of the post-tests has 

contributed to the results in my research questions. The self-efficacy questionnaires were 

administered alongside the Children’s Test Anxiety Scale questionnaires and thus the 

arguments outlined by Zeidner (1998), D’Mello et al. (2014) and Sarnoff et al. (1958) apply 

to both Research Questions 1 and 2a.  

9.2.3.1 Limitations of the Self-efficacy in Test Taking Questionnaire. The design 

of the Self-efficacy in Test Taking questionnaire may be a limitation in this study. Using a 
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Likert type scale without a midpoint and modelled on the Children’s Test Anxiety Scale 

Likert type responses was, in my opinion, probably a good idea as these options mean that 

the upper primary aged students could not simply opt for the middle response value and the 

two questionnaires were similar and therefore, potentially more accessible. There may be 

some issues around the negatively worded items on the questionnaire. This wording was 

formulated to avoid response bias in the answers (Chyung et al., 2018) but a lot of 

researchers are now critical of this practice (e.g., Benson & Hocevar 1985; Chyung et al., 

2018). In defence of this process, the negative items were kept to a minimum and mainly 

grouped together in the questionnaire and have been interpreted separately. 

From my experience as a teacher of this age-group, I think it is possible that the 

negative wording of the items on the Little Self-efficacy Scale in Test Taking subscale 

‘panic’, ‘negative thoughts’, ‘doubt’ had more impact on the students in terms of their 

automatic responses and that although the negatively worded questions weren’t signposted as 

such (Chyung et al., 2018), the negative emotive language is unlikely to have been 

misinterpreted and may well have served as a ‘wake up’ call should a participant be feeling 

fatigued. (e.g., van Sonderen et al., 2013) Or, perhaps, I must consider that the students were 

confused by the questions and answered in the same way as the larger subscale. (Chyung et 

al., 2018)  

It may be that reverse worded items confused the students (e.g., Weems et al., 2003; 

van Sonderen et al., 2013). However, reverse worded items are often recommended as good 

practice in questionnaire design (e.g., Swain et al., 2008). Exploratory factor analysis and 

confirmatory factor analysis confirmed two subscales for the items in the questionnaire and 

two items were removed (Q5 ‘When I take tests, I feel anxious about being in a different 

room to my usual classroom’ and Q6 ‘When I take tests, I feel anxious about the instructor’ 

to create the Little Self-efficacy in Test Taking subscale.  

The data were measured with both subscales and supports the ideas expressed by 

Hartley (2013) who suggests that reverse worded coded items’ results should be presented 

separately; obtaining two subscales and reporting on both of these managed this process 

effectively.  

Using positively and negatively worded items in the questionnaire may guard against 

response bias such as acquiescence bias, (Chyung et al., 2018) or inattention and confusion 

(van Sonderen et al., 2013). One way to guard against fatigue is to create a short 
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questionnaire and to group negatively worded items together. There were only four items out 

of fifteen that were negatively worded, and they were partially grouped together. Using a 

four-point scale is a good idea according to Garland (1991) as it forces the respondent to 

make a choice. One can improve the quality of data and reporting by completing all analyses 

separately (Hartley, 2013).  

Benson and Hocevar (1985) discuss the impact of item phrasing with elementary 

students. The design of the Self-efficacy in Test Taking questionnaire could have been 

improved through seeking children’s input. The Self-efficacy in Test Taking questionnaire 

was not used in the pilot but it was trialled by me in a classroom before other teachers used it 

in the main study. My Year 6 students, who were a mixed ability class, accessed the 

questions readily but I hadn’t consulted them in the creation of the questionnaire. In terms of 

seeking expertise (e.g., Putwain, 2020) in the design of the questionnaire, I presented the 

proposed Self-efficacy in Test Taking questionnaire to the INSTRUCT (Implementing New 

Student Thinking Resources Using Cognitive Theory) lab and received feedback about the 

wording of the items on the questionnaire. 

I managed the self-efficacy data by creating two subscales using the robust processes 

of exploratory and confirmatory factor analyses and measurement invariance. They were 

tested by Cronbach’s alpha for reliability and fit statistics confirmed the subscales. 

Therefore, I have approached the analyses of data from a thorough perspective (e.g., Zhang 

2016).  

Although the results from the Self-efficacy in Test Taking subscales are exploratory 

because both subscales need cross validating on another sample, they allow me to explore the 

fundamental relationship that is the role of self-efficacy in test taking to the element of worry 

in the test anxiety construct and this relationship is the basis of Research Question 2b. 

9.2.4 Implications for the Classroom from Research Questions 1 and 2a 

In the spirit of the EdD qualification, the results of this study that incorporate the 

theories of cognitive science, specifically, the testing effect, test anxiety and self-efficacy are 

presented here in terms of implications for education, for use in the classroom. In Chapter 10, 

there is an evaluation of the intervention itself and further reflections and thoughts for 

curricula change and policy reform.  

Putwain, Chamberlaine et al. (2014) report on the success of the STEPS (Strategies to 

Tackle Exam Pressure and Stress) intervention for 15- to16 -year- olds that was successful in 



 187 

reducing test anxiety in students with high test anxiety. One aspect of the intervention was 

replacing negative self-talk with positive self-talk. 

The phrase ‘your testing routes are well-oiled’ that was key to the intervention and 

was my way of interpreting the idea of memory being a modifier (Bjork, 1975) as recall 

promotes recall, does encourage positive self-talk /thinking. I wanted the students to feel that 

their practice testing had prepared them well for tests and to know that the reason why the 

testing effect works. It was explaining why the testing effect works that was important.  

The results for the first two research questions suggest a reduction in worry and an 

increase in self-efficacy for both the control and intervention groups. It is possible that the 

intervention worked for the intervention group and potentially the writing tasks in the 

intervention help to manage test anxiety. These were not measured separately or specifically 

but constitute a third of the intervention. These findings may add to the literature that 

suggests writing about feelings about testing can reduce stress in high stakes’ tests. (e.g., 

McKeachie, 1951; Ramirez & Beilock, 2011) Especially, writing about testing and self-

efficacy can reduce test anxiety (Lang & Lang, 2010). In this study, the retrieval of a high 

stakes’ testing strategy features two weeks of writing. A letter to Bob Bjork about the testing 

effect and also a letter to a friend giving advice about how to manage test anxiety. (see 

Appendix D). Teachers can use the intervention or perhaps aspects of the intervention, such 

as the writing tasks, to boost their classes’ cognitive morale prior to high stakes’ testing. 

Furthermore, learning about the testing effect will enable students to understand why they are 

being tested. It may enable students to make more accurate judgements about what they know 

and need to learn. Knowing how memory works is, in my opinion, a cognitive advantage, for 

life. 

The majority of student and teacher responses support the idea that learning about the 

testing effect through retrieval practice helps them feel more self-confident when taking tests, 

especially when combined with practice tests. (see Appendix D) It gives the ‘why’. Giving 

students the ‘why’ means giving them control. (Martin 2002, 2007; Putwain, 2018) This idea 

supports Zepeda et al. (2020) and their proposals for more research into motivational links 

and desirable difficulties and also supports Agarwal et al. (2014) findings about how retrieval 

practice reduces test anxiety with this age-group.  

Moreover, the results suggest that the intervention worked particularly well with 

students, who experience high test anxiety, an average of 10-20% in any classroom. This 
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number is significant and may give these students a coping strategy to allow them to control 

negative thinking. The discussion for Research Question 3 expands on this idea. 

The implications for schools are that this intervention can be delivered by a classroom 

teacher and teaches students about the testing effect, making the link for students about why 

testing works and may act as a sort of silver psychological educational bullet (Yeager & 

Walton, 2011) to increase feelings of self-efficacy in test taking, especially for students who 

are high in test anxiety.  

On a personal note, when I was discussing this study at a Girls’ Schools Association 

training occasion, one of the teachers came up to me and said: ‘That’s the missing link; the 

missing piece of the jigsaw puzzle; teaching the children how testing works on the brain’.  

Teaching students the cognitive theory of retrieval practice using the testing effect may be the 

missing link in creating feelings of self-efficacy in test taking and giving students more belief 

so that worry is reduced.  

The new Adapted Thoughts’ subscale and Self-efficacy in Test Taking subscales have 

good reliability and validity and were created by a teacher and used in schools and can be 

used in classrooms once they have been cross validated. 

9.3 MIMIC Models and the Relationship Between Test Anxiety and Self-efficacy in Test 
Taking. 

In Research Question 2b, I asked what self-efficacy in test taking sum scores tell us 

about individual test anxiety and have used MIMIC (Multiple Indicators, Multiple Causes) 

models to explore this relationship.  

9.3.1 Interpretation of results 

MIMIC (Multiple Indicators, Multiple Causes) models are a way of using 

Confirmatory Factor Analysis with a covariate to examine the effect of an explanatory 

variable on a latent variable (Finch & French, 2015). An idea posited in the literature review 

is about developing more control through reducing uncertain control (Putwain & Pescod, 

2018) and improving perceived control (Putwain & Aveyard, 2018) in evaluative situations. 

By examining the specific relationship of self-efficacy in test taking on worry, the cognitive 

element of test anxiety (Liebert & Morris, 1967) I hope that the results contribute some ideas 

as to how worry and self-efficacy in test taking relate to each other and how this relationship 

may contribute towards increased control in test taking.  
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The MIMIC (Multiple Indicators, Multiple Causes) models have allowed me to 

examine the significance of the relationship between self-efficacy in test taking and worry as 

measured by the latent variable from the confirmatory factor analysis and subsequent 

measurement invariance of the Adapted Thoughts’ subscale.  

I ran MIMIC (Multiple Indicators, Multiple Causes) models for intervention and 

control groups at pre-test and post-test conditions with both the Self-efficacy in Test Taking 

subscale and the Little Self-efficacy in Test Taking subscale to look at the relationship 

between self-efficacy in test taking sum scores and the worry element of test anxiety. The 

self-efficacy in test taking subscale sum scores were the regressed covariate to the latent 

model of adapted thoughts. 

If the estimate is statistically significant then we can conclude that the covariate is 

related to the factor (Finch & French 2015). In this case, if the estimate is statistically 

significant, we can conclude that feelings of high /low self-efficacy in test taking are related 

to the level of worry about test taking. Where the covariate is continuous as it is in this case, 

(sum scores in the Self-efficacy in Test Taking Subscales) then #,	the estimate, can be 

interpreted just like the slope in a standard regression analysis. (Finch & French, 2015).  

Results of the MIMIC models (Multiple Indicator, Multiple Causes) models (see 

Appendix G, Table G.57, Figures G.17 – G.28) show that for all of the intervention groups, at 

pre-test and post-test, and with both subscales that the high and low self-efficacy is 

significantly related to worry and that there is an inverse relationship: high worry and low 

self-efficacy, high self-efficacy and low worry. For the control group, the p values between 

high and low self-efficacy and worry do not show a difference. This result suggests that there 

is no relationship between self-efficacy in test taking and worry for the control group. This 

result may reflect the clusters of data, particularly for the control group in the Adapted 

Thoughts’ data.  

It is possible that the intervention group were more conscious of their feelings about 

test taking as a result of receiving the information from the intervention and that this feeling 

is represented in a more wide-ranging data that gives the significant inverse relationship seen 

in the multiple indicator and multiple causes model for the intervention groups. Path 

diagrams show the relationship from the observed variable, self-efficacy in test taking 

(measured with both subscales) to the factor, the score on the Adapted Thoughts’ subscale. 

(see Appendix G, Table G.57, Figures G.17 - G.28) 
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9.3.2 Limitations 

Opposing views exist in the literature about the use of MIMIC models. Lee et al. 

(2013) suggest that formative MIMIC models should not be used as they do not provide a 

valid method of integrating formative variables into empirical studies and conceptualizing a 

causal relationship is illogical. On the other hand, Diemer (2019) wonders why MIMIC 

models are not used more commonly. In this study, I did not seek to establish a causal 

relationship between self-efficacy in test taking and worry but have used the MIMIC model 

simply for exploration of the relationship between the self-efficacy data to the Adapted 

Thoughts’ data by looking at the regression of the covariate to the latent variable for the 

intervention and the control group. I followed the procedure for calculation and interpretation 

from Finch & French (2015) and was able to discuss my model and the continuous covariate 

used (personal communication, Holmes Finch, March 2021)  

9.3.3 Implications 

The results may add to the literature around perceived control being a critical factor in 

understanding the relationship between test anxiety and test performance (Putwain & 

Aveyard, 2018) and the reduction of uncertain control (Putwain & Pescod, 2018) being key 

to reducing test anxiety and is an example of trying to target one aspect (Putwain, 2018), the 

self- knowledge beliefs strand of the S-REF (Self-referent executive function) model 

(Zeidner & Matthews 2005) to reduce test anxiety. 

It is interesting that the relationship between high and low self-efficacy to worry is 

only significant in all the conditions of the intervention group and not in any conditions of the 

control group. The Adapted Thoughts’ data had clusters between response values one and 

two at pre-test and post-test especially for the control group and the intervention group’s data 

is much more spread out. This result could represent the effects of the intervention or simply 

the participants themselves. The subscales need to be cross validated with another sample and 

these results are exploratory, but they may suggest that receiving an intervention designed to 

reduce worry or the cognitive element of test anxiety can alter feelings of self-efficacy in test 

taking. For this study and this data, the results suggest that an inverse relationship exists 

between feelings of high and low self-efficacy in test taking and low and high worry 

respectively for the intervention group.  
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9.4 Students Who Are High in Test Anxiety Benefit Significantly from the Cognitive 
Intervention. 

In Research Question 3, I asked if feelings of worry can predict how well student self-

efficacy changes in the intervention group? This question is answered by analysing the data 

relating to students who are high in test anxiety. In every classroom, there will be some 

students who are high in test anxiety. According to Cizek and Burg (2006), it is impossible to 

know how many are in a school. Putwain and Daly (2014) suggest a value of between 10 -

20% and in this study 18% of students were high in test anxiety (N = 31).  

9.4.1 Interpretation of Results 

The results suggest that the intervention of teaching students about the testing effect 

for students, who are high in test anxiety, increased their feelings of self-efficacy in test-

taking using both the Self-efficacy in Test Taking and the Little Self-efficacy Scale in Test 

Taking subscales. Additionally, when measured with the Adapted Thoughts’ subscale to look 

at worry, the intervention group’s students, who were high in test anxiety, experienced a 

much larger reduction in their means than the control group, again suggesting that students, 

who are high in test anxiety, benefited from the intervention. 

 It may be that the intervention provided a coping strategy, intervening in the 

negative, irrational thoughts that can beset students who are high in test anxiety (e.g., 

Hembree, 1988; Zeidner, 2014). It is possible that the intervention enabled the students to 

keep the exam in perspective (Schutz et al., 2002). Students, who are high in test anxiety 

suffer with worrisome thoughts (e.g., Goonan, 2003; Sarason, 1972) and intrusive worry 

(Covington, 1982). For students who are high in test anxiety, the anxiety process can start 

with accessing negative self-beliefs (e.g., Matthew et al., 1999) so it is possible that the 

intervention intervened at this point of the S-REF (Self-referent executive function) model of 

test anxiety (Zeidner & Matthews, 2005) and the self-knowledge beliefs layer to increase 

self-efficacy and reduce negative self-beliefs and therefore reduce worry for students who are 

high in test anxiety.  

Schutz et al. (2002) suggest that even learning test taking strategies can make 

students, who are high in test anxiety, anxious. In the control group, there was a reduction in 

self-efficacy in test taking for students, who are high in test anxiety when measured with the 

Little Self-efficacy scale and this result may link to the idea proposed by Schutz et al. (2002) 

in that even knowing that they need to study for an exam can be a trigger for anxiety and 

these students are often critical of themselves and their exam performance (Zeidner, 2014). 
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However, the results from the intervention group challenge the idea of learning about test 

taking making students more anxious (Shutz et al., 2002) as the benefits of the intervention 

when measured with both subscales in the Self-efficacy in Test Taking instrument show an 

increase in feelings of self-efficacy in test taking for these students. It is possible that the 

students in the control group would benefit greatly from the intervention of learning about the 

testing effect as the results suggest the intervention had a significant effect for students who 

are high in test anxiety when measured with the Little Self-efficacy in Test Taking subscale. 

Young et al. (2003) refer to treating test anxiety through modifying the schema. In 

other words, small changes to the way that thoughts are linked. The results for the students 

who are high in test anxiety suggest that their schema may have been altered by the 

intervention. It is possible that they were able to access more self-efficacy in test taking 

thoughts through drawing upon their knowledge of the benefits of the testing effect and 

knowing they had practised this recall. 

The idea of writing worrisome thoughts down as a coping strategy for test anxiety is 

not new (e.g., McKeachie, 1958). Lang and Lang (2010) suggest that competency priming 

ahead of an exam is beneficial for students who are high in test anxiety and improves test 

taking self-efficacy. Shen, Lang et al. (2018) suggested that positive writing ahead of taking a 

test benefited Chinese students. Ramirez and Beilock (2011) found that writing about testing 

helped students who were high in test anxiety.  

There were two writing tasks in the intervention in week four and week six and the 

recall of the testing effect was needed to complete the tasks. The act of recall about the 

testing effect through writing a ‘Letter to Bob’ and then an advice letter to a friend, may have 

helped the students who are high in test anxiety feel more self-efficacious about test taking. 

In this study, the intervention was delivered to all students in the class. This way of 

delivering the intervention was for two reasons: the potential positive effects on general well-

being that a test anxiety intervention may yield (Weems et al., 2015) and, in my opinion, it is 

ethically apt with this young age-group. The problem with delivering an intervention to 

students, who are identified as high in test anxiety, and not to other students means that they 

could be subject to unwelcome peer observation and it may make them feel more anxious 

about the tests if they are treated differently to other students in the class.  
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9.4.2 Links to High Test Anxiety 

This finding supports and adds to the literature about the success of interventions for 

students, who are high in test anxiety (e.g., Putwain, Chamberlaine, 2014.) There is a now 

new measure available that has good validity for its subscales, to measure a specific facet of 

the self-knowledge beliefs strand of the S-REF (Self-referent executive function) model of 

test anxiety (Zeidner, & Matthews, 2005); the Self-efficacy in Test Taking instrument. A key 

aspect to consider is that the intervention in this study may fill the gap identified recently by 

Putwain (2020, p.6) as a “pressing need” for test anxiety interventions for this age-group in 

particular, due to the high stakes’ tests that Year 6 must sit.  

Furthermore, the nature of retrieval practice has been shown to reduce test anxiety 

(Agarwal et al., 2014) but retrieval practice of cognitive theory to reduce test anxiety has not 

been tried before and the results suggest that retrieval practice of the testing effect is effective 

at increasing feelings of self-efficacy in test taking for students who suffer with high test 

anxiety. The potential wider impact of the results from this study for the classroom / schools 

are that in using retrieval practice to recall test taking strategies, in an intervention that 

teachers can deliver, can result in individual improvements in self-efficacy in test taking and 

that belief in capability, no matter what the ability leads to improved performance (Bandura, 

1997). Moreover, a teacher /school may be able to provide a coping mechanism for students 

who are high in test anxiety to help in evaluative situations.  

9.4.3 Limitations  

One limitation is that although there is scale reliability and good fit statistics for the 

Self-efficacy in Test Taking instrument, the subscales have not been cross validated with 

another sample. Further limitations about the use of questionnaires to measure psychological 

characteristics have already been discussed. I think the nature of the wording on the Little 

Self-efficacy in Test Taking scale that was potentially more emotive that other questions may 

have resonated more with students who are high in test anxiety (e.g., Benson & Hocevar; 

Weems et al., 2003; 1985 William et al., 2001) but I have not measured this idea in any way 

in this study and think that more research is needed about how students, who are anxious 

about tests, respond to wordings on test anxiety questionnaires, especially for this age-group.  

9.4.4 Implications for the Classroom  

The results for the students who are high in test anxiety suggest that they benefited 

significantly from the intervention. The control group’s self-efficacy in test taking reduced 

when measured at post-test with the Little Self-efficacy in Test Taking scale. This result may 
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reflect the nature of students who are high in test anxiety in being critical of themselves after 

an exam (e.g., Zeidner, 2014).  

For teachers and educators, in every class there will be between 10-20% of students 

who are test anxious (Putwain & Daly, 2014). Putwain et al. (2020) and von der Embse et al. 

(2021) have developed, and cross validated a new scale with which to measure test anxiety 

for slightly older students. The aim is to identify these students to afford them the correct 

access arrangements that they need for exams such as extra time. In addition, Ofqual (Office 

of qualifications and exam regulations) published a recent report (Howard, 2020) 

acknowledging the problem of students who are high in test anxiety and discussing possible 

interventions. Writing about tests as a strategy to manage test anxiety is referred to as the 

report cites Ramirez and Beilock (2011). The Multidimensional Test Anxiety Scale (Putwain 

et al., 2020; von der Embse et al., 2021) and the Ofqual report are centred around the 

G.C.S.E. (General Certificate in Education) aged students (15-to16-year-olds) and Putwain 

(2020, p.6) states there is a “pressing need” for an intervention with the Year 6 age-group 

(10-to11-year-olds). This research contributes to closing that gap.  

Test anxiety is difficult to measure (e.g., Schutz, 2014). Students who have more A 

trait anxiety are more likely to develop A state anxiety (Spielberger & Vagg, 1995) and this 

anxiety can be assessed and allowed for in access arrangements for exams. This study uses 

questionnaires for this age-group that can identify a student who is high in cognitive test 

anxiety and potentially allow for access arrangements to be made accordingly. However, 

there will be some students who don’t have trait anxiety (Spielberger & Vagg, 1995) but who 

do suffer with state test anxiety and delivering an intervention in a universal fashion is one 

way of providing a coping strategy for students who may experience state test anxiety as well 

as helping students whose trait anxiety is exacerbated in evaluative contexts. The discussion 

for the main research questions is now concluded.  

9.5 The Additional Research Questions. 

Two questions arose as I studied. These are Research Questions 4 and 5. Research 

Question 4 asked if there was a significant difference between the groups in the intervention 

group where I, as a researcher delivered the intervention compared to similar groups where a 

class teacher delivered the intervention. Research Question 5 was called the Covid SARS 

COV 2 Question and asked if there was a difference in feelings of test anxiety between 

students who sit high stakes’ paper tests or online tests?  
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9.5.1 Interpretation of results 

The results in Research Question 4 showed that there was not a significant difference 

in the reduction of test anxiety to students between the interventions which I led as a teacher / 

researcher and the interventions that other teachers led. This result in testing the fidelity of 

the intervention suggests that the intervention delivered by me did not alter significantly to 

the intervention when delivered by other teachers. The samples for comparison were selected 

carefully to mirror my groups. This result supports Yang, Luo et al. (2021) who suggest that 

consistency of instructor between control and intervention groups did not significantly affect 

the effect of the testing effect.  

Research Question 5 arose because of the pandemic that meant that the last part of the 

data collection for the control group took place online. The pre and post-test questionnaires 

were administered before and after a high stakes’ online Math test. The results of this 

question showed that there was not a significant difference in the reduction of test anxiety 

between the students who took tests online and students who took tests on paper.  

As the pandemic closed schools down in March 2020, I was waiting for one last set of 

pre-test and post-test Children’s Test Anxiety Scale and Self-efficacy in Test Taking 

questionnaires that were being administered pre and post SATS (Standard Attainment Tests). 

I wasn’t sure what to do when schools closed but, as a headteacher, I was busy moving a 

school to an online provision, so my priorities were with that process.  

Fortunately, a teacher who had read my article (Barsham & Ellefson, 2020) got in 

touch with me as she was very interested in the intervention. She agreed to complete the 

questionnaires with her Year 6 students pre-test and post-test a high stakes’ Math test that the 

students were taking online. The online exam was taking the place of the SATS (Standard 

Attainment Tests) exam.  

9.5.2 Limitations  

The nature of real-world research conducted in classrooms means that not all 

variables can be controlled for. The exact timing of the post-tests will differ depending upon 

when students finished sitting high stakes’ tests and any day to day, school to school, child to 

child variables can come into play (see Chapter 10).  

A possible limitation for Research Question 5 is that the students may not have 

considered the online test as higher stakes as a real SATs (Standard Assessment tests) exam. 

There may be a difference in taking a high stakes’ test from a computer at home in 
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comparison to sitting in an exam hall and this may have affected their response values in the 

questionnaires. I did have the opportunity to ask the students if they had treated the online 

tests as seriously as a SATs test. Out of 28 responses, 15 students said ‘maybe’, six students 

said ‘no’ and seven students said ‘yes’.  

9.5.3 Implications  

The implications of the results from Research Question 4 suggest that the intervention 

can be delivered by any teacher. Chapter 10 includes a reflection about the intervention in 

this study. 

For Research Question 5, one possible implication is that the student responses about 

test anxiety and self-efficacy in test taking were influenced by the recent cancellation of high 

stakes’ tests and replacement with mock, online, at home, high stakes tests. However, the 

independent t test suggests that this group’s scores did not differ significantly to a similar 

group that were taking actual high stakes’ tests. 

9.6 Conclusion  

The results suggest that the intervention may increase self-efficacy in test taking and 

reduce the worry element of test anxiety for 10–11-year-olds especially for students who are 

high in test anxiety. However, because self-efficacy increased for both the intervention and 

control group and worry reduced for the intervention and the control group, the results 

suggest that students in primary classrooms may generally be feeling more confident about 

taking tests. However, when measured with the Little Self-efficacy in Test Taking subscale, 

self-efficacy in test taking increased significantly for the intervention group and reduced for 

the control group. This result may be attributed to how students, especially students who are 

high in test anxiety respond to the negative wording of this subscale. 

This study has used three theories: cognitive theory of the testing effect, test anxiety 

theory and self-efficacy theory to see if teaching students about the testing effect can reduce 

the worry or cognitive element of test anxiety. Direct instruction in the testing effect for this 

purpose has not been used before but empirical evidence suggests that retrieval practice can 

reduce test anxiety for this age-group (Agarwal et al., 2014)  

The pre-test and post-test questionnaires probably enhance and hinder this 

experiment. It is difficult to know if the questionnaires have been completed accurately and I 

couldn’t control for the timing of post-test responses and they may not represent true values 
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depending upon when they were taken and the individuals. However, questionnaires are easy 

to administer and may have been an appropriate measure. 

In sum and on a positive note, worry reduced significantly for students who are high 

in test anxiety as a result of the intervention. Furthermore, the ‘Letters to Bob’ are 

testimonies of the students learning to learn and may suggest that this is a good age to 

intervene with teaching students how to learn. Negatively, the results do not suggest that the 

intervention caused a reduction in cognitive test anxiety for the intervention group only and 

there may be many variables that are unaccounted for.  

Using retrieval practice to learn aspects of cognitive theory may provide a coping 

mechanism by creating self-efficacious thoughts to manage test anxiety. I do not think that 

the testing effect has been used in this way, to support the pastoral care of students in 

education before.  

The main contributions to the fields of cognitive science and education as a result of 

my study are: Firstly, I have provided an overarching concept that uses the cognitive theory 

of the testing effect to teach the testing effect to increase self-efficacy in test taking to reduce 

test anxiety in 10-to 11-year-olds. This concept uses retrieval practice as a pastoral support 

mechanism for test anxiety. In addition, I have designed a new intervention that is aimed at 

the self-knowledge beliefs strand of the S-REF (Self-referent executive function) model of 

test anxiety (Zeidner & Matthews, 2005) using cognitive theory of the testing effect that can 

be delivered in a classroom and is described as a ‘pressing need’ by Putwain. (Putwain, 

2020). Furthermore, I have created two new measures: The Adapted Thoughts’ subscale and 

the Self-efficacy in Test Taking Instrument and tested these measures for measurement 

invariance or partial measurement invariance which held for all subscales across timepoint, 

group and gender for 10-to 11-year-olds. The new measures need to be cross validated on a 

further sample.  

Putwain (2020) refers to the need to raise the awareness of policy makers, school 

leaders, and school staff responsible for the pastoral care and well-being of students to the 

possibility of using test anxiety interventions. This study contributes an intervention aimed at 

the primary age-group, Year 6 to help them with all of the high stakes’ tests that they have to 

sit and measures to identify cognitive test anxiety and self-efficacy in test taking for this age-

group (Barsham & Ellefson, 2020). 
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10 Reflections and Conclusions 

Ellefson et al. (2019) discuss the lessons that they have learned as psychologists in 

working with educators in schools. They mention the way that teachers work in trying 

something out and modifying it as they teach as being different to how psychologists conduct 

their experiments. The difference between good teaching and good science. As an educator 

and researcher, I have tried to achieve a similar type of difficult balance in this study. I have 

tried to design an intervention to allow for a flexible delivery (it was simple worksheets and 

discussion based over six weeks) and a robust measure to gauge the impact.  

As an EdD student who is studying cognitive science and who has a long standing 

career in education, I have a foot in both of these camps and take this closing chapter as an 

opportunity to think out loud, to explore ideas and make recommendations to educators and 

to policy makers and for reform, in a way that does not support the adoption of faddish 

initiatives before the science is thoroughly examined (Ellefson et al., 2019) but as a result of 

the combination of my study and experience.  

The caveat is that further studies are needed before final conclusions can be drawn 

and the new measures should be cross validated on another sample but some ideas for future 

researchers and educators and policy makers are presented here that are dedicated to 

improving outcomes for students who are anxious about exams.  

10.1 Reflections About the Intervention 

In Chapter 3, I refer to aspects of design-based experiments that I hoped to fulfil in 

my study of which the intervention is a key component of the design. I repeat them here and 

remind the reader that they are not exhaustive of ideas about design-based experiments, but 

they provide a good starting point for the evaluation of the intervention in my study. 
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Table 10.1  

Evaluation of the Design of the Study / Intervention 

Design-based Criteria This Study 

• Research was situated in a real 
educational context, the messy setting of 
primary classrooms (McKenney & 
Reeves, 2013) 

• Yes, in primary classrooms, in different 
schools.  

• The study includes the design and testing 
of an intervention to address a problem in 
practice, a real-world intervention 
(McKenney & Reeves, 2013) 

• Yes, the problem is test anxiety.  
• The intervention is designed to increase self-

efficacy in test taking and reduce the worry 
element of cognitive test anxiety.  

• The intervention could be easily 
administered in any classroom by any 
adult (Ann Brown, 1992) 

• I think so but I may be subject to confirmation 
bias.  

• I should have asked this specific question to 
teachers.  

• There is an empirical investigation 
yielding theoretical understanding, theory 
building and practical applications that 
can inform the work of others (McKenney 
& Reeves, 2013) 

• The research questions were answered 
empirically and add to test anxiety theory, the 
testing effect and self-efficacy theory.  

• The results add to the theory of test anxiety by 
using the testing effect to increase students’ 
self-efficacy in test taking to reduce test taking 
worry and may add to schools’ pastoral 
curricula.  

• The new measures and the intervention are 
practical applications that can inform the work 
of others. 

• Cohen et al. (2017) - the pedagogical goal 
to be investigated. 

• Can retrieval practice of the testing effect 
improve self-efficacy in test taking? 

• Data collection uses multiple methods 
and is iterative and that the intervention is 
adapted to appeal to all stakeholders. 
Cobb et al. (2003)  

• No, mainly quantitative data.  
• The pilot used teacher consultation about the 

intervention, and I trialled both questionnaires.  
• Consultation with Year 4 and Year 6 teachers 

about the pilot resulted in a few tweaks to 
Week 2 worksheets.  

• Feedback from teachers and students 
(Appendix, D) is valuable for future iterations. 

• Cobb et al. (2003, p.9) refer to the 
“learning ecology” of a design 
experiment and the “crucibles for the 
generation and testing of theory”.  

 

• I tried to design an intervention that could be 
delivered easily in the complex settings of 
classrooms that was purposeful in terms of 
teaching the testing effect and with provision 
for discussion. I provided the resources for 
teachers. 

Note. The design experiment in educational research criteria listed here is not exhaustive of its field.  
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Lendrum and Humphrey (2012) discuss the importance of studying the 

implementations of intervention and encourage the reader to move away from the idea of 

implementation failure to be critically evaluative, to ensure we learn from our mistakes. I 

have tried to be critically evaluative in this section. 

As a teacher and then as a researcher within the post-positivist paradigm, I am very 

aware of the problems of delivering a classroom intervention and that is why the design of 

this intervention was simple: pre and post-test questionnaires, worksheets that could be 

handed out, the option for the pupils to complete them or just to read them ready for a 

discussion and importantly no requirement for assessment by teachers. I tried to minimize 

teacher workload by keeping the intervention discussion based but the teachers did need to 

read the resources and understand the content. It is my opinion that the intervention was easy 

to deliver, and teachers may have felt differently about the administration of the intervention. 

As a teacher, I am very aware of time constraints and the changing nature of the 

school day. Staff absences, cover work and last-minute play rehearsals are just a few 

examples of the variables in a school context. Spontaneity of education is a key aspect of 

primary schools as learning opportunities are seized as they arise such as a snow falling or a 

wasp arriving in the classroom. These happenings (and many more) can affect the delivery of 

an intervention. 

10.1.1 What Went Well 

I have used a favourite, summative and formative classroom assessment technique to 

evaluate the intervention: what went well, even better if, and next steps.  

The idea of using a semi-narrative to convey cognitive theory, featuring cognitive 

scientists as characters in a learning story, so that students can learn how to learn, is 

innovative and the majority of students understood the testing effect. (see Appendix D) 

 There was very little missing data on the questionnaires themselves and most parents 

were happy for their children to take part. One school in the control group had some parents 

who did not wish their children to complete the questionnaires. I provided the template of the 

letter to parents, to obtain informed consent, to the schools and also an accompanying flyer 

and the message that I was available if any parent would like further information. Schools 

then used their administration teams to send out the opt in permission letter and collated 

responses through parent emails. I was in communication with the headteacher or teacher 
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from the schools and they confirmed with me when they had received permissions. I was in 

regular communication with the schools throughout the processes by email and phone calls. 

Schools were given the option of being an intervention school or a control school 

where just the questionnaires were completed, and this latter option suited some schools. 

Through conversations and regular communication, schools knew that they had the option of 

delivering the intervention, the following year.  

In addition, I provided a comprehensive manual for the delivery of the intervention 

(see Appendix B). headteacher permissions were sought and gained and where I was the 

headteacher, I had the approval of my line manager. I offered further training, power points 

and overviews of the research to any school who wanted to complete the intervention at the 

outset as an addition to the teachers’ manual.  

I was contacted by a teacher who read my article in the IMPACT journal (Barsham & 

Ellefson, 2020) because she was interested in delivering the intervention to her students.  

10.1.2 Even Better If 

I should have asked the students and teachers if they liked the semi-narrative structure 

of the intervention. The teachers’ questions ask for their opinions about the intervention, but I 

could have been more specific in my questions about the implementation of the intervention. 

Two schools, who had committed to delivering the intervention had not been able to 

send out the permission letters when I checked, due to heavy workloads. This outcome meant 

that I had to recruit more schools the following year and my data collection was stalled for a 

year because it needs to be delivered at specific times of the academic year relating to high 

stakes’ tests. In addition, there were three Self-efficacy in Test Taking questionnaires that 

were missing and one Children’s Test Anxiety Scale questionnaire that I couldn’t use.  

Some teachers were experiencing intense workloads because of the preparation for 

exams and their responses to the teacher questions and their notes from the students are brief. 

Some teachers were not able to complete all six weeks of the intervention (see Appendix D) 

Teacher ‘buy in’ to the delivery of the intervention was varied and perhaps I could 

have taken a more democratic approach consulting different schools about the design of the 

intervention (Ellefson et al., 2019). However, time was limited because I was in the post of 

headteacher in school. I had already committed to visiting the schools in person and / or with 

Zoom© calls and could not ask my employers for more time during the school day or expect 

volunteering schools to remain after school hours to see me. I did manage to visit the schools 
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or used Zoom© calls to speak to the headteachers and teachers for all the schools who took 

part in the intervention. I was able to pilot the intervention and received feedback from a 

Year 6 teacher (the class form teacher) and a Year 4 teacher who suggested making some 

changes to the Week 2 worksheet. 

Lendrum and Humphrey (2012) refer to OFSTED (Office for Standards in Education, 

Children's Services and Skills, 2010) and the problem of initiative overload. If a teacher feels 

that this intervention is simply another initiative to complete, then the ‘buy in’ may not be 

there. It became apparent once I received the teacher feedback that two schools were 

delivering a teaching and learning initiative that was embedded into their Year 6 curriculum. 

It is possible that my intervention contributed towards a feeling of initiative overload. The 

question of additional intervention was one that I did not ask at the outset but should have 

done.  

Lendrum and Humphrey (2012, p.636) suggest that most successful interventions 

work from a bottom-up approach and not a top down one. Most of the schools in the 

intervention group were situated in the bottom-up position as I worked with the teacher, or 

was the teacher, who was delivering the intervention. However, for two schools, I had met 

with the headteacher who agreed to deliver the intervention and then intervention was 

delegated. It is possible that the teacher delivering the intervention felt that this request was a 

top-down approach.  

Scammacca et al. (2007) refer to researcher led interventions having significantly 

larger effect sizes than teacher led interventions. Research Question 4 is a comparison of two 

similar schools and similar sample sizes between me, as a researcher, and another teacher and 

the results suggest that there was no significant difference. This result may suggest that the 

intervention can be delivered by a teacher who is not a researcher. 

In terms of the duration of the intervention, Willingham (2006, 2012) discusses how 

the length of an educational intervention can affect the effectiveness. This intervention was 

designed to be delivered over six weeks and consists of a 15-to-20-minute recall through 

discussion about knowledge gained. It was designed to be easily administered and the 

feedback suggests that the letter writing activities and video were enjoyed by the students, but 

the Week 2 worksheet was difficult to explain. The duration for optimal recall is suggested 

(e.g., Roediger & Karpicke, 2011) to be two days and upon reflection, the intervention could 

be shortened. I opted for weekly sessions because most timetabling in schools happens 
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weekly and also, I did not want to be over prescriptive. Time is precious in schools and often 

scarce, so a weekly option gives more flexibility. I should have included in my questions to 

teachers an option for commenting on the duration of the intervention. 

10.1.3 Next Steps 

If I were to run the intervention again, I would make a video and ask some students to 

talk about the testing effect as I think teachers and students would respond to hearing about 

the intervention from the students themselves.  

I would alter the worksheet for Week 2 and differentiate the desirable difficulties. 

Some students struggled to understand spacing and interleaving but most understood the 

testing effect, so the spacing and interleaving content needs to be offered as an addition here.  

To hear the pupil voice, I created the questions to students about the intervention but 

asked the teacher to collate notes from student responses. I did not want to ask the students to 

complete another paper questionnaire. I would like to ask students how they feel about this 

feedback opportunity and if they have any ideas of a better way to gather their important 

opinions after the intervention and high stakes’ tests. 

In addition, I would ask teachers to be specific about when they delivered the post-

tests. I know, through conversations that most post-tests happened soon after the students had 

finished all of their tests and these timings did vary from school to school but I could improve 

the feedback by asking for the date of the last test and the date the post-test was given.  

Test anxiety is difficult to measure because one cannot ask questions just before or 

during a test as it may affect performance (e.g., Schutz et al., 2014). Post-test responses may 

reflect debrief feelings of relief. If high stakes’ test were to go online, then aspects of 

machine-based learning may be able to capture test anxiety responses more accurately (e.g., 

D’Mello et al., 2014). However, if the measure becomes too complex, it may not be as easy 

to administer in a school.  

10.2 General Reflections About the Feedback, Results and Study 

The feedback (see Appendix D) may make a non-scientific contribution about 

judgements of learning (Agarwal et al., 2008; Bjork et al., 2013; Bjork & Bjork, 2019). Bjork 

and Bjork (2019) suggest that even when students are told that blocking or massed practice is 

not the most optimal way of learning, the students struggle to believe that the testing effect is 

more effective. The majority of students involved in this study did understand the benefits of 

the testing effect. It may be that teaching the testing effect to a younger age-group is more 
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effective than teaching it to older students. As I have not measured judgements of learning, 

this comment is not a scientific statement, but an opinion based on the feedback from 

students that I taught and from the general feedback. Most of the literature about judgements 

of learning is with older students and mainly college aged students. However, Lipowski et al., 

(2013) suggest third grade students (U.S., 8-to 9- year-olds) understood the testing effect.  

The two concepts of retrieval practice and judgements of learning are linked as 

students need to know why they are using a specific strategy and need to know how it works 

(e.g., Pekrun, 2006); the intervention in this study gives the ‘why’. The feedback from 

students and teachers (see Appendix D) suggests that students understood the benefits of the 

testing effect and some examples of ‘Letters to Bob’ are, in my opinion, good examples of 

students’ knowledge about their learning. Students who are high in control are those that can 

understand why their strategy resulted in success (Martin, 2002, 2007; Putwain, 2018) 

The results from the control group for both data sets suggest that students may feel 

confident about taking tests and this result could reflect a change in classroom practice 

illustrated recently through the incorporation of desirable difficulties into the U.K. Initial 

Teacher Training Core Framework (2020) and potentially other resilience building strategies 

in schools such as Growth Mindset initiatives (Dweck, 2008). It is possible that these whole 

school initiatives do work in increasing academic buoyancy (Martin & Marsh, 2008) and 

resilience (Putwain, Nicholson et al., 2013) for the majority of the students but that they may 

not be specific enough to target debilitative test anxiety that affects between 10-20% of a 

school population. The results of this study suggest that a specific test anxiety intervention 

using the cognitive theory of the testing effect significantly reduced test anxiety for students 

who are high in test anxiety. 

Learning how to learn and in this study, learning about the testing effect is a way of 

supporting students’ confidence. High stakes’ tests continue to be on the educational horizon 

and test anxiety continues to be a real problem for some students, approximately 10-20% 

(Putwain & Daly, 2014) and potentially more so in the aftermath of the pandemic and its 

effects on the mental health of students of all ages.  

Putwain et al. (2020) in their recent paper about students’ emotional responses to the 

cancelled high stakes’ tests in 2020 include student comments about how much pressure they 

feel from parents and teachers about exams. This paper highlights the need for effective 

interventions and teacher and parent training in awareness of these issues.  
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In addition, the recent publication by Ofqual (Howard, 2020) that reviews the 

literature about anxiety for educational assessments suggests that the issue of test anxiety as 

being debilitative is being acknowledged at governmental level. However, not enough 

research has been done to see how using desirable difficulties and specifically the testing 

effect, can be used to better manage test anxiety. One exception is Agarwal et al. (2014) 

whose study focused on middle school and high school students and the impact of retrieval 

practice on test anxiety. Smith et al. (2016) discuss the positive results of retrieval practice in 

reducing stress, but the participants are college aged students in this study.  

There is no mention of using desirable difficulties to manage test anxiety in the 

Ofqual publication (Howard, 2020). There is reference to using writing strategies to manage 

test anxiety as the publication cites Ramirez & Beilock (2011). Writing is a key aspect of the 

intervention in this study. 

This study is innovative in its use of cognitive theory, the testing effect to increase 

self-efficacy in test taking, increasing confidence, and reducing worry. This study is 

innovative in that it is about a test anxiety intervention with the upper primary age-group and 

does not use retrieval practice for academic recall but for teaching students a strategy to help 

manage test anxiety. The intervention may need some adaptations in the light of its review in 

this thesis and through the viva process but the idea of teaching students about the testing 

effect to make them feel more self-efficacious may be a good one. It gives students the ‘why’ 

as to why they should learn to use the testing effect.  

10.3 Recommendations – General, Policy, Reform? 

Changes are needed to manage test anxiety. These should include core curriculum 

change. Changes to the U.K. Initial Teacher Training Framework (2020) to include aspects of 

desirable difficulties (Bjork, 1975) is an important step but teaching students, as well as 

training teachers, about the testing effect and desirable difficulties is important. In addition, 

using the testing effect and desirable difficulties not just for subject content teaching and 

learning but in ways that boost self-efficacy by making links to why aspects of learning are 

what they are, as exemplified in the intervention in my study, means that these important 

learning strategies can be used to support a pastoral curriculum as well as an academic one. 

Secondly, the use of increased interventions that use writing about tests, especially for 

10-to 11-year-olds are, in my opinion as a teacher and researcher, manageable and effective 

strategies for schools to adopt. 
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Thirdly, teacher, parent and peer training in the use of fear appeals or indeed, the 

opposite of fear appeals such as using reassurances like ‘your testing routes are well-oiled’ 

are needed. The fear appeals research (e.g., Putwain et al., 2016, 2016; Putwain & Best, 

2011) shows that fear appeals can work in motivating some students to do well. It is about 

gauging their effect at an individual level and not using it as a blanket resource in a classroom 

because for students who are high in test anxiety, fear appeals can increase feelings of test 

anxiety (Putwain et al., 2016). Alternatively, changes to how students are tested could be 

considered and implemented so that students can control tests more and thereby reduce trait 

and state test anxiety (Zeidner, 1998).  

10.3.1 Writing About Test Anxiety  

The idea of writing down feelings and worries ahead of exams (e.g., Lang & Lang, 

2010; Mckeachie, 1951; Ramirez & Beilock, 2011) may be a workable strategy to alleviate 

test anxiety. The letter to Bob Bjork recalling the benefits of learning about the testing effect 

and the task of writing to a friend to give advice about test anxiety were activities in the 

intervention that the students and teachers felt benefited them and enjoyed (see Appendix D). 

The narrative structure of the intervention was a deliberate choice as I felt this model would 

be a medium that students of this age would resonate with. In addition, writing to a friend 

was a deliberate choice as, as a classroom teacher, I know how keen students are to help and 

to advise their friends. 

Small acts of writing could strengthen the resilience of students who have to take high 

stakes’ tests in the near future. (e,g., Kliewer et al., 2011; Lepore & Smyth, 2002; Lepore et 

al., 2002). A counter theory to this one is found in Fivush et al. (2007) whose study with 9-to 

13-year-olds suggests that writing about negative emotions may be detrimental to some 

students. However, the feedback from students and teachers in this study suggest that, in 

general, the writing activities were enjoyed by the students. My own experience was that the 

students were excited to write a letter to Bob in California “Will you really send them Mrs. 

Barsham?” and also the students felt enabled from the intervention to write advice to a friend.  
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10.3.2 Training About Fear Appeals 

Putwain’s call for attributional training for teachers (Putwain & Aveyard, 2018) is, in 

my opinion, a sensible suggestion so that teachers have the training to support students’ 

successes and failures. Schutz et al. (2014) suggest the impact of teachers upon test anxiety is 

an important area for investigation. The role of a teacher in shaping attribution is explored in 

Hattie and Timperley (2007). Easily accessible training programmes for teachers should be 

available so that an awareness created about what fear appeals can do to students (and how to 

gauge their use) and the opposite, such as how to use test anxiety interventions and the 

cognitive theory of the testing effect to improve self-efficacy in test taking.  

Given the recent loss of education for many students due to the pandemic, the use of 

fear appeals may become more intense as teachers struggle to get classes across the 

assessment line. For year groups that have potentially missed huge chunks of curriculum with 

high stakes’ tests hovering on the horizon, the pressure and stress may be evident for all. The 

intervention in this study can be delivered by a classroom teacher and could help students, 

especially students who are high in test anxiety to believe in their test taking skills.  

Test anxiety interventions may improve student well-being (e.g., Weems et al., 2015; 

Putwain et al., 2021; Steinmeyr et al., 2016) and there is a “pressing need” (Putwain, 2020) 

for a test anxiety intervention for students in Year 6. There should be an increased use of test 

anxiety interventions and an increase in training for teachers so that they can understand and 

manage students’ test anxiety effectively.  

10.3.3 Proposal for Curricula Reform  

Retrieval practice seems to facilitate learning for students who have low working 

memory capacity (Agarwal & Finley, 2017) and test anxiety (Agarwal et al., 2014). It is now 

considered such an important aspect of learning science that it is included in the Initial 

Teacher Training Core Content Framework (2020). 

Using retrieval practice in a pastoral capacity to give a strategy for managing test 

anxiety has not been done before and could be included onto P.H.S.E. (Personal, Health, 

Social and Economic) or other pastoral curricula. In addition, an academic curriculum or an 

extra-curricular programme that is designed to teach students how to learn and how to judge 

their learning accurately is likely to improve student outcomes.  

I suggest in 2.1.3 that teaching students, key aspects about how learning works is 

integral to developing learning and improving outcomes for students. This suggestion came 
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from the research that discusses judgements of learning (e.g., Bjork et al., 2013) and students’ 

inability to judge what they know. I suggest teaching students about memory and biases such 

as foresight bias and hindsight bias. In my opinion, if these learning how to learn (Bjork, 

2014) techniques were embedded in curricula then this provision would reduce the need for 

test anxiety and maybe other types of intervention. The metaphor that springs to mind is of 

treating the root cause rather than the symptoms. What better education could we give than 

teaching students how to learn?  

There is a need to develop training for teachers (and parents) and curricula for 

students that build upon the recent additions of desirable difficulties to the U.K. Initial 

Teacher Training framework (2020) and teach more about how memory works and the 

different learning biases of foresight and hindsight bias. There is a need to create an age 

relative, year upon year learning skills incremental curriculum using desirable difficulties. 

The following is a simple suggestion and would need much more refinement but provides a 

basic idea: Year 5/6, the testing effect, and an introduction to some Desirable Difficulties; 

Year 7-9, the testing effect, interleaving, spacing, moving rooms and elaboration; Year 10, 

the testing effect, retrieval fluency and biases; Year 11, the testing effect, retrieval fluency 

and biases; Year 12, Desirable Difficulties, New Theory of Disuse, Retrieval Induced 

Forgetting and Year 13 as per Year 12. This idea could be continued and added to in Higher 

Education too.  

The recent paper by Ofqual (Howard, 2020) is an overview of the effects of test 

anxiety. Whilst ‘academic skill building’ is mentioned as an intervention for test anxiety, the 

use of desirable difficulties (to treat the root of the problems rather than the symptoms) are 

not mentioned and is potentially a valuable missing link.  

This study is unique in that it uses the desirable difficulty of the testing effect to 

create test taking self-efficacy to explain the academic benefits of retrieval practice and 

thereby create a pastoral support system. I am suggesting that retrieval practice should not be 

limited to subject content but should incorporate rehearsal, retrieval and recall of confidence 

building, learning strategies that can be easily recalled to create self-efficacy in a given 

situation. ‘Your testing routes are well-oiled’.  

In sum, I suggest a curriculum or extra- curriculum that teaches desirable difficulties 

and a pastoral curriculum that uses the testing effect to manage test taking anxiety and 

potentially contributes towards student well-being as well. 
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10.4 Future Directions 

Because of the scarce amount of literature about test anxiety and retrieval practice and 

the almost non-existent (Barsham & Ellefson, 2020) literature for students who are high in 

test anxiety for 10-to 11-year-olds, the ideas for future studies are extensive and take the form 

of a list here: Future studies should cross-validate the new measures from this study with 

other samples of Year 6 students; future studies could explore the link between self-efficacy 

in test taking and well-being for this age-group;  future studies should examine if upper 

primary is an optimal age for learning about the testing effect in comparison to younger or 

older year groups and if 10-to11-year-olds can make accurate judgements of learning; future 

studies should examine the effect of writing about worries and / or positive written messages 

on social media on test anxiety for 10-to 11-year-olds; future studies should include a 

longitudinal aspect to see for how long students remember “study, test, test, test” (Roediger 

& Karpicke, 2006b) as a test taking strategy; future studies should acknowledge the changing 

landscapes in education and in children and explore thoroughly the nature of the test anxiety 

construct at the time of measuring it (and create appropriate measures) and explore further 

the possible differences of test anxiety and paper and online tests; further studies should 

investigate the outcomes for pupils of attributional training of teachers and reductions in fear 

appeals and the replacing of negative language with positive ‘your testing routes are well 

oiled’. Furthermore, research into how students who are high in test anxiety respond to 

wordings on questionnaires would be useful.  

In addition, Imundo et al. (2020) discuss research about the effectiveness of recall of 

knowledge in different rooms. Future studies should examine if students, who have the 

opportunity to revise / recall information for exams in the exam room itself are less anxious. 

It may be that this process would act as a type of desensitisation programme. I would very 

much like to carry out this research as I regularly encourage my students to practise recalling 

their knowledge in the exam room. 

Finally, because test anxiety is a very difficult construct to measure and relies heavily 

on self-report questionnaires, future studies should consider different approaches to 

measuring the test anxiety construct such as complementary, qualitative data collection or 

within person analyses (Murayama et al., 2017) 
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10.5 Conclusion About the Intervention and Final Reflections 

It is difficult to compare this study to another because there is not one like it. 

However, the intervention may have provided a type of exercise that does not teach academic 

content but does target a student’s belief and may have an effect on educational achievement. 

(Yeager & Walton, 2011). In the case of my study, achievement would be increased feelings 

about self-efficacy in test taking because of knowing how the testing effect works. My 

intervention may be similar to the type of social psychological intervention in Blackwell, 

Trzesniewski and Dweck (2007) who found that middle school students that attended an 

eight-session workshop that taught them that the brain is like a muscle and grows with effort 

benefited from a sharp increase in math achievement for the rest of the school year. Yeager 

and Walton (2011, p. 293) caution the reader about attributing magical qualities to these 

social psychological interventions and suggest they are dependent upon “capacities, meaning 

and recursive processes” but they do recognize that long lasting gains are achieved, and 

psychological interventions have a demonstrated potential to address fundamental problems. 

By combining aspects of the three fields of cognitive science, test anxiety and self-

efficacy, I designed an intervention to increase feelings of self-efficacy in test taking to 

alleviate test anxiety in 10-to11-year-olds. The intervention may be the missing piece of the 

jigsaw puzzle (feedback to me from a colleague) because explaining why the testing effect 

works, so that students can make the link to why they are being tested (recall aids future 

recall) in turn increases self-efficacy in test taking.  

The intervention can be delivered by a classroom teacher and might be seamlessly 

integrated into school routines (Weems et al., 2015). The intervention may contribute to 

Weems et al. (2015) call for interventions that help students improve testing success and 

improve self-efficacy. Moreover, the intervention in this study may fulfil the “pressing need” 

for a Year 6 intervention for test anxiety (Putwain, 2020, p.6). 

Test anxiety interventions are needed to manage test anxiety in schools and especially 

for the 10-20% of students who are categorized as high in test anxiety and for Year 6 (e.g., 

Putwain, 2020) However, test anxiety interventions need to be used in conjunction with 

bigger changes in education. Pastoral curricula should include learning about the testing 

effect for students who must sit high stakes’ exams to give them a strategy for managing 

these tests. As a headteacher and researcher, I will encourage my students to practise study, 
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test, test, test and ensure that they can understand why this process benefits their learning and 

test taking skills.  

Bjork & Bjork (2020) conclude a recent review of desirable difficulties in theory and 

practice by suggesting that their estimation of the potential to improve teaching and self-

regulated learning by using desirable difficulties in the classroom has increased but that there 

are challenges. In the U.K. the inclusion of retrieval practice into the Initial Teacher Training 

Core Framework (2020) is a step in the right direction but teaching about desirable 

difficulties should be explicit and extended to the students and not simply rest with teacher 

pedagogy.  

Finally, my view as a headteacher and researcher, is that the way forward in education 

is in teaching students about how memory and learning biases work, to give students the tools 

for learning for life. For so many years, schools have been defined by their strands of 

pastoral, academic and extracurricular provision. Staffing structures, websites, the school day 

and curricula are organised by these three core elements of education. I suggest it is time for 

an overarching ‘meta-curriculum’ in the form of teaching students how they learn to learn by 

teaching them about desirable difficulties to be adopted by schools to prepare students fully 

for the future.  
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Appendices 

Appendix A – Questionnaires  

 

Children’s Test Attitude Questionnaire (English Version)  

Please answer the questions using the following numbers: 

1= almost never 

2= some of the time 

3=most of the time                                                         Pupil initials---------- 

4=almost always                                                            Boy /girl  

 

1. While I am taking tests I wonder if I will pass-------- 

2. While I am taking tests my heart beats fast---------- 

3. While I am taking tests I look around the room-------- 

4. While I am taking tests I feel nervous------------ 

5. While I am taking tests I think I’m going to get a bad result--------- 

6. While I am taking tests it’s hard for me to remember the answers-------- 

7. While I am taking tests I play with my pen /pencil------------ 

8. While I am taking tests my face feels hot------------- 

9. While I am taking tests I worry about failing---------- 

10. While I am taking tests my belly feels funny----------- 

11. While I am taking tests I worry about doing something wrong----------- 

12. While I am taking tests I check the time----------- 

13. While I am taking tests I think about what my result will be----------- 

14. While I am taking tests I find it hard to sit still------------ 

15. While I am taking tests I wonder if my answers are right--------- 

16. While I am taking tests I think I should have studied more--------- 

17. While I am taking tests my head hurts----------- 

18. While I am taking tests I look at other people---------- 

19. While I am taking tests I think most of my answers are wrong------- 

20. While I am taking tests I feel warm-------- 

21. While I am taking tests I worry about how hard the test is----------- 

22. While I am taking tests I try to finish quickly---------- 

23.  While I am taking tests my hand shakes---------- 

24. While I am taking tests I think about what will happen if I fail---------- 

25. While I am taking tests I have to go to the bathroom---------- 

26.  While I am taking tests I tap my feet--------- 

27. While I am taking tests I think about how badly I am doing------- 

28. While I am taking tests I feel scared------- 

29. While I am taking tests I worry about what my parents will say-------- 

30. While I am taking tests I stare--------- 
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Self-efficacy in Test Taking Questionnaire 

 

HCAY (How Confident Are You?)                     Pupil initials---- 

 

 

How Confident Are You?                                            Boy /girl 

 

1= “I never do this”. 

2= “I do this sometimes.” 

3= “I do this many times” 

4= “I always do this” 

 

1. If I find a test hard, I keep trying. 

2. If I find a test hard, I still feel confident in my ability to pass. 

3. If I did badly on a test, I still feel positive about other tests. 

4. If I find a test hard, I feel I will not pass. 

5. When I take tests, I feel anxious about being in a different room to my usual 

classroom. 

6. When I take tests, I feel anxious about the instructor. 

7. If I find a test hard, I can’t control negative thoughts about failing. 

8. If I find a test hard, I start to doubt my ability to pass. 

9. In tests, I panic if I see people finishing before me. 

10. I can concentrate in tests, even if I find them difficult. 

11. I enjoy taking tests. 

12. I can remain cheerful about life, even if a test is hard. 

13. I can manage in tests, even if I feel tired or unwell. 

14. I understand that even if I find a test difficult, it is not the end of the world. 

15. I don’t worry about taking tests. 

 

 

. 
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Appendix B 

Teacher’s Manual for the Intervention 

 
 
 

 

 INSTRUCT Research Group  
 Psychology and Education  
 Web:  
http://sites.google.com/site/instructlab/  
PI: Dr Michelle Ellefson  
Email:  
Phone: 01223 767684  
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Thank you for agreeing to help in this exciting research, which aims to improve pupils’ 

wellbeing. 

 

In 2017-2018, I conducted a pilot study with a very small sample and the results were 

statistically significant. It made me determined to help more pupils in testing situations. 

 

Your help will enable me to truly assess the impact of this intervention and to create an 

optimal intervention and to spread the word. 

 

The intervention is aimed at 10-to11- year- olds who have to take a high stakes’ exam, 

whether this assessment is a SATS exam or an entrance exam, 11+ etc. A weekly homework 

sheet (x6 weeks) followed by 15-20 minutes of class discussion (x6) is all it takes to help 

pupils to feel more self-efficacious in testing situations. 

 

The research is based on Bjork’s (1975) desirable difficulty of the testing effect and 

Bandura’s (1997) work on self-efficacy and test anxiety theory (e.g., Zeidner, 1998). I 

designed the worksheets by reading the relevant authors and papers and putting these key 

messages into Year 6 pupil friendly language and creating a narrative, in which the authors 

themselves are the characters.  

 

The rest, as they say, is history…. 
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1. Administer the Children’s Test Attitude Survey (marked pre-test) –takes about 
15 mins. This should be done approximately 6 weeks before the high stakes’ 
test to avoid any sense of priming. Collate questionnaires and hang on to 
them –put somewhere safe or email over -password protect.  

 

2. At the same time as the CTAS (Children’s Test Attitude Survey), administer 
the Self-efficacy Scale About Testing (How Confident Are You? HCAY) 
questionnaire (marked pre-test) –takes about 10 mins and keep somewhere 
safe or email password protect. 

 

3. Deliver the intervention worksheets / homeworks. 1 per week and the sheets 
are numbered 1-6. Allow enough time (15 minutes) to discuss each homework 
task generally in the next lesson. You don’t mark the work sheets but please 
take them in and keep them. In addition, it is assumed that as your pupils are 
approaching a high stakes’ test, you are using practice questions / tests in the 
classroom. You must make the link between what you are doing in class 
(practising tests) and the cognition of the testing effect. My phrase is ‘your 
testing routes are well oiled now’ in preparation for the tests. Ultimately, you 
are aiming for your pupils to feel self-efficacious (belief in their capability) at 
test taking.  

 

4. After the high stakes’ test, as soon as is physically possible, please administer 
the same two questionnaires (CTAS and HCAY) but they are marked post-
test. Please would you let me know how soon after you were able to 
administer the post-test questionnaires. 

 

5. As soon as possible after the high stakes’ test, ask the pupils the pupil 
questions and please take notes of the responses. 

 

6. Please complete the teacher questionnaire 
 

7. Please send by registered post to: Helen Barsham, XXXX XXXXX or email 
securely and provide a password.  

 

Checklist for inclusion: 

 

Pre-test CTAS completed questionnaires (with pupil initials) 

Pre-test self-efficacy questionnaires (with pupil initials) 

Post-test CTAS questionnaire (with pupil initials) 

Post-test self-efficacy questionnaire (with pupil initials) 

All cognitive worksheets – (if you wish) 
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Pupil responses to questions post-test  

Teacher questionnaire 

General points: 

 

All the data are anonymised in my analyses, but I need to be able to measure the effect of the 

intervention so please use pupil initials for pre and post CTAS and pre and post HCAY 

please).  

 

Thus, for each pupil you will collate 4 questionnaires: 2 pre-test (CTAS and self-efficacy) 

and 2 post-test (CTAS and self-efficacy) and all four will be for the same pupil with their 

initials on so that I can measure for each pupil both pre and post-test.  
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1. Have the children understood the testing effect? 
 

 

 

2. Do you think knowing about the testing effect has helped them in their tests? 
 

 

 

 

3. What is more powerful, knowing about the testing effect or practising tests or 
a combination of both? 

 

 

 

4. Which cognitive worksheets did you use?  
 

 

 

 

5. Which ones were the best? 
 

 

 

 

6. What did not work? 
 

 

 

 

7. Did the Carol Dweck TED video work? 
 

 

 

 

8. Does it belong in this intervention? 
 

 

 

9. Any further advice, thoughts or tips 
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Please would you record the responses –hand-written or typed notes are fine- thank you. 
 
(Taken from the original pilot on 24.1.18 and conducted in the classroom) 

 

 

Q1: How did you feel when you went into the test room? 

Q2: How did you feel after answering the first few questions? 

Q3: Were you able to use any of the strategies, we have been discussing? (wait for response)  

Did you feel better? More confident? -  

Q4: Did doing practice tests help? 

Q5: Did learning about cognition (the testing effect) help and why? 

Q6: Did you feel well prepared and why? 
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Cognition worksheet 1 (these x2 pages need to go as an A3 sheet) 

 

Retention = what the memory can remember for a long time  

Material = the topic being studied  

Free recall = what can you remember without being prompted 

 

 

 

Roddy and Jeffrey said ‘In two experiments, students studied prose (writing) passages and 

took one or three immediate free recall tests, without feedback, or they re-studied the prose 

material the same number of times as the students who received the tests. Students then took 

a final retention test at either 5 min, 2 days, or 1 week later. When the final test was given 

after 5 min, repeated studying improved recall compared to repeated testing. However, on the 

delayed tests, the earlier testing had produced greater retention than studying, even though 

repeated studying increased students’ confidence in their ability to remember the material. 

Testing is a powerful means of improving learning, not just assessing it.’ 

 

What worked better? Studying or testing? Give reasons for your answer. 

 

 

 

 

Do you like tests?  

 

 

 

Roddy and Jeffrey also said:  

 

‘Practising the skills during learning that are needed for retrieval (testing) improves retention 

on memory tests. Although restudying the passages gives students all of the information 

again, testing allowed the students to practise the skill that they need for future tests and 

improved performance after a delay. 

 

Henry Roediger (Roddy to his friends) and Jeffrey Karpicke wrote many papers 

about cognition. 

 

What do you think the following title really means? 

 

‘Test Enhanced Learning – Taking Memory Tests Improves Long Term Retention’ 
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Finally  

 

‘Students may prefer repeated studying because it produces short-term benefits, and students 

often learn ineffective learning strategies because they base their predictions of future 

performance on what produces rapid short gains. Although students in the repeated study 

conditions predicted they would perform very well a week later (compared to the other 

students who were just being tested) - they actually performed the worst.  

 

 

  

Can you summarise this in your own words? 

 

 

 

 

Is this something you would like to do? 

 

 

 

 

How might this help you? 

 

What do you think to Roddy and Jeffrey saying this? 

Your final thoughts please – what have you learned?  
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Cognition worksheet 2: (these x2 pages photocopy onto A3) 

 
New information coming…Interleaving = mixing up two or more topics when you study, 

so study a bit of Math and then some Geography - just mixing up what you do – not doing 

one subject all at once.  

 

New information coming…Spacing = If you interleave, you will naturally space. So, 

imagine learning 20 French words then move onto your History revision. Hopefully you will 

forget some of the French words because letting the memory forget is a good thing. It means 

you need to make an effort to remember, and the information will stay in your memory for 

longer. Get it? 

 
Last week - Remember Roddy and Jeffrey? What messages can you remember? 

 

 
 
 
 
 
 
 
 
 

New information coming…I’d like to introduce Bob Bjork. He says we need ‘desirable 
difficulties’ to learn well. These learning conditions can help you remember – even when 

you’re old! 

 

 

What is interleaving? 

 

 

 

What is spacing? 

 

 

 

What is better testing yourself or re-reading? 

 

 

 

Is moving to another room to study a good thing? 

 

 

1. Interleaving instruction on separate topics rather than grouping by topic 

(called blocking) 

2. Spacing rather than massing study sessions on a topic 

3. Using tests rather than studying again (Henry and Jeffrey approve) 

4. Vary the contexts  - even moving to a different room to study can help 
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Bob is a very wise man and has said many wise words about how best to learn. We would be 

very daft if we don’t take his advice. 

 

 

‘Good test performance following an all-night cramming session is certainly rewarding, but 

little of what was recallable on the test will remain recallable over time. In contrast, a study 

schedule that spaces study sessions on a particular topic can produce both good exam 

performance and good long-term retention.’ 

 

 

 

Roddy and Jeffrey ran a series of experiments in 2008. They found that “study, test, test, 
test” helps children learn more and perform better in tests than ‘study, study, study, test’. Can 

you summarise this in your own words? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

What does Bob mean? 
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Cognition worksheet 3: 

 

Can you still remember the main messages from Jeffrey and Roddy? 

 

What about our new wise friend Bob? What were the four desirable difficulties – can you 

explain them? 
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Cognition worksheet 4:  

 

Bob and Roddy and Jeffery had a meeting this week and wondered if they had got any 

messages across to you. They are so desperate to give you good learning skills. Bob is quite 

worried, so he wrote you a letter: 

 

 ‘To those of you, who are students, we hope we have convinced you to take a more active 

role in your learning by introducing the testing effect into your own study activities. Above 

all, try and rid yourself of the idea your memory works like a tape or video recorder and that 

re-reading the same material over and over again will somehow write it into your memory. 

Rather, assume that learning requires an active process of interpretation, that is mapping new 

things we are trying to learn on to what we already know.  

 

Be aware, too, when re-reading a chapter or your notes, that prior exposure (having read them 

a few times before) creates a sense of familiarity that can easily be confused with 

understanding. And perhaps most importantly, keep in mind that retrieval (recalling the 

information), much more than restudying acts to modify (to change) your memory by making 

the information that you practise retrieving more likely to be recallable again and in different 

contexts. In short, try to spend less time on the input side and more time on the output side, 

such as summarizing what you have read from memory, or getting together with friends and 

asking each other questions. Any activities that involve testing yourself – that is activities that 

require you to retrieve or generate information, rather than just presenting information to 

yourself -will make your learning both more durable and flexible’. 

 

Finally, we cannot overstate the importance of learning how to manage your own learning 

activities. In a world that is ever more complex and rapidly changing, and in which learning 

on one’s own is becoming ever more important, learning how to learn is the ultimate survival 

tool’ 

 

Please reply to Bob Bjork (generally hangs out at the University of California, Foglab) and 

advise him how you are going to ‘learn how to learn so that you have the ultimate survival 

tool’ for the future. 

 

I think you could probably say ‘Dear Bob not Mr. Bjork’ – I will find out his exact address 

and send the letters on….. 
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Cognition worksheet 5 

 

It’s not just the men who know how to learn – Carol Dweck has spent her whole life trying to 

understand how children think so that she can give you the best advice. 

 

What are the key messages from the ‘not yet’ video?  

 

 

Can you recall a time when you used ‘The Growth Mindset?’ 

 

 

 

 

 

 

How might this help you in evaluative situations like assessments? Driving tests? (It will 

happen one day!) Music exams? Anywhere else for ‘not yet?’ 

 

 

Cognition worksheet 6: 

 

A friend has texted you today. She is really worried about the exam tomorrow. She is worried 

she will fail and that she will disappoint her parents, her friends will laugh at her. She took an 

exam before and failed because although she had worked really hard, she became so nervous, 

she couldn’t remember anything. She remembers how upset she was then.  

 

You know she has been studying hard for the exam. She has been testing herself and looking 

up answers when she has forgotten. Two nights ago, all of you got together and tested each 

other. Your teacher regularly tests you in class and you have been following a cognition 

programme about the testing effect. 
 
What advice will you give this friend? 

NB: A list of salient references was also included for the schools delivering the intervention 
and omitted here due to space and all references are already included in the main 
References. 

Key messages: 

 

 

 

 

 

 

 

 

 

Scientifically, what is happening to the brain? 
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Appendix C 

New Theory of Disuse 

New Theory of Disuse – a Possible Further Intervention to Help Students Learn 

How to Learn 

The New Theory of Disuse (Bjork & Bjork, 1992) has been included here for two 

reasons: Firstly, it may help to inform the creation of an intervention that uses cognition of 

memory. Secondly, I have created a highly illustrative example from the theory that may aid 

the reader in visualizing how retrieval induced forgetting works; this is a central tenet to 

understanding how the testing effect works. 

I found it helpful to create a literary picture about what was being explained to aid my 

understanding and as such have created a mentally illustrative model that may help inform a 

future intervention for this area, where an understanding of how memory works is important 

for learning how to learn.  

Bjork and Bjork (1992) explain the New Theory of Disuse. It is about two strengths 

of memory: the storage and retrieval strength. Increases in retrieval strength are negatively 

correlated with increases in storage strength. If retrieval strength is high, then storage strength 

is lower. If there is lower retrieval strength, then storage strength is higher. In other words, 

the more difficult something is to recall, the longer it will stay in memory, as long as it can be 

remembered in the first place. Conversely, if something is easy to remember, it may be 

forgotten quickly.  

Storage strength is how well learned an item is and the degree of its strength is shown 

through the ease of its retrieval. To grow an item in storage strength, one needs to use 

opportunities for the study and recall of items. There is no limit on storage strength but there 

is a limit on retrieval strength. If retrieval strength is strong it is assumed to slow down 

storage strength’s ability to store the knowledge. This is because the nature of retrieval 

strength is cue dependent and as certain items increase in retrieval strength, others are less 

recallable, but they are in the storage of the brain. An item’s retrieval strength is larger, the 

more difficult the initial retrieval.  

To use a visual analogy. Think of storage strength as a very large attic where 

knowledge is stored, and which can never be filled up. There is always plenty of space. 



 263 

However, if you don’t take an item out regularly to use, it becomes dusty and stuck at the 

back and can be difficult to find when you need it, but it is still there. The piles of knowledge 

at the entrance to the attic, which you use often aren’t dusty and can be found quickly and are 

easily accessible, these are retrieval strength. Sometimes, if you’re using a lot of recalled 

ideas from one recent pile, you may forget to take some of the items from another recent pile 

(retrieval induced forgetting). Ideally, you need to be able to reach the dusty old knowledge 

at the back and the way to do this is to keep moving the items in the attic around 

(interleaving, spacing and retrieval practice can do this) so that they all have a turn at being 

accessible and all have a turn at being at the back; better still if you can think of a different 

system for remembering where you have put them in the attic, like a map, or you have 

grouped some items together because they have a common theme (cues and schemas used for 

retrieval).  

The New Theory of Disuse owes some of its features to Estes 1955b (Bjork & Bjork 

1992). Memory has a semantic relationship to items’ schemas and scripts already in the long-

term memory. When memory encounters strong new information, there is plenty of storage 

‘in the attic’; remember there is unlimited storage space. It is also a magical attic where the 

space just keeps on increasing. The more knowledge we have, the more ways to store 

additional knowledge.  

As humans, we are impressive at getting information into the brain (up into the attic), 

but not so good at getting it out (once it’s got lost and dusty at the back). The retrieval 

process is fallible, erratic and cue (environmental, interpersonal, emotional, physical) 

dependent. Memory is a modifier (Bjork, 1975) because once we can recall where we stored 

the information (in the attic), we can find the same path again quickly. The information 

retrieved becomes more retrievable. “The testing routes are well-oiled”. (Your attic map is 

working!) However, other information becomes less retrievable (a neglected pile in the attic 

or a lost route on the map). Some items become non recallable with disuse. These are the 

ones you cannot find in your attic at all, but they are still there.  

Pan and Bjork (in press) suggest that a memory’s current performance is its current 

retrieval strength. Storage strength cannot be observed and must be inferred (think of the attic 

space) but it is never lost. Successful retrieval has a larger impact on both storage strength 

and retrieval strength than re-study: the testing effect. 
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To make the most of memory skills, one should practise a delayed initial recall of the 

material and delay re-study. The key is to make the initial learning process difficult or 

effortful; allow some forgetting to have happened before retrieval is attempted. This method 

decreases retrieval strength and makes performance worse but enhances learning and later 

recall (e.g., Pyc & Rawson, 2009). 

 

  



 265 

Appendix D 

Teacher and Student Feedback 

 

School 

Context 

Teacher Comments 

A, n = 15 

Co-ed 

Worksheet 3 was missed out. Students needed support with the language 

about desirable difficulties in week 2. Teacher felt that a video format 

would be better as this is the students’ preferred learning style. The Carol 

Dweck video should stay in the intervention. Most students had understood 

the testing effect according to teacher feedback. ‘A combination of practice 

tests and knowing about the testing effect worked.’ 

B, n = 4 

Co-ed 

All worksheets completed. Students liked week 5, the Dweck video and both 

letter activities. Students’ comments were very positive; they believed 

learning about the testing effect had helped them when taking high stakes’ 

tests. The teacher said ‘A combination of using both the testing effect and 

practice tests supports the ‘why’’ 

C, n = 15 

Girls 

Worksheets 5 and 6 missed. Students liked the letter exercise (week 4) and 

needed support with the language of desirable difficulties. The teacher felt 

that the intervention ‘would suit older students.’ Student responses were all 

completed individually in the feedback and 9 out of 15 students said that 

they felt the intervention had helped them in taking tests. 

D, n = 19 

Co-ed 

All worksheets completed. Some help needed with explaining the language 

of desirable difficulties at first. The Carol Dweck video should stay in the 

intervention. Students had enjoyed the worksheets, especially writing the 

letters and had understood the testing effect and felt it had helped them in 

their tests. The teacher said, ‘I’d like to run this again’. 

E, n = 20 

Girls 

 

All worksheets were completed. Students liked the letter in week 4 and the 

advice letter week. Students did need help with the language about the wider 

desirable difficulties. Students understood the testing effect and felt that it 

helped them in their tests. The teacher said ‘Yes, they understood this, it 

worked well’. (Although, I delivered the intervention, I did not take the 

student feedback. This task was completed by the students’ form teacher.) 

F 

n = 12 

Co-ed 

All worksheets were completed. Students liked both letter activities. 

Students needed help with the desirable difficulties’ terms in week 2. 

Students understood the testing effect and felt that it helped them in their 

tests. 
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Examples of Student Responses to Worksheets and Pupil Questions from Participating 
Schools 

 

 

‘I think they (Jeffrey and Henry) are saying that most people feel more comfortable with 

studying a lot, but it is better to study a bit and then test yourself actually’.  

 

‘I have learnt that testing repeatedly improved greater retention for the actual test (exam) and 

that repeated studying was better for short gains but not long weeks of having to remember’ 

 

‘Learning about cognition helped because otherwise I would have kept studying rather than 

testing’ 

 

‘Learning about learning to learn helped me realise how we learn’ 

 

‘Learning about study, test, test, test worked. I did not know it before, but it worked when I 

tried it’ 

 

‘Forgetting things isn’t bad because when you forget something there is more space in your 

mind to learn new stuff so it’s ok to forget.’ 

 

‘Knowing about the testing effect helped, it’s proved so I know it actually works’ 

 

‘Learning about the testing effect made me feel more confident’ 

 

‘Putting a lot into your brain helps short term memory but study, test, test, test, helps you 

remember it for longer.’ 

 

‘I think testing works better because under pressure, it is more likely to stay in your head’ 

 

‘Testing works for me because it keeps getting hammered into my brain’ 
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Letters to Bob 
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Advice Letters to Friends 
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Appendix E 

Ethics 

 
Sample Parental Permissions Letter for Schools  
(the letter was adapted for the schools in the control group) 
 

Dear Parents, 
 
As you are aware, (name of school) is wholly committed to caring for and promoting the wellbeing of your sons 
and daughters.  
 
We have an opportunity to work with a research degree student from the University of Cambridge. She is also 
headteacher.  
 
The research is aimed at increasing self-efficacy in 10 -to11- year- olds in evaluative situations. Essentially, a 
six-week homework intervention teaches the children about the cognition of the ‘testing effect’ and a pilot study 
showed that the pupils felt more confident in an examination situation as a direct result of learning about how 
memory works for test situations. 
 
We need your permission for your son/daughter to complete 2 short questionnaires about attitudes to test and 
feelings of self-efficacy. These are completed both pre and post-tests, so a total of 4 questionnaires. In addition, 
the children will be asked their opinions about the intervention and we need your permission to be able to use 
their comments.  
 
All data are anonymised and will be stored electronically or on paper and may contribute to scientific papers and 
presentations.  
 
No individuals are named, and the research has been reviewed for its ethics, by the University of Cambridge. 
 
You are free to withdraw your consent / permission at any point, simply by emailing the address below.  

 Please do feel free to contact Helen Barsham for further information and her details are included below. In 
addition, we attach a summary of her research so far. 

 
Please email -------------------------------with your permission. 
 
Yours Sincerely, 
 
 
Helen Barsham –doctoral student at: 

                              

hb479@cam.ac.uk 

 

 INSTRUCT Research Group Psychology and Education, Web: http://sites.google.com/site/instructlab/ 
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RESEARCH ETHICS REVIEW CHECKLIST FOR FACULTY OF EDUCATION 

(electronic version of the original)  
Section A: Details of the Project 
 

Student Name Helen Barsham 

Email hb479@cam.ac.uk 

Supervisor Michelle Ellefson 

Supervisor email mre33@cam.ac.uk 

Registration Report  Title Can an Intervention Programme, Which Uses Metacognition and Practice 

of the Theory of the Desirable Difficulty of the testing effect Reduce Test 

Anxiety, in 10-to11- year-olds*, In Evaluative Situations? 

 
Section B: Checklist 
 

Code of Practice relating to Educational Research 

1a Have you read the Revised Ethical Guidelines for Educational Research (2011) of the 
British Educational Research Association (BERA)? (if you have not read it, the latest 
version is available at http://www.bera.ac.uk/researchers-
resources/publications/bera-ethical-guidelines-for-educational-research-2011 
 

Yes 

1b Is this Code relevant to the conduct of your research? 
If you have answered ‘no’, please briefly explain why: 

Yes 

1c Do you agree to subscribe to the Code in carrying out your own research? Yes 

2 Are there any aspects of your proposed research which, in the context of BERA’s 
Code of Practice, might give rise to concern amongst other educational 
researchers? 

No 

If you have answered ‘yes’, please briefly list possible causes for concern below: 
a  

b  

c  

3a Will you be analysing an existing data set that has already been collected by 
someone else? 

No 
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3b If you answered YES: can you confirm that the data you will be using is either 
 
Already available in the public domain for anyone to analyse 
Or 
You have been given permission by the owner of the data set to undertake your  
own analysis and results1 

Yes/No 

4 Will you be collecting your own research data for the study (through such 
techniques as interviewing people, observing situations, issuing questionnaires 
etc)? 
 
nb. If you have answered NO to this question, you may proceed to Section C 
and need not answer any further questions in this section. 

Yes 

Obtaining ‘Informed Consent’ 
5 Are you familiar with the concept of ‘informed consent’? (if you are not familiar 

with this concept you should first consult the following source: page 5 of the 
BERA guidelines above). 

Yes 

6 Does your research involve securing participation from children, young people or 
adults where the concept of ‘informed consent’ might apply? 
 
Permission is likely to be needed to report any information about people or 
institutions that is not in the public domain, and which you have been able to 
obtain due to your privileged access to the research site(s) in whatever capacity 2 

Yes 

If you have answered ‘yes’ to Question 6 above, please answer the following questions. 
7a Do you believe that you are adopting suitable safeguards with respect to 

obtaining ‘informed consent’ from participants in your research in line with the 
Code of Practice? 

Yes 

7b Will all the information about individuals and institutions be treated on an ‘in 
confidence’ basis at all stages of your research including writing up and 
publication? 

Yes 

 

1 this permission should only be given if the owner of the data can make it available for secondary analysis on 
the basis of the informed consent they obtained from their original participants 
2 Professional	work	(such	as	teaching)	can	involve	the	collection	of	evidence	to	better	understand	
problems/issues	and	to	evaluate	innovative	practice	-	leaving	practitioners	with	the	question	of	when	
these	activities	become	formal	research	requiring	informed	consent.	This	comment	is	meant	to	highlight	
how	the	collection	of	data	for	public	reporting	beyond	the	institution	(e.g.	in	a	thesis)	should	be	
considered	as	a	key	criterion	for	deciding	when	informed	consent	is	required. 
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7c(i) Will all the information collected about the institution(s) where research is based 
be presented in ways that guarantee the institution(s) cannot be identified from 
information provided in the report? 
 
Note: in a thesis written by a researcher about a research context where they have 
a publicly acknowledged role, it is difficult to disguise the identity of the institution 
whilst also providing the expected detail of the researcher’s relationship with the 
research context.3 
 
 

No 

7c(ii) If not, has the appropriate responsible person given approval for the research on 
the understanding that the identity of the institution cannot be protected in the 
report of the research? 

Yes 

7c(iii) Will all the information collected about individuals be presented in ways that 
guarantee their anonymity? 
 
Note: a person with a named role, or having a specific set of reported 
characteristics that is unique in the research context, cannot be assured of the 
anonymity when the identity of the research site cannot be protected. 

Yes 

7c(iv) If not, have these issues been explained to the relevant participants (and 
appropriate gatekeepers in the case of children or other vulnerable participants)? 

Yes/No 

The Involvement of Adults in the Research 

8a Will your research involve adults? 
 

 

Yes 

If you have answered ‘yes’ to Question 8a above, please answer the following questions; 
otherwise move to Question 9. 
8b Will these adults be provided with sufficient information prior to agreeing to 

participate in your research to enable them to exercise ‘informed consent’? 

Yes 

8c Will the adults involved in your research be in a position to give ‘informed 
consent’ themselves with respect to their participation? 
 
 
 
 

Yes 

 

3 At	present	the	implicit	assumption	is	that	anonymity	is	always	desirable*,	and	is	always	achievable.	In	
many	studies	these	assumptions	are	sound.	However,	a	practitioner	(e.g.	teacher)	reporting	research	into	
their	own	practice/institution	in	a	thesis	would	normally	need	to	be	explicit	about	their	professional	
relationship	to	the	research	context	to	give	an	authentic	account	of	their	research.	As	the	staff	lists	of	
many	educational	institutions	are	in	the	public	domain	and	often	readily	found	by	a	web	search,	a	thesis	
by	a	named	member	of	staff	allows	the	institution	to	be	readily	identified	from	the	name	of	the	thesis	
author.	 
Given	that	an	institution	can	readily	be	identified,	this	also	has	consequences	for	the	degree	of	anonymity	
that	can	be	promised	to	participants	-	for	example	those	with	named	roles	such	as	Head	of	Year	11,	
Student	Voice	Coordinator,	Head	Prefect,	etc,	or	those	identifiable	from	detailed	reported	characteristics.	
*	Some	institutions	or	participants	may	welcome	being	acknowledged	by	name	in	a	thesis,	and	their	
views	should	be	taken	into	account	and	balanced	against	other	considerations. 
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8d Will these adults be able to opt out of your research in its entirety if they wish to 
do so by, for example, declining to be interviewed or refusing to answer a 
questionnaire? 

Yes 

8e Will these adults be able to opt out of parts of your research by, for example, 
declining to participate in certain activities or answer particular questions? 

Yes 

The Involvement of Children, Young People and other potentially Vulnerable Persons in the 
Research 

9a Will your research involve children, young people or other potentially vulnerable 
persons (such as those with learning disabilities or your own students). 

Yes 

If you have answered ‘yes’ to Question 9a above, please answer the following questions; 
otherwise move to Question 10. 
In educational and social research ‘informed consent’ regarding access is often given by a 
‘gatekeeper’ on behalf of a wider group of persons (e.g. a head or class teacher with respect to their 
pupils, a youth worker working with young people, another person in an ‘authority’ position). 

9b Who will act as the ‘gatekeeper(s)’ in your research? 
Please list their position(s) briefly below and, where this is not self-evident, describe the 
nature of their relationship with those on whose behalves they are giving ‘informed 
consent’. The researcher cannot act as the gatekeeper (see 9g below) 

i headteacher Sept 2018 –Jan 2019 

ii Regional Principal Jan 2019 ff 

iii  

9c Will you be briefing your ‘gatekeeper(s)’ about the nature of the questions or 
activities you will be undertaking with the children, young people or other 
potentially vulnerable persons involved in your research? 

Yes 

9d If another person (such as a teacher or parent of a child in your study) expressed 
concerns about any of the questions or activities involved in your research, would 
your ‘gatekeeper(s)’ have sufficient information to provide a brief justification for 
having given ‘informed consent’? 

Yes 

9e If unforeseen problems were to arise during the course of the research, would 
your ‘gatekeeper(s)’ be able to contact you at relatively short notice to seek 
advice, if they needed to do so? 

Yes 

9f Could your ‘gatekeeper(s)’ withdraw consent during the research if, for whatever 
reason, they felt this to be necessary? 

Yes 

9g(i)  Are you undertaking research into your own professional context/institution (e.g. 
with students in a school where you work)? 

 
If you answered ‘Yes’ then you should identify (in 9b above) a suitable senior 
person who has agreed to act as an independent point of contact for participants 
to act as the gatekeeper, and answer the following two questions: 

Yes 
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9g(ii) Will you ensure that other people in the research context are aware of the 
identity of the gatekeeper? 

Yes 

9g(iii) Will you take reasonable precautions to ensure that research participants (and 
where appropriate their parents/guardians) know that they should contact the 
gatekeeper (and not you) if they have any concerns about the research? 

Yes 

Other Ethical Aspects of the Research 

10 Will it be necessary for participants to take part in the study without their 
knowledge and consent at the time? (eg covert observation of people in public 
places) 

No 

11 Will the research involve the discussion of topics which some people may deem to 
be ‘sensitive’? (e.g. sexual activity, drug use, certain matters relating to political 
attitudes or religious beliefs) 

Yes 

12 Does the research involve any questions or activities, which might be considered 
inappropriate in an educational setting? 

No 

13 Are drugs, placebos or other substances (e.g. food substances, vitamins) to be 
administered to study participants or will the study involve invasive, intrusive or 
potentially harmful procedures of any kind? 
 
If you have ticked ‘Yes’ it is vital to refer the matter to the Faculty Research Office 
for onward reference to the University Insurance Section. 

No 

14 Will blood, tissue or other samples be taken from the bodies of participants? No 

15 Is pain or more than mild discomfort likely to result from the study? No 

16 Could the research involve psychological stress or anxiety or cause harm or 
negative consequences beyond the risks encountered in normal life? 

Yes 

17 Are there any other aspects of the research which could be interpreted as 
infringing the norms and expectations of behaviour prevailing in educational 
settings? 

No 

18 Are there any other aspects of the research which could be to the participants’ 
detriment? 

No 

19 Will the study involve prolonged or repetitive testing? No 

20 Will financial inducements (other than reasonable expenses or compensation for 
time) be offered to participants? 

No 
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SECTION C: Interpretation of Results 
 
If any of your answers coincide with the response options having a coloured background, 
then you should assume that further discussion involving Stage 2 procedures is required 
because some aspect of your proposed research is likely to be ‘ethically sensitive’. In 
practice, many issues can be resolved at this stage. In practice, many issues can be 
resolved at this stage. 
 
Members of staff should be especially careful about research involving their own 
students (question 9g). 
 
If you have ticked ‘yes’ in response to one or more of questions 10 to 20, both Stage 2 and 
Stage 3 clearance will definitely be required. 

 
Stage 2 Clearance 
Any ‘ethically sensitive’ responses identified above should be discussed with a 
‘knowledgeable person of standing’. In the case of students within the Faculty, this 
person will, in almost every case, be the person supervising your research. 
 

 
On completion of the discussion, the ‘knowledgeable person of standing’ is asked to choose 
one of the following three responses, to delete the other two and to affirm their views by 
adding their signature. 
a I have discussed the ethical dimensions of this research and, as outlined to me, I do not 

foresee any ethical issues arising which require further clearance. 
b There may be some ethical issues arising from this research. I think it would be prudent 

for the researcher to seek further advice and, possibly, Stage 3 clearance. 
c Ethical issues arise in this research, which require further discussion; my advice is that 

Stage 3 ethical clearance should be sought. 
 

Supervisor Name/ Signature Dr Michelle Ellefson 

Date August 2018 

 

 

* This refers to Year 6 in the primary phase of education.  

 

7ci – I have not mentioned the school where I work by name. I have referred to the type of 

school it is for to explain aspects of my study. All stakeholders, in all linked institutions, will 

never be mentioned by name nor their schools identified. I will only ever refer to the type of 

school. 

All parties will always be aware that research is being carried out. 

No specific classes or categories of teacher will be mentioned and I will seek out the most 

general label at all times E.g. 10 -11 year olds. 

 

8a – I have not used adults in the pilot study but hope to use teacher questionnaires in the 

main study. 
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11 – I will be asking pupils about their test anxiety. However, the choice of instrument is 

designed for this age-group specifically and will be administered at least 6 weeks ahead of 

any test to avoid priming. It is unlikely that a child will become distressed at participating in 

this research but as all staff who, have contact with a child will be aware of this research, a 

buddy can be established for the child - someone they like to talk to. There will also be form 

teachers available and parents will be contacted if a child becomes unhappy. Pastoral and 

PHSE time, counsellors can be made available too. 

 

16 – It is important to do this research because the purpose is to enable children to feel 

confident in testing situations. The choice of measurement has been chosen carefully and 

piloted with children. In the main study, the use of a self-efficacy questionnaire will also be 

trialled with children before it becomes embedded. Any child who becomes distressed will 

have access to the usual pastoral care systems in a school and be supported through time, 

conversation, parental contact and support, PHSE and counselling. 

 

NB: This is an electronic copy of the original form that is held in the higher degrees’ office.  
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Appendix F 

Results from the Pilot 

Table F.1 

Pilot - Paired t Test Results  

Question M SD SE t p Cohen’s d 

Thoughts      

Will I pass 1.00 1.18 0.36 2.80 .02 0.85 

Get bad result 0.36 1.21 0.36 1.00 .34 0.30 

Hard remember answers 0.36 0.50 0.15 2.39 .04 0.72 

Worry about failing 0.36 1.12 0.34 1.08 .31 0.32 

Do something wrong 0.64 1.12 0.34 1.88 .09 0.57 

What results will be 0.36 1.29 0.39 0.94 .37 0.27 

Answers are right 0.45 0.93 0.28 1.61 .14 0.48 

Have studied more 0.82 0.98 0.30 2.76 .02 0.82 

Most answers wrong 0.64 1.03 0.31 2.06 .07 0.62 

Worry how hard 0.73 1.19 0.36 2.03 .07 0.61 

What if I fail 0.36 1.03 0.31 1.17 .26 0.35 

How badly I’m doing 0.36 1.03 0.31 1.17 .27 0.35 

Worry parents say −0.09 0.54 0.16 −0.56 .59 0.16 

Off Task Behaviour      

Look around room  0.27 1.10 0.33 0.82 .43 0.25 

Play pen pencil  −0.36 1.36 0.41 −0.89 .40 0.26 

Check the time 0.55 0.69 0.21 2.63 .02 0.78 

Hard sit still 0.18 1.25 0.40 0.48 .64 0.14 

Look at other people 0.82 1.08 0.33 2.52 .03 0.76 

Try finish quickly −0.73 1.27 0.38 −1.90 .08 0.57 

Tap my feet 0.27 1.35 0.41 0.67 .52 0.20 

I stare 0.45 1.37 0.41 1.10 .30 0.33 

Autonomic Reactions     

Heart beats fast 1.00 0.77 0.23 4.28 .00 1.30 

Feel nervous 0.82 0.75 0.23 3.61 .00 1.10 

Face feels hot −0.09 1.22 0.37 −0.25 .81 0.07 

Belly feels funny 0.73 1.01 0.30 2.39 .04 0.72 

Head hurts 0.27 0.9 0.27 1.00 .34 0.30 

Feel warm 0.09 1.38 0.41 0.22 .83 0.06 

Hand shakes 0.27 1.01 0.30 0.90 .39 0.27 

Go bathroom −0.09 1.14 0.34 −0.27 .59 0.07 

Feel scared 

 

0.73 1.01 0.30 2.39 .04 0.72 

Note. Variables in Pre and Post-test Questionnaires in the Sample; Arranged in Subscales. N 

=11. Degrees of Freedom for all of these results are 10. 
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Student Responses from the Pilot Study 
 

‘I think they (Jeffrey and Henry) are saying that most people feel more comfortable 

with studying a lot, but it is better to study a bit and then test yourself actually’.  

‘I think the testing worked better because if you study once and then test yourself 

three times.’ 

‘I have learnt that testing repeatedly improved greater retention for the actual test 

(exam) and that repeated studying was better for short gains but not long weeks of having to 

remember’ 

‘When you study loads and loads for an exam, when the exam is done you forget 

about it but if you study and then test you will remember.’ 

‘Robert is saying roughly the same as Henry and Jeffrey, however, he also states that 

it is important to forget and make the brain work harder to remember. The harder you 

remember the better the long-term memory.’ 

‘Forgetting things isn’t bad because when you forget something there is more space in 

your mind to learn new stuff so it’s ok to forget.’ 

‘Forgetting is like a mistake you learn from it. When you learn something test 

yourself, so you learn for life, it is useless to learn something then forget like a doctor test it 

is important to remember for future reference.’ 
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Letters to Bob from the Pilot Study 
 

Dear Robert, 

 

We are going to ‘learn how to learn’ at school by learning about metacognition and reading 

and writing about how remembering works and how to remember things. Also, for example, 

when we do our spelling tests, we are practicing to not cram it in all at the last possible 

moment or do it every day for a whole week. We get a sheet and we do it day 1, day 3, day 5 

so we spread it out. This forces you to remember. Then, your brain, while you are 

remembering is putting that information into your deeper memory. In spellings we get tested 

on that week’s spellings and a few of the week’s before. It is also better to study, test, test, 

test: but it is not good for retention to study, study, study, test. 

 

We, as students, usually prefer studying to testing because some people get nervous or feel 

pressure, but testing makes you think more which means (as Mrs. Barsham told us we can) 

grow your brain! Growing your brain means you have more brain cells, which expands your 

knowledge of subjects. As someone quoted about Einstein ‘He knew a little about 

everything’. 

 

If you also mix topics up, for example, writing a script in French improves your script writing 

and your French. Also changing the setting for example learning Latin in one room one day 

and a different room the next will help you. I hope you are well. 

 

Your Sincerely, 

 

Dear Robert, 

 

I have tried doing your technique for one of my exams and it worked because I got full 

marks. So, thank you and I find using your technique really helps me to understand what I’m 

doing, and it goes into my long-term memory as well. It has really helped me. I have learned 

how to deal with tests, so I don’t get worried about them anymore. In fact, I feel confident 

when I go into them. I got my parents to test me each night and morning instead of just 

staring at words when I revise and hoping to remember them. I feel like I will remember that 

test forever, I think also that we should learn about one thing say food in History and do that 

subject in lots of different historic stages. You have really helped me. 

 

Yours Sincerely, 

 

Dear Robert, 

 

I read your letter and I have decided that when I study for future tests, I will test myself more 

than reading my notes over and over again because once I understood how my brain works, I 

can understand how to change the way I feel about a test or tests. Once, I know how my brain 

works, I can learn the difference between being familiar with my notes and remembering and 

understanding it even if it’s just getting together with friends and testing each other on notes 

and questions, I know that I am more likely to remember it. Therefore, I wouldn’t have to 

worry about the test, and I think more pupils should be given the opportunity to learn this 

way so that they have a better future.  
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Appendix G 

Results of the Children’s Test Anxiety Scale 

 
Descriptive Statistics 
 
Table G.1 

Means, Standard Deviations, Skew and Kurtosis, Pre-test, Intervention Group (n = 85) 

Question M SD Skew Kurtosis SE 

Q1 Wonder if pass 2.35 0.80 0.13 −0.48 0.09 

Q2 Heart beats fast 2.21 1.00 0.28 −1.07 0.11 

Q3 Look around room 2.36 0.91 0.54 −0.58 0.10 

Q4 Feel nervous 2.74 1.03 −0.20 −1.17 0.11 

Q5 Get a bad result 2.06 0.90 0.46 −0.66 0.10 

Q6 Hard to remember 2.13 0.84 0.35 −0.52 0.09 

Q7 Play pen /pencil 2.00 1.05 0.68 −0.80 0.11 

Q8 Face feels hot 1.69 0.90 1.01 −0.10 0.10 

Q9 Worry fail 2.16 0.84 0.40 −0.42 0.09 

Q10 Belly funny 1.71 0.96 1.08 −0.08 0.10 

Q11 Worry do wrong 2.59 0.94 0.30 −1.07 0.10 

Q12 Check the time 3.00 1.05 −0.62 −0.92 0.11 

Q13 What result will be 2.45 1.02 0.04 −1.14 0.11 

Q14 Hard sit still 1.79 1.01 0.97 −0.37 0.11 

Q15 Answers right 2.76 0.85 −0.22 −0.65 0.09 

Q16 Studied more 2.01 0.96 0.70 −0.44 0.10 

Q17 Head hurts 1.62 0.95 1.29 0.39 0.10 

Q18 Look at others 1.84 0.90 0.81 −0.25 0.10 

Q19 Answers wrong 1.93 0.88 0.75 −0.13 0.10 

Q20 Feel warm 2.01 1.05 0.64 −0.87 0.11 

Q21 How hard test 2.34 0.93 0.33 −0.17 0.10 

Q22 Finish quickly 2.16 0.94 0.36 −0.81 0.10 

Q23 Hand shakes 1.59 0.94 1.31 0.34 0.10 

Q24 Happen if fail 1.95 0.97 0.70 −0.58 0.11 

Q25 Go to bathroom 1.51 0.84 1.47 1.03 0.09 

Q26 Tap my feet 2.28 1.12 0.34 −1.27 0.12 

Q27 How badly 1.79 0.77 0.83 0.43 0.08 

Q28 Feel scared 2.07 1.08 0.59 −0.97 0.12 

Q29 Parents say 1.81 1.12 0.98 −0.61 0.12 

Q30 I stare 1.92 1.00 0.86 −0.37 0.11 
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Table G.2 

Means, Standard Deviations, Trimmed Mean, Skew and Kurtosis, Post-test, Intervention 

Group (n = 85) 

Question M SD Skew Kurtosis SE 

Q1 Wonder if pass 2.46 0.85 0.35 −0.60 0.09 

Q2 Heart beats fast 1.75 0.87 1.02 0.31 0.09 

Q3 Look around room 2.42 0.98 0.36 −0.95 0.11 

Q4 Feel nervous 2.27 0.96 0.42 −0.76 0.10 

Q5 Get a bad result 1.82 0.86 0.78 −0.20 0.09 

Q6 Hard to remember 1.86 0.79 0.54 −0.44 0.09 

Q7 Play pen /pencil 2.04 1.09 0.54 −1.12 0.12 

Q8 Face feels hot 1.51 0.81 1.64 2.02 0.09 

Q9 Worry fail 1.85 0.88 0.81 −0.12 0.10 

Q10 Belly funny 1.59 0.85 1.34 0.93 0.09 

Q11 Worry do wrong 2.28 0.89 0.41 −0.56 0.10 

Q12 Check the time 3.16 0.95 −0.82 −0.44 0.10 

Q13 What result will be 2.47 1.03 0.14 −1.16 0.11 

Q14 Hard sit still 1.85 0.98 0.97 −0.12 0.11 

Q15 Answers right 2.52 0.91 −0.05 −0.83 0.10 

Q16 Studied more 1.84 0.94 1.01 0.16 0.10 

Q17 Head hurts 1.45 0.85 1.99 3.03 0.09 

Q18 Look at others 2.02 1.10 0.75 −0.81 0.12 

Q19 Answers wrong 1.68 0.88 1.18 0.57 0.09 

Q20 Feel warm 1.85 0.96 0.95 −0.10 0.10 

Q21 How hard test 2.18 0.97 0.43 −0.80 0.10 

Q22 Finish quickly 2.11 0.91 0.54 −0.50 0.10 

Q23 Hand shakes 1.40 0.76 1.95 3.14 0.08 

Q24 Happen if fail 1.93 1.04 0.76 −0.72 0.11 

Q25 Go to bathroom 1.27 0.62 2.64 7.27 0.07 

Q26 Tap my feet 2.19 1.06 0.45 −1.06 0.12 

Q27 How badly 1.60 0.80 1.37 1.45 0.09 

Q28 Feel scared 1.73 0.88 0.86 −0.40 0.10 

Q29 Parents say 1.81 0.99 1.02 −0.10 0.11 

Q30 I stare 1.85 0.93 0.91 −0.09 0.10 
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Table G.3 

Means, Standard Deviations, Trimmed Mean, Skew and Kurtosis, Pre-test, Control Group (n 

= 85) 

Question M SD Skew Kurtosis SE 

Q1 Wonder if pass 2.41 0.93 0.17 −0.86 0.10 

Q2 Heart beats fast 2.01 0.96 0.54  −0.77 0.10 

Q3 Look around room 2.16 1.00 0.45 −0.88 0.11 

Q4 Feel nervous 2.49 0.98 0.31 −1.04 0.11 

Q5 Get a bad result 2.01 0.92 0.89 0.10 0.10 

Q6 Hard to remember 2.13 1.02 0.54 −0.85 0.11 

Q7 Play pen /pencil 1.79 1.10 1.10 −0.29 0.12 

Q8 Face feels hot 1.72 0.96 1.22  0.42 0.10 

Q9 Worry fail 2.22 1.07 0.47 −1.05 0.12 

Q10 Belly funny 1.56 0.85 1.40  1.05 0.09 

Q11 Worry do wrong 2.41 0.95 0.25 −0.90 0.10 

Q12 Check the time 2.81 1.16 −0.27 −1.48 0.13 

Q13 What result will be 2.55 1.10 0.03 −1.35 0.12 

Q14 Hard sit still 1.94 1.09 0.76 −0.85 0.12 

Q15 Answers right 2.88 0.99 −0.27 −1.18 0.11 

Q16 Studied more 2.34 1.04 0.42 −1.03 0.11 

Q17 Head hurts 1.49 0.81 1.67 2.12 0.09 

Q18 Look at others 1.79 0.91 1.07 0.33 0.10 

Q19 Answers wrong 2.18 1.06 0.54 −0.94 0.11 

Q20 Feel warm 1.92 1.05 0.83 −0.59 0.11 

Q21 How hard test 2.33 0.96 0.45 −0.76 0.10 

Q22 Finish quickly 2.13 1.08 0.59 −0.94 0.12 

Q23 Hand shakes 1.64 0.99 1.36 0.53 0.11 

Q24 Happen if fail 2.07 1.13 0.64 −1.03 0.12 

Q25 Go to bathroom 1.26 0.52 1.82 2.46 0.06 

Q26 Tap my feet 1.98 1.08 0.72 −0.85 0.12 

Q27 How badly 1.95 1.02 0.89 −0.35 0.11 

Q28 Feel scared 1.86 0.94 0.87 −0.20 0.10 

Q29 Parents say 2.13 1.11 0.57 −1.05 0.12 

Q30 I stare 2.08 1.17 0.64 −1.11 0.13 
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Table G.4 

Means, Standard Deviations, Skew and Kurtosis, Post-test, Control Group (n = 85)                                                                            

Question M SD Skew Kurtosis SE 

Q1 Wonder if pass 2.39 0.96 0.20 −0.95 0.10 

Q2 Heart beats fast 2.09 0.98 0.63  −0.60 0.11 

Q3 Look around room 2.28 1.01 0.39 −0.94 0.11 

Q4 Feel nervous 2.42 1.05 0.26 −1.17 0.11 

Q5 Get a bad result 2.04 0.92 0.84 0.02 0.10 

Q6 Hard to remember 2.09 0.88 0.64 −0.18 0.10 

Q7 Play pen /pencil 1.89 1.08 0.88 −0.61 0.12 

Q8 Face feels hot 1.68 0.99 1.24  0.25 0.11 

Q9 Worry fail 1.91 0.91 0.84 −0.05 0.10 

Q10 Belly funny 1.52 0.85 1.85 1.85 0.09 

Q11 Worry do wrong 2.41 0.92 0.30 −0.77 0.10 

Q12 Check the time 2.95 1.09 −0.56 −1.08 0.12 

Q13 What result will be 2.46 1.05 0.17 −1.21 0.11 

Q14 Hard sit still 2.13 1.14 0.51 −1.21 0.12 

Q15 Answers right 2.55 1.04 −0.05 −1.20 0.11 

Q16 Studied more 1.95 0.92 0.72 −0.36 0.10 

Q17 Head hurts 1.38 0.71 1.74 2.01 0.08 

Q18 Look at others 1.89 0.89 0.81 −0.05 0.10 

Q19 Answers wrong 1.92 0.97 0.79 −0.41 0.10 

Q20 Feel warm 1.87 0.90 0.84 −0.08 0.10 

Q21 How hard test 2.31 1.00 0.36 −0.95 0.11 

Q22 Finish quickly 2.11 1.00 0.57 −0.76 0.11 

Q23 Hand shakes 1.59 0.97 1.51 1.00 0.10 

Q24 Happen if fail 1.98 1.09 0.70 −0.92 0.12 

Q25 Go to bathroom 1.33 0.78 2.52 5.54 0.08 

Q26 Tap my feet 1.89 1.07 0.84 −0.66 0.12 

Q27 How badly 1.75 0.87 1.02 0.31 0.09 

Q28 Feel scared 1.75 0.95 1.16 0.36 0.10 

Q29 Parents say 2.06 1.13 0.58 −1.13 0.12 

Q30 I stare 1.84 1.04 1.01 −0.28 0.11 
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Table G.5 

Mean, Skew and Kurtosis for the Original Thoughts’ Subscale, Pre-test, Intervention Group 

(n = 85)                                                                              

Question M SD Skew Kurtosis SE 

Q1 Wonder pass 2.35 0.80 0.13 −0.48 0.09 

Q5 Get a bad result 2.06 0.90 0.46 −0.66 0.10 

Q6 Hard to remember 2.13 0.84 0.35 −0.52 0.09 

Q9 Worry fail 2.16 0.84 0.40 −0.42 0.09 

Q11 Worry do wrong 2.59 0.94 0.30 −1.07 0.10 

Q13 What result will be 2.45 1.02 0.04 −1.14 0.11 

Q15 Answers right 2.76 0.85 −0.22 −0.65 0.09 

Q16 Studied more 2.01 0.96 0.70 −0.44 0.10 

Q19 Answers wrong 1.93 0.88 0.75 −0.13 0.10 

Q21 How hard test 2.34 0.93 0.33 −0.77 0.10 

Q24 Happen if fail 1.95 0.97 0.70 −0.58 0.11 

Q27 How badly 1.79 0.77 0.83 0.43 0.08 

Q29 Parents say 1.81 1.12 0.98 −0.61 0.12 
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Table G.6 

Mean, Skew and Kurtosis for the Original Thoughts’ Subscale, Post-test, Intervention Group 

(n = 85)                                                                              

Question M SD Skew Kurtosis SE 

Q1 Wonder pass 2.46 0.85 0.35 −0.60 0.09 

Q5 Get a bad result 1.82 0.86 0.78 −0.20 0.09 

Q6 Hard to remember 1.86 0.79 0.54 −0.44 0.09 

Q9 Worry fail 1.85 0.88 0.81 −0.12 0.10 

Q11 Worry do wrong 2.28 0.89 0.41 −0.56 0.10 

Q13 What result will be 2.47 1.03 0.14 −1.16 0.11 

Q15 Answers right 2.52 0.91 −0.05 −0.83 0.10 

Q16 Studied more 1.84 0.94 1.01 0.16 0.10 

Q19 Answers wrong 1.68 0.88 1.18 0.57 0.09 

Q21 How hard test 2.18 0.97 0.43 −0.80 0.10 

Q24 Happen if fail 1.93 1.04 0.76 −0.72 0.11 

Q27 How badly 1.60 0.80 1.37 1.45 0.09 

Q29 Parents say 1.81 0.99 1.02 −0.10 0.11 
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Table G.7 

Mean, Skew and Kurtosis for the Original Thoughts’ Subscale Pre-test, Control Group  

(n = 85)  

Question M SD Skew Kurtosis SE 

Q1 Wonder pass 2.41 0.93 0.17 −0.86 0.10 

Q5 Get a bad result 2.01 0.92 0.89 0.10 0.10 

Q6 Hard to remember 2.13 1.02 0.54 −0.85 0.11 

Q9 Worry fail 2.22 1.07 0.47 −1.05 0.12 

Q11 Worry do wrong 2.41 0.95 0.25 −0.90 0.10 

Q13 What result will be 2.55 1.10 0.03 −1.35 0.12 

Q15 Answers right 2.88 0.99 −0.27 −1.18 0.11 

Q16 Studied more 2.34 1.04 0.42 −1.03 0.11 

Q19 Answers wrong 2.18 1.06 0.54 −0.94 0.11 

Q21 How hard test 2.33 0.96 0.45 −0.76 0.10 

Q24 Happen if fail 2.04 1.13 0.64 −1.03 0.12 

Q27 How badly 1.95 1.02 0.89 −0.35 0.11 

Q29 Parents say 2.13 1.11 0.57 −1.05 0.12 
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Table G.8 

Mean, Skew and Kurtosis for the Original Thoughts’ Subscale, Post-test, Control Group  

(n =85)                                                                               

Question M SD Skew Kurtosis SE 

Q1 Wonder pass 2.39 0.96 0.20 −0.95 0.10 

Q5 Get a bad result 2.04 0.92 0.84 0.02 0.10 

Q6 Hard to remember 2.09 0.88 0.64 −0.18 0.10 

Q9 Worry fail 1.91 0.91 0.84 −0.05 0.10 

Q11 Worry do wrong 2.41 0.92 0.30 −0.77 0.10 

Q13 What result will be 2.46 1.05 0.17 −1.21 0.11 

Q15 Answers right 2.55 1.04 −0.05 −1.20 0.11 

Q16 Studied more 1.95 0.92 0.72 −0.36 0.10 

Q19 Answers wrong 1.92 0.97 0.79 −0.41 0.10 

Q21 How hard test 2.31 1.00 0.36 −0.95 0.11 

Q24 Happen if fail 1.98 1.09 0.70 −0.92 0.12 

Q27 How badly 1.75 0.87 1.02 0.31 0.09 

Q29 Parents say 2.06 1.13 0.58 −1.13 0.96 
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Normal Distribution for the Original Thoughts’ Subscale from the Children’s Test Anxiety 

Scale Instrument. 

Figure G.1 

Responses for the Original Thoughts’ Subscale Pre-test Intervention Group, n =85 

 

 

 

Figure G.2 

Responses for the Original Thoughts’ Subscale Post-test Intervention Group, n = 85 
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Figure G.3 

Responses for the Original Thoughts’ Subscale Pre-test Control Group, n = 85 

 

 

 

 

 

 

Figure G.4 

Responses for the Original Thoughts’ Subscale, Post-test, Control Group, n =85 
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Figure G.5 

Violin Plot - Responses for Adapted Thoughts’ Subscale for Intervention Pre-test, n = 85 

Figure G.6 

Violin Plot – Responses for Adapted Thoughts’ Subscale for Intervention Post -test, n = 85  
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Figure G.7 

Violin Plot – Responses for Adapted Thoughts’ Subscale for Control Pre-test, n = 85 

Figure G.8 

Violin Plot Responses for Adapted Thoughts’ Subscale for Control Post-test, n = 85 
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Figure G.9 

Children’s Test Anxiety Scale Pre-test Intervention Group Correlations, n = 85 
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Figure G.10 

Children’s Test Anxiety Scale Post-test Intervention Group Correlations, n = 85 
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Figure G.11 

Children’s Test Anxiety Pre-test Control Group Correlations, n = 85 
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Figure G.12 

Children’s Test Anxiety Post-test Control Group Correlations, n = 85 
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Initial Confirmatory Factor Analysis 
 

Table G.9 

Shapiro-Wilk Test for Normality of Distribution for Pre and Post Timepoints and 

Intervention and Control Group (N = 340) 

Timepoint Group 

Shapiro-Wilk 

Statistic p 

Pre-test intervention 0.84 < .001 

 control 0.82 < .001 

Post-test intervention 0.81 < .001 

 control 0.82 < .001 

Note. Children’s Test Anxiety Scale Instrument. 

 

Table G.10 

Kaiser-Meyer-Olkin Measures of Sampling Adequacy (N = 340) 

Timepoint 
Children’s Test Anxiety Scale 

Intervention Control 

Pre-test 0.80 0.78 

Post-test 0.76 0.85 

Note. Children’s Test Anxiety Scale Instrument 
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Table G.11 

Bartlett’s Test for Sphericity for the Children’s Test Anxiety Scale instrument (N = 340) 

Timepoint  Group X² df p 

Pre-test Intervention 1164.17 435 < .001 

 Control 1128.74 435 < .001 

Post-test Intervention 1363.72 435 < .001 

 Control 1353.03 435 < .001 

Note. Children’s Test Anxiety Scale 

 

Table G.12 

Determinant Matrix Values for the Groups and Timepoints (N = 340) 

Timepoint Group R  

Pre-test Intervention 1.23 e−09  

 Control 199.0 e−09  

Post-test Intervention 8.04 e−09  

 Control 9.31 e−09  

Note. Children’s Test Anxiety Scale Data 
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Figure G.13  

Children’s Test Anxiety Scale Intervention Pre-test Correlations, (X = Significant Values) 
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Figure G.14  

Children’s Test Anxiety Scale Intervention Post-test Correlations ( X = Significant Values) 
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Figure G.15 

Children’s Test Anxiety Scale Control Pre-test Correlations (X = Significant Values) 
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Figure G.16 

Children’s Test Anxiety Scale Control Post-test (X = Significant Values) 
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Table G.13 

Factor Loadings from the Original Children’s Test Anxiety Scale Development Paper, Wren 

and Benson, (2004) 

Question   

 Subscale         

Autonomic 

Reactions 

Thoughts Off Task 

Behaviours 

Q1 Wonder if pass  0.65  

Q2 Heart beat fast 0.69   

Q3 Look around room   0.74 

Q4 Feel nervous 0.69   

Q5 Get a bad result  0.76  

Q6 Hard to remember  0.37  

Q7 Play pen /pencil   0.42 

Q8 Face feels hot 0.62   

Q9 Worry fail  0.70  

Q10 Belly funny 0.57   

Q11 Worry do wrong  0.68  

Q12 Check the time   0.55 

Q13 What result will be  0.63  

Q14 Hard sit still   0.54 

Q15 Answers right  0.49  

Q16 Studied more  0.48  

Q17 Head hurts 0.63   

Q18 Look at others   0.71 

Q19 Answers wrong  0.60  

Q20 Feel warm 0.61   

Q21 How hard test  0.55  

Q22 Finish quickly   0.40 

Q23 Hand shakes 0.60   

Q24 Happen if fail  0.75  

Q25 Go to bathroom 0.41   

Q26 Tap my feet   0.53 

Q27 How badly  0.58  

Q28 Feel scared 0.67   

Q29 Parents say  0.72  

Q30 I stare   0.60 
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Exploratory Factor Analysis on the Children’s Test Anxiety Scale 
 

Table G.14 

Condition 1: Exploratory Factor Analysis Showing the Factor Loadings for Three Factors 

with Pre-test Intervention Group (n = 85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 

Q1 Wonder if pass 0.53 (0.65) −0.19  

Q2 Heart beat fast 0.13  0.65 (0.69)  

Q3 Look around room  −0.31  0.80 (0.74) 

Q4 Feel nervous 0.40  0.33 (0.69)  

Q5 Get a bad result 0.74 (0.76) −0.17  

Q6 Hard to remember (0.37)  0.32  0.52 

Q7 Play pen /pencil −0.14  0.20  0.52 (0.42) 

Q8 Face feels hot   0.80 (0.62) −0.10 

Q9 Worry fail 0.86 (0.70)  −0.19 

Q10 Belly funny   0.72 (0.57) −0.14  

Q11 Worry do wrong 0.41 (0.68)   0.30 

Q12 Check the time   0.18  0.24 (0.55) 

Q13 What result will be 0.27 (0.63)  0.13  0.19 

Q14 Hard sit still −0.16  0.44  0.38 (0.54) 

Q15 Answers right (0.49) −0.13  0.43 

Q16 Studied more 0.30 (0.48)   0.20 

Q17 Head hurts   0.53 (0.63)  

Q18 Look at others −0.12   0.71 (0.71) 

Q19 Answers wrong  0.63 (0.60)   0.11 

Q20 Feel warm −0.16  0.76 (0.61) −0.13 

Q21 How hard test  0.26 (0.55)  0.43   0.12 

Q22 Finish quickly  0.12   0.42 (0.40) 

Q23 Hand shakes    0.69 (0.60)  

Q24 Happen if fail  0.64 (0.75)  0.27 −0.15 

Q25 Go to bathroom  (0.41)  0.49 

Q26 Tap my feet −0.17  0.28  0.38 (0.53) 

Q27 How badly  0.80 (0.58)   

Q28 Feel scared  0.44  0.47 (0.67)  

Q29 Parents say  0.47  0.47 (0.72) −0.13 

Q30 I stare  −0.14  0.90 (0.60) 

    

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.15 

Condition 2: Exploratory Factor Analysis Showing the Factor Loadings for Four Factors 

With the Pre-test Intervention Group (n = 85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 
Factor 4 

Q1 Wonder if pass 0.42 (0.65) −0.117 −0.19 0.29 

Q2 Heart beat fast   0.73 (0.69) −0.19 0.16 

Q3 Look around room  −0.36 (0.74)  0.74 0.16 

Q4 Feel nervous 0.36  0.34 (0.69)   

Q5 Get a bad result 0.71 (0.76) −0.16   

Q6 Hard to remember (0.37)  0.34   

Q7 Play pen /pencil   0.92 (0.42) −0.38 

Q8 Face feels hot −0.17 0.89 (0.62) −0.19 0.12 

Q9 Worry fail  0.92 (0.70) −0.12 −0.11 −0.13 

Q10 Belly funny  0.64 (0.57)  −0.13 

Q11 Worry do wrong 0.42 (0.68)  0.25 0.12 

Q12 Check the time  0.16 0.23 (0.55)  

Q13 What result will be 0.31 (0.63)  0.24  

Q14 Hard sit still −0.11 0.38 0.45 (0.54)  

Q15 Answers right −0.13 (0.49)   0.56 

Q16 Studied more 0.16 (0.48) 0.19  0.38 

Q17 Head hurts  0.45 (0.63) 0.14  

Q18 Look at others −0.21  0.47 (0.71) 0.41 

Q19 Answers wrong 0.57 (0.60)   0.20 

Q20 Feel warm −0.20 0.78 (0.61) −0.13  

Q21 How hard test 0.23 (0.55) 0.41  0.14 

Q22 Finish quickly   0.29 (0.40) 0.23 

Q23 Hand shakes 0.11 0.59 (0.60) 0.16 −0.28 

Q24 Happen if fail 0.78 (0.75) 0.14  −0.27 

Q25 Go to bathroom  (0.41)   

Q26 Tap my feet   0.56 (0.53)  

Q27 How badly 0.83 (0.53)    

Q28 Feel scared 0.48 0.39 (0.67)   

Q29 Parents say 0.48 (0.72) 0.44 −0.11  

Q30 I stare   0.66 (0.60) 0.40 

     

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.16 

Condition 3: Exploratory Factor Analysis Showing the Factor Loadings for Three Factors 

with Post-test Intervention Group (n = 85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 

Q1 Wonder if pass 0.54 (0.65) 0.13 0.23 

Q2 Heart beat fast 0.12 0.55  

Q3 Look around room   0.69 

Q4 Feel nervous 0.29 0.56 (0.69)  

Q5 Get a bad result 0.53 (0.76) 0.35  

Q6 Hard to remember 0.19 (0.37) 0.30 0.23 

Q7 Play pen /pencil  0.39 0.41 

Q8 Face feels hot 0.12 0.65  

Q9 Worry fail 0.84 (0.70) 0.32 −0.24 

Q10 Belly funny 0.11 0.54  

Q11 Worry do wrong 0.71 (0.68) 0.15 0.11 

Q12 Check the time 0.11 0.26 0.31 

Q13 What result will be 0.49 (0.63) 0.13 0.33 

Q14 Hard sit still 0.20 0.44 0.56 

Q15 Answers right 0.53 (0.49)  0.55 

Q16 Studied more 0.53 (0.48)  0.31 

Q17 Head hurts 0.14 0.49 0.29 

Q18 Look at others 0.19 0.13 0.60 

Q19 Answers wrong 0.65 (0.60) 0.20 0.13 

Q20 Feel warm 0.19 0.57 0.12 

Q21 How hard test 0.56 (0.55) 0.29 0.15 

Q22 Finish quickly 0.31  0.23 

Q23 Hand shakes 0.29 0.69  

Q24 Happen if fail 0.72 (0.75) 0.31 0.23 

Q25 Go to bathroom 0.14 0.49 0.21 

Q26 Tap my feet 0.25 0.31 0.40 

Q27 How badly 0.78 (0.58) 0.27  

Q28 Feel scared 0.63 (0.67) 0.31  

Q29 Parents say 0.69 (0.72) 0.16  

Q30 I stare   0.68 

    

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.17 

Condition 4: Exploratory Factor Analysis Showing the Factor Loadings for Four Factors 

Post-test Intervention Group (n = 85)  

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 
Factor 4 

Q1 Wonder if pass 0.45 (0.65) 0.11 0.29 −0.16 

Q2 Heart beat fast  0.59 −0.15  

Q3 Look around room −0.13 −0.17 0.60 0.46 

Q4 Feel nervous 0.26 0.37 −0.23 0.19 

Q5 Get a bad result 0.58 (0.76) 0.113 −0.12  

Q6 Hard to remember 0.13   0.30 

Q7 Play pen /pencil   0.12 0.74 

Q8 Face feels hot −0.11 0.84   

Q9 Worry fail 0.92 (0.70)  −0.10 −0.10 

Q10 Belly funny  0.56   

Q11 Worry do wrong 0.73  (0.68)    

Q12 Check the time −0.12 0.41 0.32  

Q13 What result will be 0.33 0.18 0.43 −0.19 

Q14 Hard sit still  0.28 0.41 0.34 

Q15 Answers right 0.34 −0.11 0.66  

Q16 Studied more 0.44 (0.48)  0.35  

Q17 Head hurts  0.32  0.33 

Q18 Look at others  −0.12 0.45 0.44 

Q19 Answers wrong 0.75 (0.60) −0.21  0.22 

Q20 Feel warm  0.77   

Q21 How hard test 0.51 (0.55) 0.13   

Q22 Finish quickly 0.30 −0.19 0.22  

Q23 Hand shakes 0.19 0.49 −0.13 0.26 

Q24 Happen if fail 0.66 (0.75) 0.13 0.18  

Q25 Go to bathroom  0.20  0.44 

Q26 Tap my feet 0.15  0.19 0.48 

Q27 How badly 0.89(0.58) −0.14  0.15 

Q28 Feel scared 0.74(0.67)  −0.18 0.18 

Q29 Parents say 0.73 (0.72)   −0.19 

Q30 I stare −0.36  0.68  0.25 

     

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.18 

Condition 5: Exploratory Factor Analysis Showing the Factor Loadings for Three Factors 

Pre-test Control Group (n = 85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 

Q1 Wonder if pass 0.29 (0.65)  −0.20 

Q2 Heart beat fast  0.61 (0.69)  

Q3 Look around room   0.35 (0.74) 

Q4 Feel nervous 0.13 0.40 (0.69) 0.28 

Q5 Get a bad result 1.02 (0.76)  −0.38 

Q6 Hard to remember 0.61 (0.37) −0.33 0.17 

Q7 Play pen /pencil   0.52 (0.42) 

Q8 Face feels hot  0.44 (0.62)  

Q9 Worry fail 0.70 (0.70) −0.16 0.22 

Q10 Belly funny −0.22 0.65 (0.57)  

Q11 Worry do wrong 0.36 (0.68) 0.31  

Q12 Check the time −0.15  0.58 (0.55) 

Q13 What result will be −0.18 (0.63) −0.26 0.77 

Q14 Hard sit still  0.20 0.32 (0.54) 

Q15 Answers right (0.49)  0.52 

Q16 Studied more 0.44 (0.48)  0.20 

Q17 Head hurts −0.20 0.60 (0.63)  

Q18 Look at others  0.12 0.29 (0.71) 

Q19 Answers wrong 0.76 (0.60)   

Q20 Feel warm −0.10 (0.61) 0.45 

Q21 How hard test 0.17 (0.55) 0.39 0.41 

Q22 Finish quickly −0.12  0.47 (0.40) 

Q23 Hand shakes  0.53 (0.57)  

Q24 Happen if fail 0.30 (0.75) 0.16 0.38 

Q25 Go to bathroom −0.14 0.14 (0.41) 0.30  

Q26 Tap my feet −0.25 0.15 0.74 (0.53) 

Q27 How badly 0.50 (0.58) 0.21 0.21 

Q28 Feel scared 0.17 0.46 (0.67)  

Q29 Parents say 0.18 (0.72) 0.18 0.40 

Q30 I stare   0.56 (0.60) 

    

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.19 

Condition 6: Exploratory Factor Analysis Showing the Factor Loadings for Four Factors 

Pre-test Control Group (n=85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

Behaviours 
Factor 4 

Q1 Wonder if pass (0.65)  −0.21 0.47 

Q2 Heart beat fast  0.58 (0.69) 0.15 −0.26 

Q3 Look around room 0.19 −0.24 0.90 (0.74) −0.18 

Q4 Feel nervous  0.60 (0.69) −0.18 0.30 

Q5 Get a bad result 1.03 (0.76)   −0.40 

Q6 Hard to remember 0.57 (0.37) −0.30  0.20 

Q7 Play pen /pencil   0.35 (0.42) 0.30 

Q8 Face feels hot  0.49 (0.62)   

Q9 Worry fail 0.65 (0.70)  −0.18 0.43 

Q10 Belly funny −0.22 0.77 (0.57) −0.17  

Q11 Worry do wrong 0.35 (0.68) 0.31  −0.11 

Q12 Check the time −0.13  0.55 (0.55) 0.20− 

Q13 What result will be −0.20 (0.63) −0.12  0.79 

Q14 Hard sit still   0.60 (0.54)  

Q15 Answers right (0.49)  0.14 0.39 

Q16 Studied more 0.40 (0.48)   0.27 

Q17 Head hurts −0.18 0.60 (0.63)  −0.14 

Q18 Look at others   0.64 (0.71)  

Q19 Answers wrong 0.69 (0.60)    

Q20 Feel warm −0.11 0.13 (0.61)  0.35 

Q21 How hard test 0.12 0.56 (0.55)  0.34 

Q22 Finish quickly −0.12  0.37 (0.40) 0.18 

Q23 Hand shakes  0.53 (0.60)  −0.20 

Q24 Happen if fail 0.27 (0.75) 0.23 0.12 0.28 

Q25 Go to bathroom −0.12 0.11 (0.41) 0.27  

Q26 Tap my feet −0.23 0.20 0.31 (0.53) 0.44 

Q27 How badly 0.46 (0.58) 0.24 0.18  

Q28 Feel scared 0.13 0.61 (0.67) −0.24  

Q29 Parents say 0.17 (0.72) 0.23 0.17 0.23 

Q30 I stare   0.37 (0.60) 0.28 

     

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.20 

Condition 7: Exploratory Factor Analysis Showing the Factor Loadings for Three Factors 

Post-test Control Group (n = 85)  

Question Thoughts 
Autonomic 

Reactions 

Off Task 

 Behaviours 

Q1 Wonder if pass 0.39 (0.65) 0.20 0.16 

Q2 Heart beat fast 0.19  0.88 (0.69) −0.40 

Q3 Look around room 0.17 0.22 0.21(0.74) 

Q4 Feel nervous 0.36 0.84 (0.69) −0.54 

Q5 Get a bad result 1.05 (0.76) −0.15 −0.12 

Q6 Hard to remember 0.40 (0.37) −0.16 0.45 

Q7 Play pen /pencil   0.66 (0.42) 

Q8 Face feels hot −0.25 0.46 (0.62) 0.32 

Q9 Worry fail 0.85 (0.70)   

Q10 Belly funny −0.11 0.50 (0.57) 0.14 

Q11 Worry do wrong 0.49 (0.68)  0.26 

Q12 Check the time  −0.29 0.74 (0.55) 

Q13 What result will be 0.16 (0.63) 0.20 0.31 

Q14 Hard sit still   0.69 (0.54) 

Q15 Answers right 0.28 (0.49) 0.10 0.31 

Q16 Studied more 0.38 (0.48) −0.16 0.33 

Q17 Head hurts  0.31 (0.63) 0.26 

Q18 Look at others 0.19 0.19 0.19 (0.71) 

Q19 Answers wrong 0.69 (0.60)   

Q20 Feel warm −0.32 0.64 (0.61) 0.15 

Q21 How hard test 0.16 (0.55) 0.35 0.44 

Q22 Finish quickly −0.26  0.85 (0.40) 

Q23 Hand shakes −0.34 0.62 (0.60)  

Q24 Happen if fail 0.22 (0.75) 0.32 0.31 

Q25 Go to bathroom  0.24 (0.41) 0.32 

Q26 Tap my feet 0.10 0.27 0.25 (0.53) 

Q27 How badly 0.49 (0.58) 0.28  

Q28 Feel scared  0.44 (0.67) 0.12 

Q29 Parents say 0.72 0.30 0.41 

Q30 I stare −0.11 0.11 0.49 (0.60) 

    

Note. Brackets () denote the original loadings. Bold = the values considered as loadings here. 
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Table G.21 

Condition 8: Exploratory Factor Analysis Showing the Factor Loadings for Four Factors 

Post-test Control (n = 85) 

Question Thoughts 
Autonomic 

Reactions 

Off Task 

Behaviours 
Factor 4 

Q1 Wonder if pass 0.47 (0.65) 0.22   

Q2 Heart beat fast 0.15 0.73 (0.69) −0.40 0.20 

Q3 Look around room  −0.11 0.23 (0.74) 0.72 

Q4 Feel nervous 0.35 0.60 (0.69) −0.48 0.16 

Q5 Get a bad result 1.12 (0.76) −0.28 −0.16  

Q6 Hard to remember 0.46 (0.37)  0.35  

Q7 Play pen /pencil   0.53 (0.42) 0.14 

Q8 Face feels hot −0.20 0.69 (0.62) 0.21 −0.16 

Q9 Worry fail 0.91 (0.70)  −0.14  

Q10 Belly funny  0.62 (0.57)   

Q11 Worry do wrong 0.55 (0.68)  0.20  

Q12 Check the time −0.13 −0.27 0.71 (0.55) 0.22 

Q13 What result will be 0.25 (0.63) 0.28 0.26 −0.12 

Q14 Hard sit still   0.57 (0.54) 0.19 

Q15 Answers right 0.41 (0.49) 0.21 0.25 −0.21 

Q16 Studied more 0.49 (0.48)  0.26 −0.15 

Q17 Head hurts 0.14 0.49 (0.63) 0.14 −0.17 

Q18 Look at others  −0.15 0.21(0.71) 0.77 

Q19 Answers wrong 0.76 (0.60)    

Q20 Feel warm −0.28 0.87 (0.61)  −0.20 

Q21 How hard test 0.13 (0.55) 0.27 0.37 0.27 

Q22 Finish quickly −0.22 0.12 0.75 (0.40)  

Q23 Hand shakes −0.4 0.63 (0.60)  0.17 

Q24 Happen if fail 0.22 (0.75) 0.24 0.24 0.22 

Q25 Go to bathroom  0.33 (0.41) 0.23  

Q26 Tap my feet  0.26 0.15 (0.53) 0.21 

Q27 How badly 0.43 (0.58)   0.43 

Q28 Feel scared  0.35 (0.67) 0.10 0.19 

Q29 Parents say 0.34 (0.72) 0.33   

Q30 I stare −0.12 0.15 0.43 (0.60) 0.13 

     

Note. Brackets() denote the original loadings. Bold = the values considered as loadings here. 
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Table G.22 

Three and Four Factor Loadings and Cronbach’s Alpha for the Original Thoughts’ Subscale 

Across All Conditions (N = 340) 

Group Timepoint Three Factor Four Factor Cronbach’s alpha 

Children’s Test 

Anxiety Scale 

Intervention 

Pre-test Q1, Q4, Q5, Q9, 

Q11, Q19, Q24, 

Q27, Q28, Q29 

Q1, Q5, Q9, Q11, 

Q19, Q24, Q27, 

Q28, Q29 

Three Factor = 0.88 

Four Factor = 0.87 

 Post-test Q1, Q5, Q9, Q11, 

Q13, Q15, Q16, 

Q19, Q21, Q24, 

Q27, Q28, Q29 

Q1, Q5, Q9, Q11, 

Q16, Q19, Q21, 

Q24, Q27, Q28, 

Q29 

Three Factor = 0.92 

Four Factor = 0.91 

Children’s Test 

Anxiety Scale 

Control 

Pre-test Q5, Q6, Q9, Q16, 

Q19, Q27 

Q5, Q6, Q9, Q16, 

Q19, Q27 

Three Factor = 0.84 

Four Factor = 0.84 

 Post-test Q5, Q6, Q9, Q11, 

Q19, Q27 

Q1, Q5, Q6, Q9, 

Q11, Q15, Q16, 

Q19, Q27 

Three Factor = 0.87 

Four Factor = 0.88 

Original 

Thoughts’ 

Subscale 

 Q1, Q5, Q6, Q9, 

Q11, Q13, Q15, 

Q16, Q19, Q21, 

Q24, Q27, Q29 

 Alpha = 0.89 
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Measurement Invariance for the Children’s Test Anxiety Adapted Thoughts’ Subscale 
– Timepoint. 
 

Table G.23 

Measurement Invariance of Adapted Thoughts’ Subscale over Timepoints Pre-test and Post-

test ( N = 340) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Patterns 62.76 56 .00 0.07 0.97  0.95 0.04 

Constrained All 111.74 63 .00 0.07 0.93  0.94 0.08 

Metric Loadings 104.58 56 .00 0.08 0.93 0.00 0.93 0.08 

Scalar Intercepts 100.57 56 .00 0.08 0.94 0.01 0.94 0.08 

Strict Factor 111.54 62 .00 0.07 0.93 0.01 0.94 0.08 

Strict Error 89.72 55 .00 0.07 0.95 0.02 0.95 0.08 

Note. ChiSq = chi-square value, df = Degrees of Freedom; RMSEA = root mean square 

error of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 

The results show that measurement invariance holds for the Adapted Thoughts’ 

Subscale across timepoint because at the key stages of constrained model to metric model to 

scalar model, the !CFI is no more than < 0.01(Chen, 2007).	
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Measurement Invariance for the Children’s Test Anxiety Adapted Thoughts’ Subscale - 
Group 
 

Table G.24 

Measurement Invariance of Adapted Thoughts’ Subscale for Intervention and Control 

Groups (N = 340) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Patterns 67.31 40 .00 0.07 0.96  0.95 0.04 

Constrained All 128.36 63 .00 0.09 0.91  0.92 0.08 

Metric Loadings 112.25 56 .00 0.09 0.92 0.01 0.92 0.06 

Scalar Intercepts 112.75 56 .00 0.09 0.92 0.00 0.92 0.08 

Strict Factor 127.68 62 .00 0.09 0.91 0.00 0.92 0.08 

Strict Error 98.04 55 .00 0.07 0.94 0.02 0.94 0.08 

Note. ChiSq= chi-square value, d f= Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; 

SRMR=Standardised Root Mean Square Residual using Bentler’s formula. 

 

The results show that measurement invariance holds across the intervention and 

control groups at the key stages of constrained to metric to scalar as !CFI is no more than 

0.01, (Chen, 2007) between theses stages.	
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Measurement Invariance for the Children’s Test Anxiety Adapted Thoughts’ Subscale 
– Gender 
 

Table G.25 

Measurement Invariance of Adapted Thoughts’ Subscale Across Gender Groups (N = 340) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Patterns 70.18 40 .00 0.08 0.95  0.95 0.05 

Constrained All 111.08 63 .00 0.08 0.93  0.94 0.11 

Metric Loadings 94.50 56 .00 0.07 0.94 0.01 0.94 0.07 

Scalar Intercepts 91.21 56 .00 0.07 0.95 0.01 0.95 0.11 

Strict Factor 103.03 62 .00 0.07 0.94 0.01 0.95 0.07 

Strict Error 108.98 55 .00 0.09 0.92 0.02 0.92 0.11 

Note. ChiSq = chi-square value, df = Degrees of Freedom; RMSEA = root mean square 

error of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 

The results show that measurement invariance holds across the key stages of the 

constrained to metric to scalar measures for the gender groups as the !CFI is no more than < 

0.01.  
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ANOVAs for Chi-Square Differences for Timepoint, Intervention and Control and 

Gender Groups for the Children’s Test Anxiety Adapted Thoughts’ Subscale. 

If Pr < (Chi-Sq) is significant, the null hypothesis that the models are the same is 

rejected and the next stage of the model is calculated for comparison. Although, the tables 

below detail the Chi-square values, measurement invariance was deemed to hold if the !CFI 

value between the constrained, metric and scalar stages was 0.01 or less (Chen, 2007). 

Table G.26 

ANOVAs for Timepoint Measurement Invariance (N = 340) 

Model df AIC BIC X² !X² !df Pr (> X²) 

Configural 40 6464.8 6648.6 84.34  
  

Constrained 63 6473.1 6568.8 138.62 51.15 23 < .001 

Metric 56 6483.3 6605.8 134.78    

Constrained 63 6473.1 6568.8 138.63 4.49 7 0.72 

Metric 56 6483.3 6605.8 134.78    

Scalar 56 6477.3 6599.8 128.80 −5.97 0 note a) 

Scalar 56 6477.3 6599.8 128.80    

Strict Factor 62 6475.1 6574.7 138.62 11.04 6 0.08 

Strict Error 55 6463.4 6589.7 112.91    

Strict Factor 62 6475.1 6574.7 138.62 22.96 7 < .001 

Note. a) No Value; df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = 

Bayesian Information Criterion; Pr (> X²) is probability of being greater than chi-square. 

Note. !CFI taken for measurement invariance. 
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Table G.27 

ANOVAs for Intervention and Control Group Measurement Invariance  (N = 340) 

Model df AIC BIC X² !X² !df Pr (> X²) 

Configural 40 6452.8 6636.6 86.53    

Constrained 63 6479.1 6574.8 158.81 62.67 23 < .001 

Metric 56 6476.4 6598.9 142.09    

Constrained 63 6479.1 6574.8 158.81 16.58 7 .02 

Metric 56 6476.4 6598.9 142.09    

Scalar 56 6479.1 6601.7 144.84 2.75 0 note a) 

Strict factor 62 6480.3 6579.8 158.04    

Scalar 56 6479.1 6601.7 144.84 16.47 6 .011 

Strict factor 62 6480.3 6579.8 158.04    

Strict error 55 6454.5 6580.8 118.16 26.69 7 < .001 

Note. a) No Value; df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = 

Bayesian Information Criterion; Pr (> X²) is probability of being greater than chi-square. 

Note. !CFI taken for measurement invariance. 
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Table G.28 

ANOVAs for Gender Group Measurement Invariance (N = 340) 

Model df AIC BIC X² !X² !df Pr (> X²) 

Configural 40 6476.4 6660.2 98.76   
 

Constrained 63 6475.3 6571.0 143.67 40.99 23 < .001 

Constrained  6475.3 6571.0 143.67    

Metric  6472.4 6594.9 126.75 18.58 7 0.009 

Metric 56 6472.4 6594.9 126.75    

Scalar 56 6486.6 6591.1 123.02 −3.73  note a) 

Scalar 56 6468.6 6591.5 123.02    

Strict Factor 62 6469.4 6568.9 135.78 12.37 6 0.05 

Strict Factor 62 6469.4 6568.9 135.78    

Strict Error 55 6486.2 6612.6 138.61 −1.68 7 1.0 

Note. a) No Value; df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = 

Bayesian Information Criterion; Pr (> X²) is probability of being greater than chi-square. 

Note. !CFI taken for measurement invariance. 

 

  



323 

 

Answering the Research Questions  
 

Research Question 1: Does an intervention, which uses retrieval practice to teach the testing 

effect, whilst children are practising tests, reduce the worry or cognitive element of test 

anxiety in 10 -to 11- year -olds? 

 

Table G.29 

Levene’s Test for Homogeneity of Variance for the Adapted Thoughts’ Subscale 

 

Timepoint F df1 df2 p 

Pre 0.24 1 168 0.62 

Post 0.64 1 168 0.42 

 
 
Main analyses: Mixed 2 x 2 Factorial ANOVA (Timepoint and Group) 
 
Table G.30 

Results for Within Subjects Effects Timepoint for the Adapted Thoughts’ Subscale (N = 340) 

Group Sum of 

Squares 

df Mean 

Square 

F p η² η²p 

Timepoint 

 

188.26 1 188.26 23.55 < .001 0.021 0.123 

Timepoint* 

Group 

 

4.03 1 4.03 0.504 .48  < .001 0.003 

Residuals 1343.21 168 11.088 7.99    

 

Note: Type III Sum of squares 
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Table G.31 

Results for Between Subjects Effects Group Intervention and Control (N =340) 

Group Sum of 

Squares 

df Mean 

Square 

F p η² η²p 

Group 34.94 1 34.94 0.79 .38 0.004 0.005 

Residuals 7419.00 168 44.16     

Note. Type III Sum of squares. 

 

 

Table G.32 

Group Descriptive Statistics for the ANOVA (RQ1) (N = 340) 

 

Timepoint Group N M SD SE 

Pre Intervention 85 16.97 4.90 0.53 

Pre Control 85 17.39 5.13 0.56 

Post Intervention 85 15.26 5.16 0.56 

Post Control 85 16.12 5.23 0.57 
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Latent Means Analyses 
 

Table G.33 

Latent Means’ Fit Statistics of Adapted Thoughts’ Subscale Across the Timepoints Pre and 

Post for the pre-test and post-test Intervention Groups (n = 170) 

Model X² df CFI TLI RMSEA SRMR 

Equal means 87.19 64 0.95 0.94 0.07 0.10 

Unequal means 82.07 63 0.96 0.95 0.06 0.08 

Note. ChiSq = chi-square value, df = Degrees of Freedom; CFI comparative fit indices; TLI 

= Tucker-Lewis Index; RMSEA = root mean square error of approximation; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 

Table G.34 

Latent Means’ ANOVA for Adapted Thoughts’ Subscale Across the Timepoints Pre and Post 

for the pre-test and post-test Intervention Groups (n = 170) 

Model df AIC BIC X² !X² !df Pr (> X² ) 

Equal Means 64 3073.2 3148.5 95.55 6.09 1 .0136 

Unequal Means 63 3069.9 3148.3 90.22    

Note. Note. df = Degrees of Freedom; AIC = Akaike information criterion; BIC = Bayesian 

information criterion; Pr (> X²) is probability of being greater than chi-square. 
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Table G.35 

Latent Means’ Fit Statistics for Adapted Thoughts’ Subscale Across the Timepoints Pre and 

Post for the pre-test and post-test Control Groups (n = 170) 

Model X² df CFI TLI RMSEA SRMR 

Equal means 89.74 64 0.93 0.94 0.07 0.12 

Unequal means 87.42 63 0.93 0.94 0.07 0.11 

Note. Children’s Test Anxiety Scale Data 

Note. ChiSq = chi-square value, df = Degrees of Freedom; CFI comparative fit indices; TLI 

= Tucker-Lewis Index; RMSEA = root mean square error of approximation; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 

 
Table G.36 

Latent Means’ ANOVA for the Adapted Thoughts’ Subscale Across the Timepoints Pre and 

Post for the pre-test and post-test Control Groups (n = 170) 

Model                       df             AIC             BIC             X²           !X²       !df       Pr (> X²) 

 

Equal Means 64 3379.6 3457.8 110.54 2.85 1 0.09 

Unequal Means 63 3379.4 3457.8 108.30    

Note. Note. df = Degrees of Freedom; AIC = Akaike information criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 
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Multilevel Linear Analysis 
 

Table G.37 

Models, Equations and Key Comparative Statistics for Multilevel Linear Model Analysis 

Model Equation 
Deviance 

2LL 

Intraclass 

Correlation 
!X² 

Step 1 

Variance Components 

Level 2 school random 

effect only. 

Uij = g00 + 

µ0j + eij. 

1034.08 0.11  

Step 2a 

Random Intercepts with 

Group as Level 1 predictor 

for fixed effects and 

School as a Level 2 

predictor for random effects 

Uij = g00 + 

µ0j + g10 

Group + eij   

 

1033.80 0.11 1df / .28 non-

significant 

change to step 

1 

Step 2b 

Random Intercepts with 

Group and pre-test centred 

mean as Level 1 predictors 

for fixed effects and  

School as a Level 2 

predictor for random effects 

Uij = g00 + 

µ0j + g10 

Group + g10 

Globcentpre 

+ eij   

 

927.56 0.05 1df / 106.24 

p < 0.01 highly 

significant 

change to step 

2a 
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Step 1 Results  

Table G.38 

Step 1 Information Criteria 

 

Information Criteria Value 

−2 Log Likelihood 1034.08 

Schwarz’s Bayesian Criterion (BIC) 1049.48 

 

Table G.39 

Step 1 Fixed Effects - Type III Tests of Fixed Effects 

Source Numerator df Denominator df F p 

Intercept 1 10.03 535.14 .000 

 

Table G.40 

Step 1 Estimates of Fixed Effects 

Parameter Estimate SE df t p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Intercept 15.35 0.66 10.03 23.13 .000 13.87 16.83 
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Table G.41 

Step 1 Estimates of Covariance Parameters 

Parameter Estimate SE Wald Z p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Residual 24.02 2.69 8.92 .000 19.28 29.91 

Intercept 

SchID = 

Variance 

3.00 2.06 1.45 .15 .78 11.55 

       

 

 
Step 2a Results 
 

Table G.42 

Step 2a Information Criteria 

 

Information Criteria Value 

−2 Log Likelihood 1033.80 

Schwarz’s Bayesian Criterion (BIC) 1054.34 

 

 

Table G.43 

Step 2a Fixed Effects - Type III Tests of Fixed Effects 

Source Numerator df Denominator df F p 

Intercept 1 10.36 285.01 .000 

Group 1 9.78 0.29 .605 
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Table G.44 

Step 2a Estimates of Fixed Effects 

Parameter Estimate SE df t p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Intercept 15.04 0.89 10.36 16.88 .000 13.06 17.01 

Group 0.70 1.31 9.78 0.53 .605 −2.23 3.62 

 

 

Table G.45 

Step 2a Estimates of Covariance Parameters 

Parameter Estimate SE Wald Z p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Residual 24.03 2.69 8.92 .000 19.28 29.93 

Intercept 

SchID = 

Variance 

2.84 2.00 1.41 .157 0.71 11.36 

       

 

 

Step 2b 
 
Table G.46 

Step 2b Information Criteria 

Information Criteria Value 

−2 Log Likelihood 927.56 

Schwarz’s Bayesian Criterion (BIC) 953.24 
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Table G.47 

Step 2b Fixed Effects - Type III Tests of Fixed Effects 

Source Numerator df Denominator df F p 

Intercept 1 9.49 864.14 .000 

Group 1 8.45 0.225 .647 

Pre-test Centred Mean 1 169.80 149.88 .000 

 

Table G.48 

Step 2b Estimates of Fixed Effects 

Parameter Estimate SE df t p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Intercept 15.37 .52 9.49 29.40 .000 14.20 16.54 

Group 0.36 .76 8.45 .475 .647 −1.38 2.10 

Pre-test 

Centred 

Mean 

0.70 .58 169.80 12.24 .00 0.59 0.82 

        

 

Table G.49 

Step 2b Estimates of Covariance Parameters 

Parameter Estimate SE Wald Z p 
95% CI 

Lower Bound 

95% CI 

Upper Bound 

Residual 13.24 1.49 8.90 .000 10.63 16.51 

Intercept 

SchID = 

Variance 

 

0.64 0.71 0.90 .367 0.73 5.58 
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Research Question 4 : Is there a significant difference between the groups in the 

intervention group where the researcher delivered the intervention? 

 
Table G.50 

Levene’s Test for Homogeneity of Variance for the Experimenter Effect / Fidelity Treatment; 

researcher groups vs teacher groups 

Timepoint F df1 df2 p 

Pre 0.20 1 60 .65 

Post 0.03 1 60 .87 

 
 
 
Mixed 2 x 2 Factorial ANOVA For Experimenter Bias, Fidelity. 
 

Table G.51 

Results for Within Subjects Effects for Timepoint for the Researcher Vs Teacher Groups 

Using the Adapted Thoughts’ Subscale to Measure Test Anxiety (N = 62) 

Cases 
Sum of 

Squares 
df 

Mean 

Square 
F p η² η²p 

Timepoint 105.03 1 105.03 3.52 .07 0.014 0.06 

Timepoint* 

Group 

 

5.16 1 5.16 0.17 .68 < .001 0.003 

Residuals 1789.68 60 29.83     

Note. Type III Sum of squares. 
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Table G.52 

Results for Between Subjects Effects for Timepoint for the Researcher Vs Teacher Groups 

Using the Adapted Thoughts’ Subscale to Measure Test Anxiety (N = 62)   

Cases 
Sum of 

Squares 
df 

Mean 

Square 
F p η² η²p 

ID 0.32 1 0.32 0.003 .954 4.17 e−5 5.53 e−5 

Residuals 5835.62 60 97.26     

Note. Type III Sum of squares. 

 
 
 
Table G.53 

Descriptive Statistics for Research Question 4 (N = 62) 

Timepoint ID Mean SD N 

Level 1 (Post-test) Researcher 27.66 9.11 32 

 Teacher 28.17 8.07 30 

Level 2 (Pre-test) Researcher 29.91 7.17 32 

 Teacher 29.60 7.36 30 
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Research Question 5:  The Covid SARS – COV 2 Question. Is There a Difference in 

Feelings of Test Anxiety Between Students Who Sit High Stakes’ Paper Tests or Online 

Tests?  

Table G.54 

Levene’s Test for Homogeneity of Variance for Paper Vs Online High Stakes’ Tests 

Timepoint F df1 p 

Pre 0.60 1 .44 

Post 1.62 1 .21 

 

Table G.55 

Independent Samples T Test – Test Anxiety with High Stakes’ Paper Tests vs Online Tests (N 

= 51) 

Timepoint t df p Cohen’s d 

Pre .60 49 .55 0.17 

Post .38 49 .71 0.11 

Note. Student’s t-test. 

Table G.56 

Descriptive Statistics for Independent T Test – Test Anxiety with High Stakes’ Tests vs Online 

Tests (N =51) 

Timepoint Group N Mean SD SE 

Pre online 30 17.83 5.43 0.99 

 paper 21 16.95 4.72 1.03 

Post online 30 17.37 5.60 1.02 

 paper 21 16.81 4.59 1.00 
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Research Question 2b  
 

Table G.57 

Multi Indicators Multiple Causes (MIMIC Models) 

Model and Covariate Estimate SE z p 

1.Intervention pre-test with SETT pre-test -0.04 0.02 -2.54 .01 

2. Intervention pre-test with LSETT pre-test  0.07 0.02  2.76 .006 

3. Control pre-test with SETT pre-test -0.001 0.002 -4.08 .68 

4. Control pre-test with LSETT pre-test  0.002 0.006  0.39 .69 

5. Intervention post-test with SETT post-test -0.04 0.02 -2.09 .04 

6. Intervention post-test with LSETT post-test  0.12 0.04  3.25 .001 

7. Control post-test with SETT post-test -0.01 0.023 1.19 .29 

8. Control post-test with LSETT post-test  0.022 0.05  0.43 .24 

9. Intervention post-test with SETT pre-test             -0.04 0.02 -2.12 .03 

10. Intervention post-test with LSETT pre-test 0.10 0.03 3.24 .001 

11. Control post-test with SETT pre-test 0.008 0.01 0.58 .56 

12. Control post-test with LSETT pre-test 0.01 0.02 0.52 .10 
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Figure G.17 

Intervention, Pre-test with Self-efficacy in Test Taking Sum Score as Covariate 

 

Figure G.18 

Intervention Pre-test with Little Self-efficacy in Test Taking Sum Score as Covariate 
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Figure G.19 

Control, Pre-test with Self-efficacy in Test Taking Sum Score as Covariate 

 

Figure G.20  

Control, Pre-test with Little Self-efficacy in Test Taking Sum Score as Covariate 
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Figure G.21 

Intervention post-test with Self-efficacy in Test Taking Post-test Sum Score as Covariate 

 

Figure G.22 

Intervention post-test, Little Self-efficacy in Test Taking Post-test Sum Score as Covariate 
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Figure G.23 

Control, Post-test with Self-efficacy in Test Taking Sum Score as Covariate 

 

Figure G.24 

Control, Post-test with Little Self-efficacy in Test Taking Sum Score as Covariate 
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Figure G.25 

Intervention post-test with Self-efficacy in Test Taking Pre-test Sum Score as Covariate 

 

Figure G.26 

Intervention post-test with Little Self-efficacy in Test Taking Pre-test Sum Score as Covariate 
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Figure G.27 

Control post-test with Self-efficacy in Test Taking Pre-test Sum Score as Covariate 

 

Figure G.28 

Control post-test with Little Self-efficacy in Test Taking Pre-test Sum Score as Covariate 
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Appendix H 

Results of the Self-efficacy in Test Taking Instrument 

Descriptive Statistics 

Table H.1 

Means, Standard Deviations, Skew and Kurtosis for the Self-efficacy in Test Taking 

Instrument with the Pre-test, Intervention Group (n = 59) 

Question M SD Skew Kurtosis SE 

 

Q1 test hard - keep try 3.15 0.89 −0.44 −1.26 0.12 

Q2 test hard - confident 2.58 0.83 0.20 −0.72 0.11 

Q3 badly - positive 2.32 0.82 0.29 −0.44 0.11 

Q4 test hard - not pass 2.27 0.96 0.37 −0.84 0.13 

Q5 take test - anxious instructor 1.69 1.04 1.16 −0.10 0.14 

Q6 take test - anxious room 1.69 0.84 0.95 0.02 0.11 

Q7 test hard - negative thought 2.31 1.05 0.08 −1.31 0.14 

Q8 test hard - doubt pass 2.20 0.98 0.25 −1.06 0.13 

Q9 test-panic if others finish 2.63 1.19 −0.12 −1.54 0.15 

Q10 concentrate -even difficult 2.63 0.93 0.02 −0.97 0.12 

Q11 enjoy tests 2.29 1.08 0.30 −1.22 0.14 

Q12 cheerful when test hard 2.98 0.92 −0.36 −1.01 0.12 

Q13 manage even when unwell 2.34 0.98 0.28 −0.94 0.13 

Q14 test difficult -not end of world 3.15 0.89 −0.73 −0.40 0.12 

Q15 do not worry about tests 2.37 1.00 0.24 −1.03 0.13 
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Table H.2 

Means, Standard Deviations, Skew and Kurtosis for Self-efficacy in Test Taking Instrument 

with the Post-test, Intervention Group (n = 59) 

Question M SD Skew Kurtosis SE 

 

Q1 test hard - keep try 3.34 0.76 −0.63 −1.03 0.10 

Q2 test hard - confident 2.71 0.83 0.03 −0.81 0.11 

Q3 badly - positive 2.51 0.97 0.09 −1.03 0.13 

Q4 test hard - not pass 2.00 0.87 0.62 −0.29 0.11 

Q5 take test - anxious instructor 1.39 0.72 2.02 3.89 0.09 

Q6 take test - anxious room 1.41 0.65 1.66 2.95 0.08 

Q7 test hard - negative thought 1.95 0.86 0.90 0.39 0.11 

Q8 test hard - doubt pass 2.00 0.85 0.66 −0.09 0.11 

Q9 test-panic if others finish 2.14 1.07 0.47 −1.09 0.14 

Q10 concentrate -even difficult 2.75 1.03 −0.24 −1.15 0.13 

Q11 enjoy tests 2.27 1.03 0.38 −1.02 0.13 

Q12 cheerful when test hard 3.14 0.84 −0.59 −0.52 0.11 

Q13 manage even when unwell 2.42 1.04 0.02 −1.22 0.14 

Q14 test difficult -not end of world 3.25 0.88 −0.95 −0.03 0.11 

Q15 do not worry about tests 2.41 1.02 0.39 −0.66 0.13 
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Table H.3 

Means, Standard Deviations, Skew and Kurtosis for Self-efficacy in Test Taking Instrument 

with the Pre-test, Control Group (n = 86) 

Question M SD Skew Kurtosis SE 

 

Q1 test hard - keep try 3.25 0.76 −0.68 −0.23 0.10 

Q2 test hard - confident 2.37 0.85 0.56 −0.39 0.11 

Q3 badly - positive 2.29 0.85 0.09 −0.75 0.11 

Q4 test hard - not pass 2.07 0.87 0.65 −0.14 0.11 

Q5 take test - anxious instructor 1.71 0.95 1.18 0.34 0.12 

Q6 take test - anxious room 1.41 0.67 1.67 2.59 0.09 

Q7 test hard - negative thought 2.05 0.99 0.63 −0.66 0.13 

Q8 test hard - doubt pass 2.15 0.87 0.49 −0.38 0.11 

Q9 test-panic if others finish 2.05 0.94 0.40 −0.92 0.12 

Q10 concentrate - even difficult 2.78 0.85 −0.07 −0.87 0.11 

Q11 enjoy tests 1.85 0.98 0.95 −0.17 0.13 

Q12 cheerful when test hard 3.00 0.91 −0.27 −1.22 0.12 

Q13 manage even when unwell 2.49 0.92 0.22 −0.86 0.12 

Q14 test difficult -not end of world 3.20 1.01 −0.99 −0.29 0.13 

Q15 do not worry about tests 2.68 1.01 −0.13 −1.14 0.13 
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Table H.4 

Means, Standard Deviations, Skew and Kurtosis for Self-efficacy in Test Taking Instrument 

with the Post-test, Control Group (n = 86) 

Question M SD Skew Kurtosis SE 

 
Q1 test hard - keep try 3.45 0.82 −1.36 0.95 0.09 

Q2 test hard - confident 2.66 0.94 0.12 −1.10 0.10 

Q3 badly - positive 2.67 0.96 −0.03 −1.08 0.10 

Q4 test hard - not pass 1.93 0.79 0.82 0.58 0.09 

Q5 take test - anxious instructor 1.56 0.94 1.64 1.51 0.10 

Q6 take test - anxious room 1.55 0.82 1.49 1.54 0.09 

Q7 test hard - negative thought 2.02 1.06 0.71 −0.77 0.11 

Q8 test hard - doubt pass 2.03 0.86 0.70 0.00 0.09 

Q9 test-panic if others finish 2.06 1.10 0.57 −1.07 0.12 

Q10 concentrate - even difficult 2.88 0.91 −0.23 −1.00 0.10 

Q11 enjoy tests 1.78 0.94 1.12 0.35 0.10 

Q12 cheerful when test hard 3.16 0.93 −0.58 −1.04 0.10 

Q13 manage even when unwell 2.64 1.02 −0.04 −1.18 0.11 

Q14 test difficult -not end of world 3.29 0.93 −0.94 −0.42 0.10 

Q15 do not worry about tests 2.48 1.16 −1.47 −1.47 0.12 
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Figure H.1 

Individual Histograms of Each Item on the Self-efficacy in Test Taking Questionnaire -Pre 

 
 
 

Figure H.2 

Individual Histograms of Each Item on the Self-efficacy in Test Taking Questionnaire -Post 
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Assumptions 
 

Violin Plots: Response Frequencies for Self-efficacy in Test Taking Instrument Pre-test and 

Post-test, Intervention and Control Groups – Items Q5 and Q6 Removed.  

Figure H.3 

Self-efficacy in Test Taking Intervention Group Pre-test, n = 59 

 
Figure H.4 

Self-efficacy in Test Taking Intervention Group Post-test, n = 59 
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Figure H.5 

Self-efficacy in Test Taking Control Group Pre-test, n = 86 

 
 

 

Figure H.6 

Self-efficacy in Test Taking Control Group Post-test, n = 86 
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Figure H.7 

Little Self-efficacy in Test Taking Intervention Group Pre-test, n = 59 

 

 
 

 

Figure H.8 

Little Self-efficacy in Test Taking Intervention Group Post-test, n = 59 
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Figure H.9 

Little Self-efficacy in Test Taking Control Group Pre-test, n = 86 

 
 

Figure H.10 

Little Self-efficacy in Test Taking Control Group Post-test, n = 86 
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Exploratory Factor Analysis 

Assumptions 
 

Table H.5 

Shapiro-Wilk Test for Normality of Distribution for Pre and Post Timepoints and 

Intervention and Control Group with the Self-efficacy Data (N = 290) 

Timepoint   Group 
Shapiro-Wilk 

Statistic p 

Pre-test  intervention 0.87 < .001 

 control 0.86 < .001 

Post-test  intervention 0.87 < .001 

 control 0.85 < .001 

 

 

Table H.6 

Kaiser-Meyer-Olkin Measures of Sampling Adequacy for the Self-efficacy Instrument (N = 

290) 

Timepoint   
Self-Efficacy 

Intervention Control 

 

Pre 0.54 0.80 

Post 0.70 0.78 
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Table H.7 

Bartlett’s Test for Sphericity for the Self-efficacy Instrument (N = 290) 

 

Timepoint  Group Instrument X² df p 

Pre-test Intervention Self-efficacy 262.88 105 < .001 

 Control Self-efficacy 341.94 105 < .001  

Post-test Intervention Self-efficacy 282.49 105 < .001 

 Control Self-efficacy 390.25 105 < .001 

 

Correlations 

Table H.8 

Determinant Matrix Values for the Self-efficacy in Test Taking at Pre-test and Post-test with 

the Intervention and Control Groups. (N = 290) 

 

Timepoint Group R 

Pre-test Intervention 0.00647 

 Control 0.01331 

Post-test Intervention 0.00432 

 Control 0.00723 
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Confirmatory Factor Analysis 

Table H.9 

Shapiro-Wilk Test for Normality of Distribution for Pre and Post Timepoints and 

Intervention and Control Group for the Self-efficacy in Test Taking Instrument (N = 290) 

 

Timepoint Group 
Shapiro-Wilk 

Statistic p 

Pre-test  Intervention 0.87 < .001 

 Control 0.87 < .001 

Post-test  Intervention 0.87 < .001 

 Control 0.85 < .001 
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Correlation Matrices for the Self-efficacy in Test Taking Instrument, X = Significant Value 

Figure H.11 

Self-efficacy in Test Taking Intervention Pre-test, n = 59 
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Figure H.12 

Self-efficacy in Test Taking Intervention Post-test, n = 59 
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Figure H.13 

Self-efficacy in Test Taking Control Pre-test, n = 86 
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Figure H.14 

Self-efficacy in Test Taking Control Post-test, n = 86 
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Figure H.15 

Correlations for the Self-efficacy in Test Taking Instrument with the Pre-test Intervention Group, n = 59 
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Figure H.16 

Correlations for the Self-efficacy in Test Taking Instrument with the Post-test Intervention Group, n = 59 
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Figure H.17 

Correlations for the Self-efficacy in Test Taking Instrument with the Pre-test Control Group, n = 86 
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Figure H.18 

Correlations for the Self-efficacy Instrument with the Post-test Control Group, n = 86 
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Exploratory Factor Analysis 

Table H.10 

Factor loadings of items onto one and two factor models for groups and timepoints for the 

self-efficacy data. (N = 290) 

Item     Conditions 
 1 2 3 4 5 6 7 8 

 
Q1 −0.50 −0.32 / 0.30 0.44 0.60/0.26 0.36 −0.24/0.26 0.51 0.65 

Q2 −0.40 −0.31/0.15 0.55 0.67/0.16 0.63 −0.28/0.63 0.56 0.63 

Q3 −0.26 / 0.33 0.55 0.63/0.14 0.58 −0.13/0.73 0.44 0.66 / 0.18 

Q4 0.52 0.68 / 0.19 −0.34 −0.45/0.20 −0.67 0.59/−0.37 −0.63 /0.71 

Q5 0.48 0.48 / −0.35 0.17/1.05 −0.49 0.59/−0.10 −0.15 /0.27 

Q6 0.34 0.17 / −0.28 −0.19 0.21/0.72 −0.37 0.29/−0.23 −0.46 /0.45 

Q7 0.52 0.68/0.15 −0.64 −0.62 −0.44 0.58/0.00 −0.45 /0.52 

Q8 0.72 0.76/ −0.56 −0.49/0.13 −0.71 0.66/−0.36 −0.59 /0.86 

Q9 0.64 0.52/−0.23 −0.41 −0.25/0.32 −0.55 0.60/−0.18 −0.60 /0.46 

Q10 0.02 0.42/0.61 0.56 0.50/−0.11 0.47 −0.30/0.35 0.59 −0.21/−0.15 

Q11 −0.28 /0.63 0.55 0.59 0.51 /0.70 0.40 0.52/0.13 

Q12 −0.31 /0.45 0.54 0.42/−0.21 0.45 −0.13/0.51 0.76 0.56/−0.28 

Q13 −0.40 /0.75 0.49 0.46 0.40 −0.25/0.31 0.38 0.56/ 

Q14 −0.34 −0.16 / 0.31 0.43 0.27/−0.31 0.44 −0.17/0.45 0.61 0.51/ 

Q15 −0.12 /0.12 0.40 0.29/−0.20 0.43 0.13/−0.48 0.28 0.28 

Note. Conditions 

Intervention Group (n = 59) Control Group (n = 85) 

1= Pre-test x1 factor  

2 = Pre-test x2 factors  

3 = Post-test x1 factor  

4 = Post-test x2 factors  

5 = Pre-test x1 factor  

6 = Pre-test x2 factors  

7 = Post-test x1 factor  

8 = Post-test x2 factors  
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Measurement Invariance for the Self-efficacy in Test Taking Instrument Subscales: 

SETT (Self-efficacy in Test Taking) and LSETT (Little Self-efficacy in Test Taking) 

Table H.11 

Measurement Invariance for the Self-efficacy Test-Taking Subscale SETT Across Timepoint 

Pre-test and Post-test. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 72.46 54 .02 0.05 0.95  0.94 0.05 

Fully- 
constrained 

Equal 99.30 80 .07 0.04 0.95 0.00 0.96 0.07 

Note. X² = chi-square value, df = Degrees of Freedom; RMSEA = root mean square error of 

approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula 

 
Table H.12 

ANOVA Between the Configural and Fully Constrained Models for the SETT subscale Across 

Timepoint, Pre-test and Post-test. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural 54 6798.6 6996.7 79.09    

Fully- 
constrained 

80 6770.2 6872.9 102.70 25.79 26 0.47 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

 

This non-significant result indicates that the configural and constrained (SETT, Self-

efficacy in Test Taking subscale) models are the same for the timepoint groups and therefore 

there was no further need to test the model for metric or scalar invariance across timepoint 

group as the null hypothesis that the models are the same is not rejected.  
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Table H.13 

Measurement Invariance for the Self-efficacy Test-Taking Subscale SETT Across Intervention 

and Control Groups. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 68.66 54 0.09 0.05 0.96  0.95 0.05 

Fully-
constrained 
 

Equal 119.72 80 0.003 0.04 0.90 0.06 0.91 0.09 

Metric Loadings 104.20 72 0.008 0.06 0.92 0.02 0.92 0.06 

Partial  
Metric 
(Q11) 
 

Loadings 84.37 71 0.13 0.04 0.96 0.04 0.96 0.06 

Scalar    0.008 0.04 0.96 0.00 0.96 0.08 

Note. ChiSq= chi-square value, df = Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; 

SRMR=Standardised Root Mean Square Residual using Bentler’s formula. 

 

Measurement invariance for the intervention and control groups holds from partial 

metric, controlling for Question 11, to scalar as the !CFI is 0.00 from partial metric to scalar. 
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Table H.14 

ANOVA Between the Configural and Constrained Models for the SETT subscale Across 

Intervention and Control Groups. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural 54 6778.6 6976.8 75.20    

Constrained 80 6772.8 6875.6 121.44   54.62 26 < .001 

Metric 72 6775.9 6908.0 108.54 16.78 8 .03 

Partial Metric  71 6758.7 6894.5 89.31  1 No value 

Scalar 72 6760.9 6893.0 93.53  1 No value 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

Table H.15 

Measurement Invariance for the Self-efficacy Test-Taking Subscale SETT Across Gender 

Groups. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 86.21 54 .003 0.06 0.92  0.90 0.06 

Fully-
constrained 

Equal 135.07 80  .00 0.07 0.87 0.05 0.88 0.09 

Metric Loadings 119.16 72 .00 0.07 0.89 0.02 0.89 0.07 

Partial 
Metric 

Loadings, 
Controlling 
for Q10 

118.32 71 .00 0.07 0.89 0.00 0.88 0.07 

Scalar  115.53 72 .00 0.07 0.89 0.00 0.89 0.08 

Note. ChiSq= chi-square value, df = Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI = comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 
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Table H.16 

ANOVA Between the Configural and Constrained for the SETT Subscale Across Gender 

Groups. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural 54 6722.7 6920.5 91.66    

Constrained 80 6721.9 6824.5 142.90 48.93 26 < .001 

Metric 72 6721.9 6853.7 126.84 16.06 8 .04 

Partial Metric 
Q10 

71 6723.0 6858.5 125.93 0.84 1 .36 

Scalar 72 6719.6 6851.4 124.52 0.69 1 1 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

 
Table H.17 

Measurement Invariance for the Little Self-efficacy in Test-Taking Subscale Across 

Timepoint, Pre-test and Post-test. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 1.03 4 .90 0.00 1.00  1.05 0.007 

Fully-
constrained 

Equal 10.28 15 .80 0.00 1.00 0.00 1.08 0.07 

Note. ChiSq= chi-square value, df = Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI = comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula  
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Table H.18 

ANOVA Between the Configural and Fully Constrained Models for the LSETT Subscale 

Across Timepoint Pre-test and Post-test. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural 4 3042.1 3130.2 1.03    

Fully-
Constrained 

15 3030.2 3078.0 11.18 9.07 11 .62 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

 

The non-significant result indicates that the configural and constrained (LSETT, Little 

Self-efficacy in Test Taking) models are the same and therefore there was no further need to 

test the model for metric or scalar, or strict factorial and error invariance across timepoint 

groups as the null hypothesis that the models are the same is not rejected.  
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Table H.19 

Measurement Invariance for the Little Self-efficacy Test-Taking Subscale Across Intervention 

and Control Groups. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 3.10 4 .54 0.00 1.00  1.01 0.02 

Fully-
constrained 

Equal 26.56 15 .03 0.08 0.95 0.05 0.96 0.06 

Metric Loadings 23.99 12 .02 0.09 0.94 0.01 0.94 0.06 

Note. ChiSq= chi-square value, df = Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 

Measurement invariance holds across the constrained to metric models as !CFI is < 

0.01 across the intervention and control groups at these stages.  

 
Table H.20 

ANOVA Between the Configural and Fully Constrained Models for the LSETT subscale 

Across Intervention and Control Groups. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural 4 3031.1 3119.2 3.24    

Constrained 15 3034.6 3082.3 28.71 23.26 11 .02 

Metric 12 3040.3 3099.0 28.42 0.29 3 .93 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

  



TESTING EFFECT TO REDUCE TEST ANXIETY 369 

Table H.21 

ANOVA Between the Constrained and Metric Models for the LSETT subscale Across 

Intervention and Control Groups. (N = 290)  

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Metric 12 3040.3 3099.0 28.42    

Constrained 15 3034.6 3082.3 28.72 0.44 3 .93 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

The significant value between constrained and configural indicates that the null 

hypothesis that both models are the same is rejected and the model is tested for metric and 

scalar measurement invariance. Measurement invariance holds from the constrained through 

to metric models.  

Table H.22 

Measurement Invariance for the Little Self-efficacy Test-Taking Subscale Across Gender 

Groups. (N = 290) 

Model Equal X² df p RMSEA CFI !CFI TLI SRMR 

Configural Pattern 3.37 4 .50 0.00 1.00  1.00 0.02 

Fully-
constrained 

Equal 17.28 15 .30 0.03 0.99 0.01 0.99 0.09 

Note. ChiSq= chi-square value, df = Degrees of Freedom; RMSEA = root mean square error 

of approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

Measurement invariance holds across the configural to constrained models at these 

stages for gender groups as !CFI does not exceed < 0.01. 
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Table H.23 

ANOVA Between the Configural and Fully Constrained Models for the LSETT subscale 

Across Gender Groups. (N = 290) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Configural  4 3018.8 3106.7 3.25    

Constrained 15 3011.5 3059.1 17.95 13.79 11 .25 

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 

Note. !CFI taken for measurement invariance 

 

ANOVA tables have been provided for all measurement invariance calculations 

across stages for the Self-efficacy in Test Taking subscale and for Non-Self-efficacy in Test 

Taking subscale.  

 

Research Question 2a: Does the intervention increase feelings of self-efficacy in test 

taking in 10-to-11-year-olds? 

 
Assumptions for the Self-efficacy in Test Taking Subscale 
 
Table H.24 

Levene’s Test for Homogeneity of Variance - Self-efficacy in Test Taking 

Timepoint F df1 df2 p 

Pre 1.45 1 143 .23 

Post 0.05 1 143 .83 
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Mixed 2 x 2 Factorial ANOVA for the Self-efficacy in Test Taking Instrument 
 
Table H.25 

Results for Within Subjects Effects for Timepoint for the Self-efficacy in Test Taking 

Instrument (N = 290) 

Group Sum of 
Squares 

df Mean 
Square 

F p η² η²p 

Timepoint 49.11 1 49.11 5.25 .02 0.007 0.04 

Timepoint*Group  1.15 1 1.15 0.12 .73 < .001 < .001 

Residuals 1336.83 143 9.35     

Note: Type III Sum of squares 
 
 
Table H.26 

Results for Between Subjects Effects for Group for the Self-efficacy in Test Taking Instrument 

(N = 290) 

Group Sum of 
Squares 

df Mean 
Square 

F p η² η²p 

Group 9.69 1 9.69 0.24 .62 0.001 0.002 

Residuals 5722.73 143 40.02     

Note: Type III Sum of squares 
 

Table H.27 

Descriptive Statistics for the Groups for the Self-Efficacy in Test Taking Instrument (N =290) 

Timepoint Group Mean SD N 

Pre-test Intervention 23.81 4.32 59 

 Control 24.31 5.06 86 

Post-test Intervention 24.78 4.99 59 

 Control 24.78 5.26 86 
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Latent Means Analyses 

 
Table H.28  

Latent Means Fit Statistics of Self-efficacy in Test Taking Subscale Across the Timepoints Pre 

and Post for Intervention (n = 118) 

Model X² df CFI TLI RMSEA SRMR 

Equal means 79.06 81 1.00 1.00 0.00 0.10 

Unequal means 77.44 80 1.00 1.02 0.00 0.10 

Note. X² = chi-square value, df = Degrees of Freedom; RMSEA = root mean square error of 

approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 
 
Table H.29 

Latent Means’ANOVA for Self-efficacy in Test Taking Across the Timepoints Pre and Post 

Intervention Groups ( n=118) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Equal Means 81 2751.5 2826.3 82.18 1.96 1 .16 

Unequal Means 80 2752.1 2829.7 80.83    

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 
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Table H.30 

Latent Means’ Fit Statistics of Self-efficacy in Test Taking Subscale Across the Timepoints 

Pre and Post Control Groups ( n =172). 

Model X² df CFI TLI RMSEA SRMR 

Equal means 92.90 81 0.95 0.96 0.04 0.08 

Unequal means 91.33 80 0.95 0.96 0.04 0.08 

Note. ChiSq = chi-square value, df = Degrees of Freedom; CFI comparative fit indices; TLI 

= Tucker-Lewis Index; RMSEA = root mean square error of approximation; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 
 
Table H.31 

Latent Means’ ANOVA for the Self-efficacy in Test Taking Subscale Across the Timepoints 

Pre and Post for Control Groups ( n=172) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Equal Means 81 4027.1 4112.1 93.69 1.65 1 .20 

Unequal Means 80 4027.7 4115.8 92.29    

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 
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Mixed 2 x 2 Factorial ANOVA With Little Self-efficacy (LSETT) Scale  
 
Assumptions 

Table H.32 

Levene’s Test for Homogeneity of Variance - Little Self-efficacy in Test Taking 

Timepoint F df1 df2 p 

Pre 0.83 1 143 .36 

Post 0.25 1 143 .62 

 

Table H.33 

Results for Within Subjects Effects for Timepoint for the Little Self-efficacy in Test Taking 

Instrument (N = 290) 

Group Sum of Squares df Mean Square F p η² η²p 

Timepoint 54.44 1 54.44 18.19 < .001 0.02 0.11 

Timepoint* 
Group 

13.56 1 13.56 4.53 .04 0.00 0.03 

Residuals 1159.78 143 9.998     

Note: Type III Sum of squares 
 
Table H.34 

Results for Between Subjects Effects for Group for the Little Self-efficacy in Test Taking 

Instrument (N = 290) 

Group Sum of Squares df Mean Square F p η² η²p 

Group 16.01 1 16.01 1.13 .29 0.006 0.008 

Residuals 2016.07 143 14.10     

Note: Type III Sum of squares 
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Table H.35 

Descriptive Statistics for the Groups for the Little Self-Efficacy in Test Taking Instrument (N 

= 290) 

Timepoint Group Mean SD N 

 Pre-test Intervention 9.41 4.32 59 

 Control 8.49 5.01 86 

 Post-test Intervention 8.09 4.99 59 

 Control 8.05 5.17 86 

 
 

Table H.36 

Post Hoc Test for Little Self-efficacy Subscale (N = 290) 

Group/  
Timepoint 

Group/  
Timepoint 

Mean 
Difference 

SE t p Tukey 

intervention, pre control, pre 0.92 0.49 1.86  0.25 

 intervention, post 1.32 0.32 4.15 < .001 

 control, post 1.36 0.49 2.75  0.03 

control, pre intervention, post 0.40 0.49 0.82 0.85 

 control, post 0.44 0.26 1.68 0.34 

intervention, post control, post 0.04 0.49 0.07 1.00 

Note. p value adjusted for comparing a family of 6. Bold font indicates the significant value 

taken. 
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ANCOVA 

Table H.37 

Little Self-efficacy in Test Taking Levene’s Test – ANCOVA (N = 145) 

Timepoint F df1 df2 p 

Post 3.35 1 143 .07 

 
 

Table H.38 

Little Self-efficacy in Test Taking Subscale ANCOVA (N = 145) 

Cases Sum of 
Squares 

df Mean 
Square 

F p η² η²p 

Pre centred 467.09 1 467.09 105.74 < .001 0.43 0.43 

Group 8.63 1 8.63 1.95       .16 0.008   0.014 

Residuals 627.29 142 4.418     

Note: Type I Sum of squares. 
 
 
 

Table H.39 

Little Self-efficacy in Test Taking Subscale Marginal Means 

Group Marginal Mean 
95% Confidence 

SE t df p 
Lower Upper 

Intervention 7.76 7.22 8.31 0.28 28.19 142 < .001 

Control 8.23 7.82 8.72 0.23 36.31 142 < .001 

Note: Confidence refers to Confidence Interval for Mean Difference. 
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Latent Means Analyses 
 
Table H.40 

Latent Means’ Fit Statistics for Little Self-efficacy in Test Taking Subscale Across the 

Timepoints Pre and Post for the Intervention Group (n =118) 

Model X² df CFI TLI RMSEA SRMR 

Equal means 19.97 16 0.95 0.96 0.06 0.14 

Unequal means 14.70 15 1.00 1.00 0.00 0.10 

Note. X² = chi-square value, df = Degrees of Freedom; RMSEA = root mean square error of 

approximation; CFI comparative fit indices; TLI = Tucker-Lewis Index; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 
 

Table H.41 

Latent Means’ ANOVA for the Little Self-efficacy in Test Taking Subscale Across the 

Timepoints Pre and Post for the Intervention Group (n =118) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Equal Means 16 1253.0 1286.2 21.46 4.95 1 < .001 

Unequal Means 15 1250.0 1286.0 16.51    

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 
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Table H.42 

Latent Means’ Fit Statistics of Little Self-efficacy in Test Taking’ Subscale Across the 

Timepoints Pre and Post Control Group (N =172) 

Model X² df CFI TLI RMSEA SRMR 

Equal means 13.66 16 1.00 1.01 0.00 0.08 

Unequal means 12.23 15 1.00 1.01 0.00 0.08 

Note. X² = chi-square value, df = Degrees of Freedom; CFI comparative fit indices; TLI = 

Tucker-Lewis Index; RMSEA = root mean square error of approximation; SRMR = 

Standardised Root Mean Square Residual using Bentler’s formula. 

 
 

Table H.43 

Latent Means’ ANOVA for the Little Self-efficacy in Test Taking  Subscale Across the 

Timepoints Pre and Post for the Control Group ( N =172) 

Model df AIC BIC X² !X² !df Pr ( > X² ) 

Equal Means 16 1778.1 1815.9 14.37 1.45 1 .23 

Unequal Means 15 1778.7 1815.6 12.91    

Note. df = Degrees of Freedom; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; Pr (> X²) is probability of being greater than chi-square 
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Research Question 3: Do feelings of worry predict how well student self-efficacy 

changes in the intervention group? 

 
Mixed 2 x 2 Factorial ANOVAs For High Test Anxiety Students  

Assumptions 

Table H.44 

Levene’s Test for Homogeneity of Variance for High Test Anxiety Students Measured with the 

LSETT (Little Self-efficacy in Test Taking) Subscale 

Timepoint F df1 df2 p 

Pre 3.256 1 29 .08 

Post 1.697 1 29 .20 

 

 

Table H.45 

Results for Within Subjects Effects for Timepoint for the Little Self-efficacy in Test Taking 

Subscale with Students Who Are High in Test Anxiety (N = 31)   

Group Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Timepoint 4.759 1 4.759 2.068       .16 0.009 0.07 

Timepoint* 
Group 

12.824 1 12.824 5.573       .03 0.024 0.16 

Residuals 66.725 29 2.301     

Note: Type III Sum of squares 
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Table H.46 

Results for Between Subjects Effects for Group for the Little Self-efficacy in Test Taking 

Subscale with Students Who Are High in Test Anxiety (N = 31)  

Group 
Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Group 29.431 1 29.431 1.977 .17 0.05 0.06 

Residuals 431.666 29 14.885     

Note: Type III Sum of squares 
 

 

 

Table H.47 

Descriptive Statistics for the Groups for the Little Self-Efficacy in Test Taking Instrument 

with Students Who Are High in Test Anxiety (N = 31) 

Timepoint Group Mean SD N 

Level 1 (Pre-test) Intervention 9.94 3.56 17 

 Control 7.64 2.53 14 

Level 2 (Post-test) Intervention 8.47 3.04 17 

 Control 8.00 2.22 14 
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Post Hoc Test 

Table H.48 

Post hoc Test for the Interaction Between Group and Timepoint – Little Self-efficacy 

Subscale (N =31) 

Group/  
Timepoint 

Group/ 
Timepoint 

Mean 
Difference 

SE t  p Tukey 

intervention, pre control, pre 2.30 1.06 2.17  .15 

 intervention, post 1.47 0.52 2.83  .04 

 control, post 1.94 1.06 0.27  .30 

      
control, pre intervention, post −0.83 1.06 −0.78 .86 

 control, post −0.36 0.57 −0.62 .92 

      
intervention, post control, post 0.47 1.06 0.45 1.00 

Note. Bold font indicates the significant value taken. 

 

Mixed 2 x 2 ANOVA for Self-efficacy in Test Taking Subscale 

Assumptions 

Table H.49 

Levene’s Test for Homogeneity of Variance for High Test Anxiety Students Measured with the 

SETT ( Self-efficacy in Test Taking) Subscale 

Timepoint F df1 df2 p 

Pre 0.11 1 29 .74 

Post 0.95 1 29 .34 
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Table H.50 

Results for Within Subjects Effects for Timepoint for the Self-efficacy in Test Taking Subscale 

with Students Who Are High in Test Anxiety (N = 31)   

Group 
Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Timepoint 1.25 1 1.25 0.15 .70 < .01 0.005 

Timepoint* 
Group 

7.83 1 7.83 0.94 .34 .005 0.03 

Residuals 240.71 29 8.30     

Note: Type III Sum of squares 
 
 
Table H.51 

Results for Between Subjects Effects for Group for the Self-efficacy in Test Taking Subscale 

with Students Who Are High in Test Anxiety (N = 31)  

Group 
Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Group 268.91 1 268.91 7.36 .01 0.17 0.20 

Residuals 1059.19 29 36.52     

Note: Type III Sum of squares 
 
Table H.52  

Descriptive Statistics for the Groups for the Self-Efficacy in Test Taking Instrument with 

Students Who Are High in Test Anxiety (N = 31) 

Timepoint Group Mean SD N 

Level 1 (Pre-test) Intervention 21.53 4.74 17 

 Control 26.43 4.99 14 

Level 2 (Post-test) Intervention 22.56 5.19 17 

 Control 26.00 3.78 14 
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Mixed 2 x 2 ANOVA with Adapted Thoughts 

Assumptions 

Table H.53 

Levene’s Test for Homogeneity of Variance for High Test Anxiety Students Measured with the 

Adapted Thoughts’ Subscale 

Timepoint F df1 df2 p 

Pre 0.11 1 29 .74 

Post 0.73 1 29 .40 

 
 

Table H.54 

Results for Within Subjects Effects for Timepoint for the Adapted Thoughts’ Subscale with 

Students Who Are High in Test Anxiety (N = 31)   

Group 
Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Timepoint 88.54 1 88.54 7.75 .009 0.05 0.21 

Timepoint* 
Group 

21.63 1 21.64 1.89 .18 0.01 0.06 

Residuals 331.24 29 11.42     

Note: Type III Sum of squares 
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Table H.55 

Results for Between Subjects Effects for Group for the Adapted Thoughts’ Subscale with 

Students Who Are High in Test Anxiety (N = 31) 

Group 
Sum of 
Squares 

df 
Mean 

Square 
F p η² η²p 

Group 83.05 1 83.05 2.00 .17 0.05 0.06 

Residuals 1205.37 29 41.57     

Note: Type III Sum of squares 
 

 

Table H.56 

Descriptive Statistics for the Groups for Adapted Thoughts’ Subscale with Students Who Are 

High in Test Anxiety (N = 31) 

Timepoint Group Mean SD N 

Level 1 (Pre-test) Intervention 22.65 4.23 17 

 Control 23.79 4.02 14 

Level 2 (Post-test) Intervention 19.06 6.37 17 

 Control 22.57 5.46 14 

 

  



TESTING EFFECT TO REDUCE TEST ANXIETY 385 

Appendix I 

R Studio© Code  

 
Samples of Measurement Invariance for Self-efficacy and Children’s Test Anxiety Scale 
 
masterynonsefinequal<-cfa(SEsubscalenonefficacywithoutskew, 
data=AdditionalSE_data_complete[,1:19], group = "pre_post", group.equal=c("loadings", 
"intercepts", "residuals", "lv.variances", "lv.covariances"), estimator="MLM")#NSETT 
models 
 
summary (masterynonseequal, fit.measures=TRUE, standardized=TRUE) 
 
anova(masterynonsefin, masterynonsefinequal) 
 
mastery.mif.equal<-cfa(MIS1F,data=FFinal_Pre_post_int_non_int[,2:35], 
group="Timepoint", group.equal=c("intercepts", "residuals", "lv.variances", 
"lv.covariances"), estimator="MLM") 
 
summary(mastery.mif.equal, standardized=TRUE, fit.measures=TRUE)# metric model 
 
mastery.mif.equal.plot<-semPaths(mastery.mif.equal, what="col", whatLabels = "std", 
style="lisrel", layout = "tree") 
 
Mimic Models 
 
mastery.mimic.model.post.intervention.SETT<-
'mastery=~Q1+Q5+Q9+Q11+Q16+Q19+Q27+Q28 
mastery~SETT' 
 
mastery.mimic.model.post.intervention.SETT.fit<-
sem(mastery.mimic.model.post.intervention.SETT, 
data=ATINterventionPOSTsett_n_nsett,estimator="MLM") 
 
summary(mastery.mimic.model.post.intervention.SETT.fit, standardized=T, fit.measures=T) 
 
modcont5<-semPaths(mastery.mimic.model.post.intervention.SETT.fit, what="mod", 
whatLabels = "Parameters", style="OpenMx",edge.width=0.5,.edge.color="black", sizeMan 
= 8, sizeLat = 20) 
 
Latent Means after CFA  
 
mastery.model.equal.means.final<-cfa(MIS1F, data=FFinal_Pre_post_int_non_int[,2:35], 
group="Timepoint", group.equal=c("loadings", "intercepts", "residuals", "lv.variances", 
"means"), estimator="MLM") 
 
summary(mastery.model.equal.means.final, fit.measures=T, standardized=T)# model fit the 
data well -for the constrained model -both group means are set to zero – 
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mastery.model.unequal.means.final<-cfa(MIS1F, data=FFinal_Pre_post_int_non_int[,2:35], 
group="Timepoint", group.equal=c("loadings", "intercepts", "residuals", "lv.variances"), 
estimator="MLM") 
 
summary(mastery.model.unequal.means.final, standardized=T, fit.measures=T) 
# test for means difference is statistically significant – 
 
anova(mastery.model.equal.means.final, mastery.model.unequal.means.final)# can I do this 
for pre post intervention and control - 
 
Playing with Plots 
 
M<-cor(AIPCSSwithlabels[,6:35])#creating an object to work with! Pre-test intervention 
M 
corrplot(M, method="circle")# ok so works but need sig values 
corrplot(M, method="number") 
corrplot(M, method="color") 
corrplot(M, order="AOE") 
corrplot(M, order="hclust", addrect=2) 
corrplot(M, p.mat=res_1$p,  sig.level=.5, type="upper", order="hclust", tl.cex = 0.5) 
 
 
A<-cor(FINSE_NONINT_PRE_lables[,4:18]) 
corrplot (A, p.mat=res_1$p, sig.level=.5, type="upper", order="hclust") 
 
B<-cor(FINSE_NON_INT_POST_lables[,4:18]) 
corrplot (B, p.mat=res_1$p, sig.level=.5, type="upper", order="hclust") 
# here goes with the SE data  -correlation matrices.  
 
P<-cor(ANIPOFSS_with_labels[,5:34])# so this gave pretty fab plots but left sig values off 
det(P) 
Q<-cor(SE_PRE_INT_labels[,4:18]) 
corrplot(Q, p.mat+res_1$p, sig.level=.5, type="upper", order="hclust") 
 
det(R) # (determinant values) 
 
T<-cor(SE_NON_INT_POST_label[,4:18]) 
 
cg<-corrplot(M, type="lower", order="hclust", col=c("black", "white"), bg="lightblue") 
corrplot(cg, p.mat=res_1$p, sig.level=.5)# gives me sig values 
 

cor.plot(ANIPOFSS[,5:34],numbers=TRUE,colors=TRUE,n=51,zlim=c(-1,1), 
 show.legend=TRUE,keep.par=TRUE,select=NULL, pval=NULL,   
  cuts=c(.001,.01),scale=FALSE,upper=TRUE,diag=TRUE, labels=NULL, 
symmetric=TRUE,stars=FALSE,adjust="holm",xaxis=3,xlas=1,ylas=2,alpha=.75,  
min.length=NULL, MAR = TRUE, cex=0.5,cex.axis=0.3)# this code works for a picture of 
correlation with readable numerics.  


