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Abstract 

When Mueller and Oppenheimer documented the Longhand Advantage (2014) -- the 

finding that students learn better when they take notes using pen and paper rather than a laptop – 

the study went viral, influencing classroom laptop policies around the world. However, more 

recently Urry et al. (2019) followed up on the original finding but found no evidence for a 

longhand advantage. Similarly, the literature on whether interventions to improve executive 

functions lead to improved classroom performance is full of mixed and contradictory findings. 

Instructors who hope to use evidence-based interventions in the classroom are confronted with a 

dilemma when they encounter discrepant studies regarding whether or not an intervention is 

effective. One helpful approach to navigating this challenge is to consider the differences 

between direct replications and generalization studies. While direct replications recreate the 

conditions of the original study as closely as possible to determine whether the results are 

reliable and trustworthy, generalization studies investigate whether the results of the original 

study are robust to novel conditions, populations or environments. Because no study can 

perfectly replicate the conditions of another study, it is not always clear whether a study should 

be considered a replication or generalization. To resolve this, we describe a framework based in 

the intervention literature that proposes five principles for evaluating the match between original 

studies and their follow ups. We illustrate the utility of this framework using the discrepant 

findings from Urry et al. (2019) and Mueller and Oppenheimer (2014), and the mixed evidence 

from the executive control interventions literature as case studies. Broader implications and 

practicalities for interpreting findings from replication attempts are discussed.  
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How to interpret discrepancies in empirical results from educational intervention studies 

“Every replication is different in innumerable ways from the original.” 

-Klein et al., 2014 

The learning science literature is full of interventions that purportedly improve learning 

and warnings against activities that impede learning. Most of these have some empirical backing, 

but in the age of the replication crisis some educators have become skeptical of how well those 

findings will hold up in follow-up studies or in the classroom. When new studies yield different 

outcomes than the original studies, how are teachers and scholars to make sense of those 

discrepancies? The answer, of course, relies on the nature of those discrepancies. 

Discussing the differences between direct replications, conceptual replications, and 

generalizations (among many other similar and related concepts) is difficult because the terms 

are used in different ways by different authors and in different academic disciplines. (For a 

particularly cogent discussion of terminology see Plesser, 2018). This is likely particularly true 

in interdisciplinary fields like the learning sciences, where scholars come from various 

backgrounds, and use discipline-specific norms, discipline-specific jargon. For the purposes of 

the present article, we would like to define a distinction between what we will call direct 

replication and generalization. The former recreates the conditions of the original study as 

closely as possible to determine whether the results are reliable and trustworthy. The latter 

investigates whether the results of the original study are robust to novel conditions, populations 

or environments. Both are valuable to scientific understanding, but because they allow for 

fundamentally different inferences, it is important not to conflate them. 
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All studies are embedded in cultural contexts which shift over time, and often studies are 

run in different locations and on different samples of the population. Moreover, even good faith 

attempts to engage in direct replications can run into logistical or practical challenges that 

necessitate changes to the original study design. When considering whether a study constitutes a 

direct replication, scholars typically attend to whether the replication uses the same materials as 

the original study, while neglecting whether those materials fulfill the same purpose for the 

populations being tested and given the conditions of testing. Scholars stress sample size to ensure 

adequate power but often overlook environmental factors that may reduce effect sizes. Given that 

all replications differ from the original study in some ways, how can we determine if those 

differences are meaningful enough to consider the study a generalization rather than a direct 

replication?  

One possibility is to import frameworks from intervention science1. In intervention science, 

efficacy trials establish whether a program works with a tightly controlled population under 

tightly controlled circumstances. Effectiveness trials test whether the efficacious programs can 

be generalized to a wider population in a variety of settings. Singal et al. (2014) provided a 

useful framework for comparing efficacy and effectiveness on five dimensions: (1) Research 

Question – is the focus of the research on demonstrating a phenomenon in ideal circumstances 

vs. in real-world contexts; (2) Population - homogeneous vs. heterogeneous; (3) Research 

Setting - ideal with no distractions vs. more distractions (4) Research Team (which Singal et al. 

refer to as “providers”) - highly experienced / fully-trained vs. less experience/training; and (5) 

 
1 We chose to use the term “intervention science” rather than the related, but subtly distinct 

“implementation science”. Although there is not perfect agreement in the literature about how 

these terms are defined, we see intervention science as focusing on research design details while 

implementation science focuses more on the logistical details and implications of practitioners 

more widely adopting empirical findings. 
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Fidelity (which Singal et al. refer to as “intervention”) - strict enforcement / standardized 

research protocols vs. flexible/unstandardized research protocols, in other words, the extent to 

which different researchers on the research team adhere to experimental or intervention 

protocols2.  

A good practice for understanding if a result is replicable aligns with establishing efficacy. 

Many efforts for wide-scale replication have focused almost exclusively on using identical 

stimuli and methodologies for stimulus presentation (e.g., Many Labs, 2014). This focus on the 

protocol fits well with Singal et al.’s (2014) first dimension - Research Question. Some 

replication projects have started to pay attention to whether the Population is the same (e.g. 

Manylabs 2; 2018). However, Research Setting, Research Team and Fidelity are often neglected. 

For example, in a recent paper, Urry et al. (2021; henceforth “Urry”) attempted to replicate 

Mueller and Oppenheimer’s (2014; henceforth “Mueller”) longhand advantage – the finding that 

students who take notes on laptops learn less than students who take notes using pen and paper. 

While participants in the original manuscript were run under distraction free, tightly controlled 

laboratory conditions, the replication was run as part of a classroom project, by undergraduates 

who had not been fully trained in the original experimental protocols. As a result, the data 

collection for the attempted replication occurred in “sessions on campus at various times of day 

outside of class. Many noted that sessions were subject to distractions and errors; sessions also 

varied in formality and equipment (i.e., laptops and headphones).” Moreover, the population 

tested in Urry had different baseline rates of laptop usage.  

 
2 We changed some of the terminology to allow it to more effectively apply to a wider research 

context than Singal et al. had originally referred to, and to avoid confusing readers about which 

concepts were directly imported from Singal et al., and which are extensions of that conceptual 

framework for application to the present questions. 
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While Urry described their study as a direct replication, the Population, Research Setting, 

Research Team and Fidelity all fundamentally differ from Mueller, and thus would be better 

described as an attempt at generalization. To understand why these factors are important in this 

case study, pay attention to mechanism – not just if a particular intervention is effective but why 

that intervention is purportedly effective. This is especially relevant for papers using lab rather 

than field studies, because it is possible to fully control and manipulate the lab environment to 

better test causal and mechanistic claims. In the case of Urry and Mueller, the differences across 

these dimensions are theoretically meaningful in that they have direct relevance to the purported 

mechanism of the longhand advantage.  

In the case of the longhand advantage there are several mechanisms that have been 

proposed for what is likely a multiply determined effect. The first is being off task; students 

using computers typically have access to social media, email, etc., and when students focus on 

those uses of a laptop instead of educational content, it can undermine student learning (e.g., 

Glass & Kang 2019). Indeed, some studies suggest that students on laptops spend only about a 

third of class time actually on task (c.f. Ragan et al., 2014), and this can hurt performance. This 

mechanism was not under investigation in either the Mueller or the Urry study, because 

participants in both studies were being monitored by the research team and kept from using the 

laptop to browse the internet.  

The second proposed mechanism, and the one advocated by Mueller, suggests that because 

people type faster than they can handwrite, laptop note-takers can take down lectures verbatim, 

while longhand note-takers cannot, and thus are forced to take notes in their own words. This 

process of summarizing content in their own words requires depth of processing, which improves 
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learning (Craik & Tulving, 1975). In other words, longhand note-takers are forced to process 

more deeply, which serves as a form of desirable difficulty (Bjork & Bjork, 2011).  

Some difficulties are desirable in that they create so-called “germane load,” which supports 

learning. These include most interventions that push students toward deeper processing, such as 

requiring students to generate (rather than review) answers, and to interleave (rather than chunk) 

examples (see Bjork & Bjork, 2011 for examples and further discussion). However, some 

distractions create so-called “extraneous load,” which interferes with students’ processing 

(Sweller, 2010). Splitting attention to non-germane distractions can make otherwise desirable 

difficulties harmful (for more on Cognitive Load Theory, see Chandler & Sweller, 1991). 

Cognitive load affects cognitively effortful processes more than relatively effortless processes 

(Thomson & Oppenheimer, 2022). In the case of notetaking, cognitive load should disrupt the 

effortful processing of the longhand note takers (summarizing content in their own words) while 

having little effect on the relatively effortless processing of laptop note taking (verbatim 

transcription). In other words, Urry introduced features such as distraction which creates 

extraneously load; if Mueller’s mechanistic account is correct, these features would be expected 

to eliminate the longhand advantage, which is exactly what happened.3  

In many ways, the conditions in Urry have more ecological validity than the artificial lab 

conditions of Mueller. After all, real world classroom environments are highly varied and rife 

with distractions. Given that Mueller has received significant media attention and has been used 

to justify laptop bans in classrooms, identifying that the finding may not generalize beyond 

 
3 In addition to the Urry paper, other scholars, most notably Morehead et al. (2019), have 

conducted replication attempts of the Mueller paper, with complex and nuanced results. The full 

details of that nuance and complexity are beyond the scope of the present manuscript, but we 

direct interested readers to the online supplement which describes them in more detail.  
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distraction-free environments is valuable. Nonetheless, the Urry paper cannot speak to the 

reliability of the original finding, because the study was not designed to demonstrate the efficacy 

of the intervention.  

The efficacy/effectiveness distinction (e.g., Singal et al., 2014) also has important 

implications for inclusion criteria for meta-analyses. For example, while Urry’s meta-analysis 

shows null results, another recent meta-analysis of 14 studies and over 3,000 participants (Allen 

et al., 2020) found reliable longhand advantages (~25% improvement). Many of the studies in 

the Allen et al. differed from Mueller, but largely involved highly controlled research settings, 

research teams, and high fidelity.  (See also an even more recent meta-analysis of 24 studies with 

over 3000 participants with similarly robust results for the longhand advantage; Flanigan et al., 

2024). 

Urry are to be commended for their commitment to open science and for reporting and 

acknowledging the weaknesses of their study, specifically the distracting and variable 

environments, and errors in experimental protocols. It is precisely that level of honest self-

scrutiny that allows science to reconcile differences across findings and enables progress. In this 

case, it helps in the interpretation of the null results, suggesting that their paper may be better 

classified as a failure to generalize rather than a failure to replicate. To improve our science and 

allow practitioners to understand how to apply the insights of our studies to the classroom, 

learning scientists need to ensure that it is standard to attend to, and explicitly report details of, 

research settings, research team training, and fidelity (see Ellefson & Oppenheimer, 2022, for a 

discussion of the statistical effects of fidelity violations). 
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It is important to note that notetaking and laptop use is hardly unique in the learning 

sciences when it comes to mixed and confusing evidence about which findings are robust and 

when they will generalize. Interventions to improve executive functions are another example of 

heterogeneous generalization. Executive functions are the higher order cognitive skills needed 

for goal-directed behaviors (Diamond, 2013). Many studies find a reliable link between 

executive functions and academic outcomes, indicating that interventions should both improve 

executive function skills and transfer to academic achievement (e.g., Ellefson et al., 2019). 

However, studies on the impact of executive functions training on educational outcomes find 

inconsistent results.  

For example, The CogMed intervention (Klingberg et al., 2005) targets working memory 

in a computer game. Although working memory often improves, different studies find different 

results about whether these improvements transfer to academic attainment (e.g., Bharadwaj et al., 

2022 - no evidence of transfer; Holmes & Gathercole, 2014 - mixed evidence of transfer). 

Similar inconsistencies appear in studies exploring whether training other executive functions 

leads to gains in the classroom (e.g., Inhibition: Ganesan et al., 2024; Wilkinson et al., 2020, 

Cognitive flexibility: Buttleman & Karbach, 2017; van Bers et al. 2020). Interventions targeting 

multiple executive functions seem to have more robust transfer effects, but they are more 

complicated and require more research team expertise and training. For example, Tools of the 

Mind seems to improve executive functions and academic skills in young children (Diamond et 

al., 2007; 2019), but the intervention design is complex and does not always generalize to other 

educational contexts (Baron et al., 2017). The new ONE program (Orchestrating Numeracy and 

the Executive) embeds executive functions training in early numeracy teaching. There is great 

heterogeneity across studies regarding whether or not transfer to educational settings is observed 
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(Scerif et al., 2023). Although most interventions target children, there are a growing number 

focused on adolescents and adults (for a review and discussion see Diamond & Ling, 2016 and 

Hillman et al., 2019). 

Again, exploring mechanism provides insights about what could be causing these mixed 

results. Some of the discrepancies in findings could be due to the differently trained research 

teams, different methods or different populations studied. For example, for the ONE program 

quantitative fidelity metrics indicate that the observed heterogeneity in results across studies is 

greatly influenced by the extent to which teachers adhere to the program (Scerif et al. 2023). 

Interpretation of findings should account for assessment methodology, especially with regard to 

implementation fidelity (for more detailed discussion see Smith et al., 2019) 

So, what is a teacher to do? Does this inconsistency in findings mean that executive 

functions interventions should be abandoned? Does the mixed evidence on laptop use and note 

taking mean that practitioners should adopt or abandon laptop bans in the classroom?  

Unfortunately, the answer is not simple. Teachers should consider the evidence knowing 

that any new study cannot account for all of the complexities in their classrooms. At the end of 

the day, part of the reasons that some findings are not robust across studies is because there are 

different materials, and different contexts, individual differences between students, and 

variations in the effectiveness of instruction and/or implementation fidelity of the interventions. 

Only by understanding the purported mechanisms by which the intervention is presumed to 

work, and whether that mechanism is relevant to the particulars of their classroom, can teachers 

make informed decisions about adopting specific interventions.  
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This is analogous to how the child development research can help us understand much 

about cognitive development but little about how to respond to a specific child in a given 

moment. Parents’ response to a child in a specific situation needs to incorporate their knowledge 

of that child, knowledge of the child/parent relationship, and knowledge of the context, not just 

the general principles derived from the developmental science literature. Similarly, teachers 

should consider how results from studies in the learning sciences can be applied to their 

classrooms by using their expertise in successful pedagogy and considering the needs and 

abilities of their specific students, school and local community.  

For example, in a quiet, distraction-free classroom with focused students, note-taking in 

one’s own words might facilitate deeper processing and better learning, However, in a noisier, 

more distracting classroom with less focused students, pen and paper may provide less benefit. In 

a classroom where educators have the time and bandwidth to learn and adhere to the fairly 

complex requirements of the ONE program, one might see transfer to educational outcomes. 

However, in classrooms where teachers are less able to adhere to the precise details of the 

program, less transfer may be observed. Indeed, teachers need to honestly evaluate their own 

skill sets, and whether or not they have the ability, training, bandwidth, and interest to adopt 

various interventions. 

Teachers also need to think about the content, goals, and structure of specific lesson plans 

and assessment instruments, and whether specific mechanisms facilitate or impede those goals. 

Verbatim note taking may inhibit deeper processing of materials but may also create a more 

complete record of a lecture. The latter may be a more important goal if a student is taking notes 

for an absent friend, to create an archive of classroom activities, or where the literal verbatim 

content is otherwise important (e.g. maintaining the integrity of quotes for journalistic or legal 
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purposes, mastering APA style, instruction about the difference between plagiarism and 

paraphrasing, etc.).  

Finally, teachers can assess the effectiveness of teaching methods in their own courses. If 

an intervention seems like it might be appropriate for a particular class, one can try it out. If the 

intervention improves outcomes in the class, then the teacher can continue to use it in future 

iterations. To assist with this, teachers should refer to the growing literature in implementation 

science (e.g. Soicher et al., 2020), which explores the tools that can be used to effectively 

translate work from the academic literature into practice, and which also engages with 

efficacy/effectiveness distinctions when considering the conditions under which findings will 

successfully generalize to classroom environments.  

As the replication movement grows across psychological science, attending to these 

multiple dimensions of how studies may differ can help replicators design better studies, 

statisticians design better meta-analyses, and psychological scientists more generally interpret 

discrepant results. Importantly, it can also help educators understand how to make sense of 

inconsistent findings in the literature, and best decide whether a particular finding is relevant to 

their specific classrooms.  
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Morehead et al. (2019), also attempted a replication that more faithfully emulates the 

conditions of Mueller’s studies (sterile, controlled, lab environment). The results from the 

Morehead et al. are nuanced and mixed – they found a significant longhand advantage for factual 

material, and a directional, but not significant longhand advantage for conceptual material for 

immediate recall. But they found no evidence for the longhand advantage after introducing a 

delay (while Mueller had found a longhand advantage after a delay; Study 3).  

Perhaps more crucially, Morehead et al. (2019) looked at the relationship between the 

amount of verbatim note taking and subsequent recall; while they found that longhand users took 

significantly fewer verbatim notes (replicating Mueller) they found no link between the amount 

of verbatim transcription of the lecture and subsequent recall (failing to replicate Mueller). That 

said, a subsequent study by Gur (2021) randomly assigned participants to take notes verbatim vs. 

in their own words (rather than relying on naturalistic variation) and found that verbatim notes 

led to lower performance, suggesting that all else being equal verbatim note taking does hurt 

learning, but that all else is not always equal, depending on the conditions of testing.  

It is also worth noting that in addition to the Urry and Morehead papers, which do not 

find consistent evidence of the longhand advantage, there are other papers that do, such as 

Horbury and Edmonds (2020) who generalize the effect to elementary school classrooms, and 

Desselle and Shane (2018) who generalize the effect to graduate student classrooms. 

This muddled pattern of results highlights the need for the framework that we discuss in 

the main manuscript. The findings of Mueller seem to generalize well across different 

populations, but not very well across different conditions of testing. It thus becomes essential to 
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pay close attention both to the context of the studies that explore a phenomenon as well as 

specific classroom environments to which one is trying to adopt an intervention, and determine 

the extent to which they match 


