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What insights can response times provide for education research?
Élisabeth Bélanger , Lorie-Marlène Brault Foisy and Steve Masson 

Department of Didactic, Université du Québec à Montréal (UQAM), Montreal, Canada

ABSTRACT  
The main objective of this methodological article is to discuss the 
contribution of response times as a tool in education research. The use 
of response times in research is largely a legacy of the work carried out 
in cognitive psychology, which has made it possible to describe the 
cognitive processes involved in information processing. In education, 
research that incorporates response times into its methodological 
design often has two main objectives: 1) evaluate the automation of 
basic learning and 2) infer the cognitive processes involved in academic 
learning, such as working memory and inhibitory control. This article 
addresses and discusses specific research designs that use response 
times across various academic disciplines and instructional levels, 
offering a comprehensive overview of the potential applications of 
response times in education research. In light of this overview, utilizing 
response times in education research not only emerges as relevant but 
also serves to complement existing methodological tools. For instance, 
such designs can aid in identifying the relative difficulty of different 
types of learning, understanding the underlying reasons for such 
variations, and offering valuable insights for developing learning 
sequences and pedagogical interventions that are more consistent with 
learning processes.
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Introduction

The use of ‘time’ in an educational context gives rise to various considerations. Often perceived as a 
constraint to learning by teachers who lack the ‘time’ to teach their entire curriculum (Capel 2019), or 
as an anxiety-provoking element by students (Boaler 2014), ‘time’ is a variable that is virtually 
impossible to ignore, whether in the classroom or in education research. Indeed, several elements 
related to ‘time’ have been the subject of significant discussion within the scientific community. 
One of these questions, for example, is whether limiting the time available to students promotes 
or hinders learning, particularly in the context of assessment (Caudery 1990, Krasne 2006, Portolese 
et al. 2016). Another issue of interest is the ‘time’ students take to think about and complete a task 
and its significance in terms of cognitive processes involved in completing the task (Stavy and Babai 
2010, De Boeck and Jeon 2019) and in terms of the complexity and inherent characteristics of the 
task (Butlen 2007, Sweller et al. 1998).

A wide variety of quantitative methodological tools exist in education, including systematic 
observation grids and questionnaires (Gaudreau 2011). These tools most often take the variable 
‘time’ into account in some way. For example, regarding the use of known observation grids such 
as the Classroom Assessment Scoring System (CLASS, Hamre 2007), the protocol prescribes that 
the researcher must observe the classroom for six 20-minute periods. This amount of ‘time’ has 
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been validated as optimal for the researcher to observe and assess the quality of teacher-student 
interactions and draw valid conclusions (Hamre 2007). Standardized tests are usually timed to be uni
versal, allowing for the identification of learning difficulties in order to better intervene and support 
students (Glover and Albers 2007, Hughes and Dexter 2011), or to measure performance and make 
international comparisons of student performance in different school subjects (e.g., PISA, TIMSS). 
Although quite different, both types of measurement instruments follow strict guidelines related 
to the use of ‘time’ that have been validated in order to allow researchers to draw conclusions.

Originally from cognitive psychology, the use of response times as a methodological tool is rather 
recent in education, so much so that some researchers report ethical discomfort with restricting the 
time available to participants to complete a task (Stott and Graven 2013). Yet, since the mid-nine
teenth century, research in cognitive psychology has focused on the cognitive processes underlying 
information processing and has attempted, through research designs using response times, to 
explain several phenomena that are impossible to observe with the naked eye, such as perception, 
attention, memory, and thinking (Thomas and Michel 1994), which are components whose real 
content eludes teachers and researchers. Welford et al. (1980) describe the use of response times 
as one of the most powerful methods for relating mental processes to behavioural measures. 
Although the culture of education research is distinct from that of cognitive psychology, response 
times are relevant in education because they can be indicative, among other things, of cognitive pro
cesses mobilized by students in a variety of classroom contexts. For example, in arithmetic, students 
generally need a few more milliseconds to mentally perform 35 + 18 than 43 + 10, possibly because 
the first addition involves a transition to the next ten, thus a more complex mental manipulation 
(Butlen 2007).

The main objective of this article is therefore to discuss the contribution of response times as a 
methodological tool in education research. It is structured into three distinct sections. First, a brief 
overview of the use of response times in cognitive psychology research will be presented, including 
a discussion of theories of information processing and cognitive load, which have both bridged the 
transition to education research. The following section shows that in education research response 
times can be used to assess the automation of basic learning in relation to working memory, 
especially in mathematics and reading. The last section demonstrates that response times can be 
used as a tool to infer the cognitive processes involved in various school learning, such as inhibitory 
control. Examples of education research that incorporate response times through experimental para
digms conducted over the last two decades across all school disciplines will be integrated into this 
discussion to highlight the wide range of possibilities for using response times in education research.

Using response times: a legacy of research in cognitive psychology

For Luce (1986), the use of the term ‘response time’ is generic, whereas the term ‘reaction time’ refers 
more specifically to the laboratory experimental context in which a researcher asks participants to 
respond as quickly as possible to a given stimulus. A common definition is that response time 
(RT) represents the time interval between the onset of a stimulus and the initiation of a response 
by the individual (Horn and Donaldson 1980). In some literature, response time is also referred to 
as latency time (Lohman 1989). In this article, the use of the term ‘response time’ will be preferred 
since it is more general and inclusive. Moreover, within the realm of education research, the interest 
in response times is primarily focused on learning and, more broadly, on the cognitive processes 
involved, rather than the biological aspects typically associated with reaction times. The literature 
distinguishes between different types of response times (Welford et al. 1980, Luce 1986, Kosinski 
2008). First, so-called ‘simple’ response times involve a single stimulus and only one response 
(usually motor) that occurs as a result of a trigger (Welford et al. 1980, Luce 1986, Welford 1988). 
Second, ‘choice’ response times involve the presentation of a single stimulus to which the participant 
must respond by choosing one of several responses, making the task somewhat more complex 
(Deary et al. 2011). Although used in the context of research on sports performance (Pilianidis 
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2012, Atan and Akyol 2014), automotive safety (Lv 2014), aging (Salthouse 1985), and intelligence 
(Lavergne et al. 1997), response times are primarily associated with research in cognitive psychology 
and often have the primary goal of describing information processing by working memory. Given the 
prominence of response times in cognitive psychology research, the following three subsections 
outline early studies utilizing response times, followed by the contribution of response times to infor
mation processing theory and cognitive load theory.

Precursory work involving response times

The origins of the use of response times in research date back to the nineteenth century and are 
often associated with the physicist and physiologist Helmholtz (1867), who succeeded in measuring 
the speed of nerve impulse propagation (25 ms), previously considered impossible to measure. It is 
worth mentioning that this pioneering work was first carried out on animals – on frog nerves – rather 
than on humans. Subsequent work by Donders (1868) showed that simple response times are faster 
(e.g., pressing one button) than complex or choice response times (e.g., choosing among four 
buttons), which contributed to laying the foundations of modern cognitive psychology by demon
strating that it was possible to measure and quantify cognitive processes. Later, Henry and Rogers 
(1960) suggested that complex responses require the mobilization of more information stored in 
memory, which results in the nerve impulse needing slightly more time to coordinate the motor 
response to the stimulus, thus resulting in a slightly longer response time. For a comprehensive lit
erature review of the history of the use of response times in cognitive psychology and the different 
types of experiments involving response times, the reader is referred to Kosinski’s (2008) review of 
the literature, which also discusses distinctions in response times related to age, gender, and hand 
preference.

Response times contribution to information processing theory

Information processing theory was developed in the United States in the 1940s and 1950s following 
the work of these pioneering researchers. It is the product of the work of several researchers, includ
ing Broadbent (1958), Broadbent and Pribram (1970), Baddeley and Hitch (1974), and Atkinson and 
Shiffrin (1968). Different variants of the original model of information processing are now used in 
cognitive psychology (Kail and Pellegrino 1985, Baddeley 1986, Ashcraft 1989, Pylyshyn 1989). Foun
dations of information processing theory are sometimes represented by an analogy between the 
functioning of a computer and that of human cognition (Thomas and Michel 1994, Ward 2020). 
Broadly speaking, this analogy suggests that human cognition processes information in the same 
way that a computer does; that is, individuals encode information, store it, and can retrieve it to 
accomplish tasks, just as a computer can also encode, store, and retrieve files for use. Research 
using response times has contributed to informing the basis of this theory.

Already in 1954, Teichner published a review of literature aimed at highlighting the findings of 
work using response times conducted in cognitive psychology over the previous 20 years. An inter
esting element highlighted by Teichner (1954) concerns the presentation of information involving 
more than one sensory modality (e.g., visual and auditory stimulation). Presenting a stimulus 
using more than one sensory modality leads to faster response times than when only one modality 
is used. On the other hand, if stimuli are successive rather than simultaneous, then response time will 
be longer than if only one sensory modality had been used (Teichner 1954, see also Todd 1912, Her
shenson 1962). This finding is of interest to researchers in cognitive psychology, but also to research
ers in education, since it is likely to have concrete implications for optimizing the organization of 
instructional content to promote learning. Moreover, education research focused on the effect of 
presentation modalities on learning emerged later (e.g., Jeung et al. 1997, Herrlinger 2017). Yet, 
the presentation modalities chosen by the teacher are known to have a strong effect size on learning 
(d = .72), as highlighted in Ginns’ (2005) meta-analysis. This example is intended to illustrate how 
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research results obtained using designs involving response times can bridge the gap from cognitive 
psychology research to education research.

Other uses of information processing theory in education are mentioned in the scientific litera
ture. First, this theory can enrich theoretical models in didactics (Eastes 2013). For instance, 
models aimed at describing conceptual change in science education have evolved considerably 
in the light of work using response times and now better describe how students process infor
mation to overcome common misconception and subsequently mobilize the appropriate scien
tific concept (Potvin 2018). Moreover, by dissecting the different components of information 
processing, it can contribute to the detection and diagnosis of learning difficulties (Thomas 
and Michel 1994). Thus, researchers, psychologists, and other specialists can formulate hypoth
eses in order to pinpoint which component of information processing is the source of a learner’s 
difficulties, whether it be the sensory receptors responsible for detecting stimuli, the process of 
encoding and retrieval in memory itself, or the motor gesture resulting from the stimuli. An inter
est in information processing and response times can therefore facilitate the development of 
interventions to be applied within educational settings (Thomas 1989), particularly by teachers. 
Finally, a better understanding of the stages of information processing can shed light on 
various elements that may contribute to predicting academic success. For example, a longitudinal 
study by Scarborough (1998) found that information processing speed (as measured in name 
speeding tasks) was one of the best predictors of reading ability in grades 2 and 8, going 
beyond knowledge of the letters of the alphabet or phonological awareness. Other researchers 
arrived at similar results (Kirby et al. 2010; Araújo 2015). Moreover, a meta-analysis of results 
from tasks involving response times showed that dyslexic students had poorer procedural learn
ing abilities, but there was also a large amount of variability between students (Lum et al. 2013). In 
general, longer response times are observed for students with language or reading difficulties on 
both language and non-language tasks (Miller and Poll 2009). This discrepancy in response times 
often persists into adulthood (Miller and Poll 2009). These examples demonstrate how the utiliz
ation of response times in research has enriched the theory of information processing, an 
ongoing evolutionary process.

Response times contribution to cognitive load theory

In addition to information processing theory, another theory in cognitive psychology that has made 
its way into education is cognitive load theory (Sweller et al. 1998). Cognitive load theory is based on 
the fact that working memory can process a limited amount of information (Miller 1956, Peterson 
and Peterson 1959, Cowan 2010), which poses a significant constraint on learning (Sweller et al. 
1998). Furthermore, learning necessarily involves a large cognitive load since the student must 
often process multiple pieces of information simultaneously. Studies using response times have 
shown that increasing response times are associated with increasing cognitive load (Welford et al. 
1980). When cognitive load becomes too great, negative impacts on learning and performance 
can be observed (Puma and Tricot 2021). Research using response times has shown that even the 
rate of presentation of information can affect students’ learning and their performance at a task 
(Puma and Tricot 2021). For instance, in learning videos, the speed at which content is presented 
can significantly impact learning outcomes. Faster-scrolling speeds may lead novice learners to 
focus more on learning about global phenomena, while slower speeds tend to favour learning 
about details (Meyer et al. 2010), possibly because the cognitive load associated with high pacing 
is reduced. Additionally, other research using response times in learning videos has suggests that 
a slower speed would be more beneficial for novice learners, while experts would benefit from con
trolling the speed themselves (Roussel and Tricot 2014). Knowledge about cognitive load theory thus 
raises relevant considerations for education research, particularly regarding pedagogical choices that 
can minimize the cognitive processing required of the student (Paas and Van Merriënboer 1994, Van 
Merriënboer et al. 2006).
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In summary, research in cognitive psychology, particularly on information processing and cogni
tive load, has led to a better description and understanding of the cognitive processes involved in 
learning, particularly through the use of response time research designs. These specifications can be 
useful not only for research in cognitive psychology, but also for research in education. Thus, 
response times and, in a broader perspective, the measurement of ‘time,’ can be integrated into edu
cation research in order to reflect on different issues related to learning. More specifically, the 
measurement of ‘time’ can allow us to assess the automation of basic learning, and response 
times can allow us to infer cognitive processes involved in school learning. These two elements 
will be discussed in more detail in the next two sections.

Response times as a measure of learning automation

Automation, also known as fluency, can be defined as the student’s ability to provide responses 
efficiently, that is, quickly and accurately (Binder 1996, Baroody 2006). Similarly, in reading, 
fluency refers to the ability to read text accurately and quickly (Giasson and Vandecasteele 2012). 
For some authors, the definition of fluency also implies that students create meaning around the 
knowledge they automate and develop flexibility in how they use it (Bobis 2007).

The benefits of automating knowledge are numerous and well documented (Knowles 2010). 
Among other things, automating knowledge allows students to make progress, solve problems 
more quickly, and make fewer mistakes (Retnowati 2017). For Askew (2012), the underlying goal 
of automating learning is to free up the student’s working memory so that they can be cognitively 
available to solve more complex problems. In particular, it is the student’s repeated engagement 
with activities or exercises that contributes to the automation of learning, and ultimately, to 
better performance (Ericsson et al. 1993, Suddendorf et al. 2016). Ideally, students should also 
receive prompt feedback on their performance, before repeating similar tasks (Morgan and Sideridis 
2006). Even among experts, whose high performance has long been attributed to exceptional talent, 
individual differences are explained primarily by engagement in repeated practice (Chi et al. 1981, 
Ericsson et al. 1993).

Moreover, Davis et al. (2016), as well as Brinums et al. (2018), have highlighted that by age 5, chil
dren are able to explicitly demonstrate their understanding of the importance of repeated practice. 
Thus, children at this age can engage in the practice of a skill that will be useful to them in the future, 
in addition to being able to predict that their peers will also progress if they practice. In short, from 
preschool onward, children understand the importance of engaging in repeated practice to progress 
and improve. For researchers and teachers, response times are therefore likely to be useful tools not 
only for promoting the automation of knowledge, but also for assessing whether students have prac
ticed sufficiently, for detecting difficulties, and for guiding interventions (Burns 2010). The use of 
response times can thus contribute to informing different aspects of child development and learning 
(Lange-Küttner 2012). Thus, response times can represent indices of the level of learning automation 
and allow for the collection of information regarding students’ learning. Examples of the use of 
response times with respect to fluency in reading and mathematics are discussed below.

Reading

Fluency is paramount in reading as it is strongly associated with reading comprehension (Fuchs 
2001). In this regard, Hasbrouck and Tindal’s (2006, 2017) work has quantified expected reading 
speed for each quarter of an elementary school year. Using response times can allow researchers, 
or even teachers, to measure reading fluency for the purpose of screening for difficulties and 
guiding instructional efforts (Hosp et al. 2007). It is also important to note that target reading 
speed varies with word length, which is likely to change depending on the language (Boyer 
2010). Therefore, adaptations of the fluency tests proposed by Hasbrouck and Tindal (2006) were 
developed; this is the case, for example, in French (Renauld et al. 2021), or in Spanish (González- 
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Trujillo 2014). Because some students may prioritize reading speed over the accuracy of words read 
(Hasbrouck and Tindal 2006, 2017), fluency tests only account for words that are read correctly by 
calculating a fluency index, the WCPM (Words Correct Per Minute). Other similar screening tests 
exist, including the TOSREC (Test of Silent Reading Efficiency and Comprehension) (Wagner 2010). 
These tests all use response times to assess students’ reading fluency. Indeed, some researchers 
argue that rapid word recognition is the variable of greatest importance when distinguishing stu
dents by reading proficiency level (Manis et al. 1999, Lange-Küttner 2005, Huestegge 2011). Other 
authors highlight that the results of research using response times can provide insight into differen
tiated instructional interventions with respect to fluency (Morgan and Sideris 2006; Wolf and Katzir- 
Cohen 2001).

Mathematics

For Askew (2008), timed activities aimed to develop mathematical fluency can enable students to 
monitor their personal progress and possibly even contribute to their motivation. An experimental 
study (Knowles 2010) compared three groups of grade 6 students: an experimental group partici
pated in an intervention consisting of timed rapid calculation for 3 minutes per day, every day for 
8 weeks; a control group participated in this exercise but only once a week; and another control 
group did not practice timed exercises. Not surprisingly, the group that trained every day made sig
nificantly more progress than the other groups. However, even the control group that trained only 
once a week made significantly more progress than the control group that did not train at all. These 
results support the importance of timed practice as a tool to automate learning in mathematics. 
Knowles (2010) adds that mathematics teachers should consider the benefits of training with 
short and frequent timed exercises.

In addition to the benefits for learning and fluency development, Stott and Graven (2013) state 
that timed fluency activities are excellent data collection tools for researchers as they take little 
time to administer, provide information on the level of learning automation, and enable tracking 
of student progress. Yet, in the classroom, the use of response times, or limiting the time to com
plete a task, is often viewed negatively as it can be stressful for students (Boaler 2014). However, 
Stott and Graven (2013) observed that simple reflective exercises had the effect of reducing 
student stress and increasing their engagement in this type of exercise. Furthermore, researchers 
have highlighted that timing or not timing assessments does not appear to influence performance, 
even when double time is allocated to one group compared to another (Portolese et al. 2016). 
Similar results have been obtained among medical students: Zhang and colleagues (2013) 
found no significant differences in performance on anatomy assessments between students 
who were timed and those who were not.

In sum, while response times gathered in classroom settings may not possess the same level of 
reliability as those obtained in controlled laboratory environments, the instances provided regarding 
the use of time in reading and mathematics illustrate the relevance of using response times to 
examine the automation of learning, screen for difficulties, and guide interventions and instructional 
efforts.

Response times as a tool for inferring cognitive processes

Response times also allow us to infer the cognitive processes involved in information processing. In 
this regard, several authors highlight that response times can be an indicator of the complexity of an 
individual’s reasoning (Tun and Lachman 2008, Stavy and Babai 2010). Reasoning, learning, or per
forming a task can be complex for a student for several reasons. However, one such reason identified 
by education research are intuitions, automatisms, and heuristics that frequently interfere with 
student learning (Stavy and Tirosh 2000, Stavy et al. 2002 Bago and De Neys 2019). Focusing on 
small differences within the range of a few milliseconds can thus better identify learning that may 
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be more complex or difficult due to common intuitions that students have, especially in science and 
mathematics (Kelemen and Rosset 2009, Shtulman and Valcarcel 2012). The three research designs 
presented below use response times to describe and better understand the cognitive processes 
underlying learning in a variety of instructional contexts, regarding working memory and inhibitory 
control.

Comparisons between response times

One of the simplest methodological uses of response times is to compare them by relating them to 
each other. Some designs compare the response times of the same person under different con
ditions (e.g., a student presented with different content), while others compare different groups 
of people under the same condition (e.g., groups of students of different ages presented with the 
same content). An important finding from studies of response times is that the speed of information 
processing increases when the same stimulus is presented more than once (Ward 2020). For 
example, simply recognizing a word that has been previously presented saves a few milliseconds 
(Dehaene 2001), possibly because working memory has already dealt with this stimulus. This kind 
of result can inform pedagogical reasoning about reading or vocabulary instruction for children: 
exposing children to words in a variety of contexts is likely to facilitate subsequent recognition of 
those words in texts. Similarly, Mayall and colleagues (1997) highlight that individuals represent 
words in a uniform font and size. Thus, a student will take slightly longer to read ‘HoUsE’ than 
‘HOUSE’ (Mayall et al. 1997), indicating the susceptibility of working memory to disruptions in infor
mation processing.

Given the foundational nature of this discovery, its direct application to classroom practices may 
not be feasible. Nonetheless, such findings serve as valuable stepping stones for further research and 
provide essential benchmarks for potentially developing pedagogical interventions that better align 
with how pupils process visual information to recognize letters and familiar words.

In the context of science learning, the comparison of response times has contributed to advan
cing knowledge related to conceptual change. Indeed, students hold many intuitive ideas about 
natural phenomena around them, but these ideas often interfere with scientific knowledge (Carey 
2000). For example, it is common to believe that ‘solids are necessarily rigid’ (Stavy and Stachel 
1985). Babai and Amsterdamer (2008) investigated this intuitive idea by asking adolescents to clas
sify a variety of objects as either ‘solid’ or ‘liquid.’ Adolescents’ response times were significantly 
longer when they were asked to evaluate solids that were not rigid (e.g., flour), as well as liquids 
that were denser (e.g., honey). Babai and Amsterdamer (2008) suggest that reasoning to classify 
these items takes longer since students must resist their intuitive idea in order to answer correctly. 
Also comparing response times, Babai et al. (2010) focused on the common intuitive idea suggesting 
that ‘moving things are necessarily alive.’ They asked adolescents to classify different things accord
ing to two characteristics, either ‘alive’ or ‘not alive.’ They reached similar conclusions: adolescents’ 
response times were significantly longer when they were asked to evaluate items that move but are 
not alive (e.g., a car). Other researchers also arrive at convergent observations: having to resist 
strongly held, automated intuitions slightly but significantly increase response times, particularly 
in the context of counterintuitive learning in science and mathematics (Brookman-Byrne 2018).

However, a limitation of research using response times to make comparisons concerns their use 
with young children (Lange-Küttner 2012). Indeed, before they enter school, individual differences 
between children are greater: some children respond very quickly, while others do not (Kail and 
Ferrer 2007), which means that statistically significant differences between two groups of children 
can be difficult to observe. In fact, standard deviations are sometimes larger than the differences 
between group means, making statistical differences undetectable (Lange-Küttner 2012). Further
more, while comparing response times can detect that a reasoning is more cognitively complex 
or costly (Ward 2020), it does not directly identify the nature of this greater complexity. To overcome 
this limitation, some experimental designs allow to go beyond a simple comparison between 
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response times. These designs, which will be discussed below, allow posing hypotheses to attempt 
to attribute this significant difference in response times to a specific cognitive process. One of the 
hypotheses supported by a large body of research concerns the mobilization of inhibitory control. 
Inhibitory control is documented as one of the core executive functions (Miyake 2000, Diamond 
2013); it is a high-level cognitive process that allows the student to ‘resist’ interference, strongly 
held automatisms, intuitive ideas, and heuristics in a multitude of contexts, including academic 
learning (Houdé 2014, Houdé and Borst 2015). Inhibitory control has been well documented in 
research using response times, particularly from a developmental perspective (Best and Miller 2010).

Negative priming (NP) experimental paradigm

Negative priming is an experimental paradigm that uses response times. It was originally designed to 
detect the mobilization of inhibitory control in selective attention (Tipper 1985, 2001). More recently, 
this paradigm has been adapted to infer the mobilization of inhibitory control in the context of 
various academic learning, such as reading (Borst 2015, Brault Foisy 2017), conjugation (Lanoë 
2016), written problem solving (Lubin 2013), decimal number comparison (Roell 2019), and buoy
ancy (Potvin 2015, Brault Foisy 2021).

The logic underlying experimental paradigms that use the priming effect is as follows: priming (or 
pre-activating) an idea or concept via an item will influence how the following item is processed 
(Tulving and Schacter 1990). More specifically, in the case of negative priming, the prime has the 
effect of slowing down the processing of the next item – hence the term ‘negative’ priming (Borst 
et al. 2013). Thus, if the participant has to inhibit an intuitive idea to respond correctly to an item, 
and then has to reactivate that same idea to respond to the next item, this reactivation will be cog
nitively more difficult and will result in a slight decrease in performance, i.e., lower accuracy and 
higher response time (Tipper 2001, Borst et al. 2013). Tasks designed in a negative priming paradigm 
involve sequential Test and Control Conditions, as shown in Figure 1. Each trial consists of two items, 
a Prime followed by a Probe. In the Control Condition, the intuitive idea does not come into play at all 
during the Prime, and then must be mobilized to provide the correct answer during the Probe. In the 
Test Condition, on the other hand, the participant must first inhibit an intuitive idea in order to 
respond correctly to the item presented in the Prime, and then reactivate that same idea in the 
Probe. This need to reactivate an intuitive idea that had just been inhibited results in a slightly 

Figure 1. Representation of the negative priming experimental paradigm. For each item, the activation (green circle) or the inhi
bition (red octagon) of an intuitive idea is specified. In the case of neutral item, the intuitive idea does not come into play (blue 
circle with a line).
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higher response time in the Probe item of the Test Condition, compared to the Probe item of the 
Control Condition.

A final methodological consideration regarding the use of the negative priming paradigm is 
related to performance: tasks must be designed in such a way that participants have a sufficiently 
high number of correct responses, since only these are representative of the successful mobilization 
of inhibitory control and can, in this case, be used in data analysis. Special attention must also be 
paid to the age group chosen, and pretests may be necessary to ensure that students will be able 
to perform beyond the chance level (Brault Foisy 2017).

In the last decade, the negative priming paradigm has proven useful in education research for 
detecting inhibitory control with elementary school students (Brault Foisy 2017), high school stu
dents (Potvin 2015), adults (Borst 2015) and even teachers (Jiang 2020). In addition, some researchers 
have compared the negative priming effect for the same task across multiple age groups to examine 
whether the need to inhibit decreased with age and, thus, education (Borst 2013, Aïte et al. 2016, 
Lanoë 2016). As an example, Lubin and colleagues (2013) used negative priming with elementary, 
and high school students and adults to examine the mobilization of inhibitory control in the 
context of problem solving in arithmetic. A frequently reinforced and used automatism consists in 
performing an addition when the words ‘more than’ are used in a problem (e.g., Jane has 25 
balls. Marc has 5 more balls than Jane. How many balls does Marc have?) (Lewis and Mayer 1987, 
Stern 1993). However, in some contexts, student must resist this automatism in order to answer cor
rectly (e.g., Mary has 25 marbles. She has 5 marbles more than John. How many marbles does John 
have?). The results of Lubin and colleagues indicate a negative priming effect for all three age groups 
in problems where the ‘more than’ automatism must be inhibited in order to answer correctly. The 
results of this study provoke interesting pedagogical considerations, namely that to solve problems 
in arithmetic, students must not only grasp the logic behind them; they must also be able to inhibit 
strategies that, although they work in many contexts, can sometimes be misleading. Similar results 
have been obtained in studies concerning intuitive ideas that interfere with the learning of scientific 
concepts (Brault Foisy 2021), grammatical automatisms that interfere with the application of conju
gation rules (Lanoë 2016), and several others. The negative priming experimental paradigm thus 
allows for the inference of an important cognitive process in learning, namely inhibitory control. 
Other paradigms exist to infer the mobilization of inhibitory control using response times, including 
the positive priming paradigm.

Positive priming (PP) paradigm

The positive priming paradigm, also called conflict adaptation effect (CA), was initially used in clas
sical tasks aimed at detecting the mobilization of inhibitory control, such as the Stroop task and 
Flanker task (Botvinick 1999, Hommel et al. 2004, Larson et al. 2009). Its logic is somewhat inverse 
to that of negative priming: it will be easier to mobilize an idea or strategy if it has just been mobi
lized in a previous item, even if that idea is counterintuitive or requires the use of inhibitory control 
(for a review, see Schacter 1987, Tulving and Schacter 1990, Roediger and McDermott 1993). The pro
cessing of the Probe is therefore facilitated by the processing of the Prime. The inhibition of an intui
tive idea that had just been inhibited results in a slightly lower response time in the Probe item of the 
Test Condition, compared to the Probe item of the Control Condition: the mobilization of inhibitory 
control and, more broadly, cognitive control, is facilitated after resolving a conflict (Botvinick 
2001, Ullsperger et al. 2005, Egner 2007) (Figure 2).

Some education research designs use both positive priming and negative priming in order to 
have two measures of inhibitory control mobilization. For example, Neumann and Qiu (2018) and 
Friesen and Haigh (2018) used these two paradigms together to better understand the involvement 
of inhibitory control in the context of bilingualism.

However, one limitation of positive and negative priming paradigms is that some students 
may favour speed over accuracy in their response (i.e., speed-accuracy trade-off). One way to 
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address this limitation is to calculate an inverse efficiency score by dividing the response times by 
the proportion of correct answers (see Bruyer and Brysbaert 2011). In this way, whether the 
student prioritizes the speed or accuracy of their answer, the inverse efficiency score puts all stu
dents’ data on the same scale that takes into account both variation in response time and vari
ation in the rate of correct answers. A few educational researches make use of this technique, 
including Brault Foisy and colleagues (2017) who focused on the frequent errors that occur 
when reading the letters b/d and p/q. A frequently mentioned hypothesis to explain the 
difficulty associated with reading these so-called ‘mirror letters’ is based on the ‘mirror general
ization process.’ This process is useful for enabling individuals to recognize objects and images 
independently of their orientation in space, but represents an obstacle in the context of learning 
to read (see e.g., Dehaene 2010). Using a task involving both pseudoword reading and image rec
ognition, Brault Foisy and colleagues (2017) showed that even young readers must mobilize their 
inhibitory control to resist mirror generalization. An inverse efficiency score allowed researchers 
to find that in order to resist the mirror generalization process and correctly read words contain
ing the letters b/d or p/q, elementary students had to mobilize inhibitory control and were quite 
capable of doing so.

In sum, the three research designs outlined above – response time comparison, negative priming 
paradigm, and positive priming paradigm – utilize response times to infer the cognitive processes 
underlying various aspects of school learning. A common critique directed towards research employ
ing response times in education, and more broadly towards studies examining cognitive and cer
ebral processes in education (Anadón 2018), revolves around its reductionist nature. Some argue 
that such research fails to account for the multitude of variables at play in the classroom during 
learning, or neglects the affective dimensions associated with school-based learning. Indeed, like 
any other methodological tool, response times do not claim to provide a comprehensive under
standing of all aspects of learning, given the inherent complexity of the learning process (Masson 
and Borst 2017). While findings derived from research employing response time designs may not 
directly translate to classroom application or teaching practice, they nonetheless offer valuable 
insights into various educational phenomena (Pasquinelli 2015, Ansari et al. 2017, Masson and 
Borst 2017). A deeper comprehension of the cognitive processes involved in learning, particularly 
those related to working memory and inhibitory control, holds the potential to elucidate why 
certain learning content consistently pose challenges, thus informing the development of teaching 
interventions tailored to address these specific learning contents.

Figure 2. Representation positive priming experimental paradigm. For each item, the activation (green circle) or the inhibition 
(red octagon) of an intuitive idea is specified.
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Conclusion

The use of response times as a methodological tool in education is largely the legacy of foundational 
research carried out in cognitive psychology, which has used response times to describe the cogni
tive processes underlying information processing (Donders 1868, Henry and Rogers 1960), thereby 
giving rise to theories such as information processing theory (Broadbent and Pribram 1970, Baddeley 
and Hitch 1974) and cognitive load theory (Sweller et al. 1998). Initially rooted in more fundamental 
investigations, this research has transitioned into the realm of education, where the use of response 
times, either independently or as a complement to other measurement tools, has the potential to 
offer novel and pertinent insights into numerous educational questions (ODCE 2007), encompassing 
even more tangible applications (Puma and Tricot 2021). First, response times can provide relevant 
information about the level of learning automation, particularly regarding fluency and the detection 
of student difficulties (Morgan and Sideris 2006, Wolf and Katzir-Cohen 2001). Furthermore, for learn
ing contents that are associated with strong intuitions, employing response times as a methodologi
cal tool allows for a better understanding of the nature and complexity of the reasoning processes 
underlying learning (Stavy and Babai 2010), notably by inferring high-level cognitive processes such 
as inhibitory control (Houdé and Borst 2015). Research using response times contributes to a more 
comprehensive understanding of the cognitive processes underpinning learning at school. In doing 
so, they help to identify which learning poses greater challenges, and provide insights into the 
underlying reasons for such difficulties (Dehaene 2010, Houdé 2014). As a result, they provide rel
evant guidelines for developing learning sequences (Puma and Tricot 2021) and pedagogical inter
ventions (Askew 2008, Knowles 2010) that align with the results of response times research, thus 
moving away from intuitive approaches to learning (Ansari et al. 2017, Pasquinelli 2015). Addition
ally, recent and promising research uses response times to design adaptative digital learning 
environments tailored to individual student, while also enabling the detection of rapid guessing 
and cheating behaviours (Pelánek 2023).
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