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Relaxing Breaks in Online University Lectures May Improve Learning Outcomes

Abstract

The present study investigated the impact of relaxing breaks on learning outcomes for

students enrolled in an introductory psychology course. Breaks consisted of one-minute

breathing exercises. There were two experimental conditions based on the timing of the break.

One group got a break around 10 minutes into a 36-min video recorded lecture (break 1) while

another got it around 30 minutes into the lecture (break 2). We found that the earlier break had no

significant impact on student performance while the break later in the lecture bore a slight

improvement in performance. An investigation into whether breaks impacted low and high

performing students differently revealed that while break 1 had no differential impact, break 2

improved the performance of high performers and decreased that of low performers. Future

studies are needed to understand the factors driving this selective impact of the break and

whether other types of breaks would be more effective at obtaining larger effects. This study

contributes to the growing literature aimed at using cognitive psychology research to improve

education outcomes.
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Relaxing Breaks in Online University Lectures May Improve Learning Outcomes

Recently, there has been an increased interest in understanding the impact of technology

usage on attention span–how long one can maintain continuous attention to target stimuli–due to

the growing number of tasks like monitoring surveillance cameras and diagnostic medical

screening (Alarfaj et al., 2023; Lima et al., 2020), where even momentary attention failures can

have severe consequences. Understanding the effect of technology on attention, however,

extends beyond its application in these fields. It’s equally relevant to fields like education, where

the main means of instructions are lectures that demand continuous attention (Young, 2009). This

has become particularly important in recent years, as video-recorded lectures are frequently used

to supplement classroom teaching (Gorissen et al., 2012) and often the primary mode of

instruction in online learning platforms (Breslow et al., 2013). Attention is critical in determining

what students later remember from lectures (Bunce et al., 2010; Wammes et al., 2017; Fenesi et

al., 2018). It plays a prominent role in the formation of conscious memories, determining what

sensory information is selected into working and eventually what gets into long-term memory

(Atkinson & Shiffrin, 1968; Chun & Turk-Browne, 2007). These factors each call for research

into ways to enhance student attention to, and in turn retention of, the content of lectures.

Furthermore, exploring the effects of technology usage on student attention is not only

relevant but also urgent given the rate at which online learning has increased over the past few

years (Picciano et al., 2012; Fligio et al., 2013). For example, at Coursera, a popular international

online learning platform, enrollment rates show significant annual increases going from 21

million in 2016 to 92 million as of 2021 (WEF, 2022). Fligio et al. (2013) reported that the top

ten largest four-year universities in the United States enroll more than 10,000 students in at least

one online class each semester. Expectedly, this trend has been escalated by the COVID-19

pandemic (García-Morales et al., 2021; Mishra et al., 2020). Vaccinations have largely made

in-person learning possible again, however at many institutions classes are still recorded (​​Le,

2022). This allows students the option to watch recorded lectures instead of coming to class,

suggesting that online learning may be here to stay. Yet, there is accumulating evidence that

online teaching reduces learning outcomes (Figlio et al., 2013; Schacter & Szpunar, 2015; Alpert

et al., 2016; Bettinger et al., 2017; Cacault et al., 2021; Le, 2022). The goal of the present

project, therefore, was to find an effective intervention to improve students' learning outcomes in

online learning spaces, specifically video-recorded lectures.
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One of the major barriers to lecture learning is the difficulty in sustaining attention for the

entire length of the lecture, also known as vigilance decrement. Indeed, it has been found that in

classroom lectures there are increases in attention lapses as the lecture progresses with parallel

decreases in note taking and retention (e.g., Johnstone & Percival, 1975; Bunce et al., 2010;

Unsworth et al., 2012). Similar difficulties in sustaining attention have been observed in

video-recorded lectures (Risko et al., 2012; Fenesi et al., 2018), albeit at a more worrying rate

(Le, 2022). It is not well understood why this is the case, but one notable contributing factor to

the pronounced attention decline rate in video-recorded lectures is the lack of instructor real-time

adaptivity to student’s waning attention. That is, in live classes instructors can dynamically adapt

their content delivery by, for example, giving a short break to refocus students' attention (Bligh,

2000). This suggests that finding interventions that improve student attention and then building

them into video-recorded lectures could be one way of improving these lectures' adaptivity and

efficacy. The present study examined one such intervention, namely incorporating breathing

breaks in lectures. The intervention was based on the predictions made by two competing

theories that attempt to explain why vigilance decrement occurs: the “neural fatigue hypothesis"

and the “goal habituation theory” (Tulving & Rosenbaum, 2006; Ariga & Lleras, 2010).

The neural fatigue hypothesis posits that the execution of cognitive tasks (e.g. paying

continuous attention) fatigues the involved neuronal network such that it is less efficient in

accomplishing at time T2 what it did at time T1 (Tulving & Rosenbaum, 2006). Cognitive tasks

are supported by energy resources that deplete during sustained periods of high activity (Tulving

& Rosenbaum, 2006; Hobfoll, 2002; Hunter and Wu, 2016), providing a potential explanation

for why later episodes in a temporal succession suffer from reduced performance as is often the

case in lecture learning (e.g. Wammes et al., 2017). Thankfully, these resources have been

hypothesized to replenish over periods of low activity, behaving like rechargeable batteries that

periodically need recharging (Hobfoll, 2002; Tulving & Rosenbaum, 2006; Hunter and Wu,

2016). On the other hand, the goal habituation theory argues that vigilance decrement stems from

the failure of the supervisory attentional/executive control system to keep one attentional goal

active for a prolonged period of time (Ariga & Lleras, 2010). As such, momentarily deactivating

the vigilance task goal by switching to a content-unrelated task may disrupt the ongoing goal

habituation and in turn stop the vigilance decrement. Taken together, we hypothesized that

punctuating video-recorded lectures with relaxing breaks would improve student attention and in
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turn increase memory for the lecture material by either stopping the resource depletion or

disrupting the ongoing goal habituation.

While both of these theories predict an overall positive effect of the breaks, they differ in

their predictions on the impact of the breaks on certain types of students, namely high and low

performing students. The goal habituation theory predicts that low-performers would benefit

most from the breaks. Indeed, prior work suggests that low-performing students are especially

susceptible to goal habituation. For example, Unsworth et al. (2012) showed that low-performing

students struggle with attention control experiencing more attention lapses both in everyday life

and classroom contexts than their high-performing peers (Unsworth et al., 2012). Therefore the

break could be helpful in re-focusing their attention while having little to no benefit for

high-performers who were not struggling to stay on task to begin with. On the contrary, the

neural fatigue hypothesis predicts that high performers would benefit most from the breaks.

Finding the material to be difficult, low-performers may exert a lot more cognitive resources

such that a short break is not enough to have any significant impact in restoring the depleted

resources while still being useful to high-performers who did not expend as much resources.

Furthemore, the alternative hypothesis arguing that incorporating breathing breaks in the

lecture may reduce student performance is also plausible. Instead of acting as a cognitive break,

there is a possibility that the breathing task could act as a second cognitive task; thus, consuming

resources necessary for the main task, a phenomenon known as resource competition (Helton &

Russell., 2012). We chose breathing breaks because practices used in mindfulness meditation

such as breathing exercises are not as cognitively demanding as processing lecture material (Lutz

et al., 2008; Semple, 2010). However, the breaks were embedded in the lecture such that

participants continued to stare at the same screen in addition to attending to the instruction in the

break task demonstration. Further, that a content-unrelated break may act as a second cognitive

task is also consistent with previous research finding that including content-unrelated cues in

sustained-attention tasks has a detrimental impact on vigilance performance (Seli et al., 2012;

Helton & Russell., 2012). Switching between two cognitive tasks has been shown to deplete

attention and impair performance on both tasks (Rogers & Monsell, 1995, Wylie & Allport,

2000). If the breathing breaks indeed functioned as a second cognitive task we predicted that

they would hurt, other than improve, performance in subsequent learning episodes.
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To test these conflicting hypotheses we showed participants a video-recorded lecture in

which there was a break either around 10 minutes or 30 minutes into the lecture depending on

the experimental condition. Breaks consisted of one-minute breathing exercises chosen as breaks

for two main reasons. First, breathing exercises have been reported to improve attention in

different settings (e.g. see Simpson & Nelson, 1974; Telles et al, 2008). Second, breathing

exercises are not only low-effort activities but also draw on different resources than those

utilized during lecture learning (Hobfoll, 2002). This is critical because according to the neural

fatigue hypothesis the greater the neurocognitive similarity between events 1 and 2, the greater

the likelihood of recruiting the same neural network (Tulving & Rosenbaum, 2006). This

suggests that the breaks with task demands that are most divergent from those in learning will be

most successful at relieving the strain incurred by the neuronal network involved in paying

attention to and encoding the lecture material. Similarly, according to goal habituation theory, the

efficacy of a given break at deactivating the goal of the main task depends on the extent to which

it is dissimilar to the main task (Ariga & Lleras, 2010).

Student performance was assessed using a 40-question comprehension test administered

immediately after the lecture. We chose a comprehension test for two reasons. First, tests are the

most common way undergraduate performance is evaluated, typically in the form of multiple

choice questions (MCQ) (Butler, 2010). However, there is a long standing criticism of MCQ tests

arguing that they do not give an accurate assessment of what students know/remember from

lectures as students can guess answers thereon (Simkin & Kuechler, 2004; Roediger III & Marsh,

2005). Additionally, the literature on recognition memory identifies two dissociable types of

memory, namely recollection of previously studied information and mere familiarity with the

target stimulus (Yonelinas, 2002). Critics of MCQ tests argue that MCQs are poor measures of

recollection memory and mostly reflect familiarity (Reder & Ritter, 1992). To address this issue,

the test we used contained both multiple choice questions and fill-in-the-blanks questions, the

latter which has been associated with recollection memory (Simkin & Kuechler, 2004). Second,

using a comprehension test allowed us to make an assessment that followed the lecture’s

temporal structure. That is, question 1 was, for example, about the content presented in the first

minute of the lecture. This made it possible to evaluate the impact of the breaks on subsequent

learning episodes. Meaning if one group just took a break, do they perform better (or worse) on

questions following the break than the group that did not?
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Methods

Participants

Using an online recruitment portal, SONA, we recruited 94 participants enrolled in an

introductory psychology course. Students varied in reasons for taking the course with n=22 being

prospective psychology majors, n=45 taking it for a science requirement, n=12 taking it for a

pre-med requirement, n=2 both science and pre-med requirement, and n=10 others. The gender

and racial breakdown were as follows: Gender–18 Men, 43 Women, and 33 gender not reported;

Race–2 American Indian, 34 Asian, 9 Black, 37 White, 10 Multiracial, and 2 Other. The study

was approved by the IRB office at Columbia University. All participants provided informed and

voluntary consent and were compensated with course credit for their participation.

Materials

Lecture

Participants watched a 36-min video-recorded lecture on personality. It was taken directly

from the course in which participants were enrolled and scheduled to appear later in the semester.

We used an actual recorded live lecture in a lecture hall from a previous semester. When

recording the lecture, the camera was focused on the lecturer and the slides; students were not

included in the shot. This lecture was chosen because it increased the ecological validity of the

experimental paradigm as it was on authentic class material. Further, research on the region of

proximal learning has shown that students are more curious and motivated to learn when the

material is not so well known that they are bored, so difficult that they can’t possibly understand

it, and/or irrelevant to them (Kornell & Metcalfe, 2006). Given that all the participants were

taking this class, it’s safe to assume that it was within their region of proximal learning. The

content covered in this lecture would also be included in the final exam for the course, providing

students with an extra incentive to pay attention because they would be graded on it later in the

semester.

Breaks

The breaks consisted of a one-minute box-breathing exercise also known as the

"four-square breathing" technique. One round involves four exercises that alternate at a four

count, namely inhaling, holding the air in the lungs, exhaling, and holding the lungs empty. The
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breaks were edited into the lecture video and played without requiring any intervention from the

participant. At the scheduled break time, a screen appeared alerting participants that a break was

about to begin, and then participants were led through the one-minute box-breathing exercise.

Everyone took a break, but at two different times, thus creating two experimental

conditions. Participants in condition 1, henceforth referred to as Group 1, got a break

approximately 10 minutes into the lecture. We chose 10 minutes because although there is not a

consensus on the average length of student attention span (a proxy for neural fatigue), the extant

literature suggests that it is around this time (Johnstone & Percival, 1975; Bunce et al., 2010;

Wammes et al., 2017; Fenesi et al., 2018; Forrin et al., 2021). Participants in condition 2,

henceforth referred to as Group 2, got a break approximately 30 minutes into the lecture. We

chose 30 minutes into the lecture to increase the practicality of the intervention; we reasoned that

it would be easier to convince instructors to segment the lecture into 30-min sections as an

intervention, compared to 10-min segments. Further, having breaks at two different times

allowed for each Group to serve as a comparison for the other allowing for the break no-break

comparison; the impact of each break could be assessed by looking at performance differences

between the two Groups just after the break.

Learning outcomes

Memory for lecture material was assessed using a 40-question (33 MCQ, 7

Fill-in-the-blank) comprehension test administered immediately following the lecture. To assess

the impact of the breaks on subsequent learning episodes we looked at performance on questions

immediately after the breaks. We defined “immediately after” as three questions following the

break (i.e. Qn 14, 15, 16 for Group 1 and Qn 33, 34, 35 for Group 2 ) because they corresponded

to about one minute, meaning all participants who just took a break should have high attention

during that period.

Procedure

Upon arriving in the lab, participants were briefed on the broad purpose of the study and

signed the consent form. They were informed that they would be watching a lecture on a topic

they will be covering later in the course and to expect to be asked to take a break at some point in
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the lecture. Participants were also told about the comprehension test they would take upon

completion of the lecture. Figure 1 provides a schematic of the experimental design. Participants

were then randomly assigned to Group 1 (N= 47) and Group 2 (N=47). To control for any effects

of time of day we had two participants in each condition at each trial.

Student performance was assessed by a comprehension test administered immediately

after the lecture. The test questions were formulated by the researchers based on the lecture

content. To reduce ceiling and floor effects, we ran a pilot study N=27 and adjusted the questions

that 1) all or almost all participants got right by making them a little more difficult and 2) all or

almost all participants got wrong by making them a little easier. The whole experiment lasted for

about an hour.

Figure 1: Experimental design. The lecture was 36-min long. Group 1 got a break at around 10

minutes into the lecture whereas Group 2 got it around 30 minutes. Quiz testing memory for

lecture material was administered immediately after watching the lecture.
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Results

Learning outcomes prior to break intervention

As a manipulation check, we wanted to make sure there was no difference in group

performance on the baseline questions where neither group had taken a break. We used a t-test

and plotted two bars indicating the mean and the standard error of the performance in the two

groups for each question (see Figure 2). The bars are generally close to each other indicating that

there is no group difference as expected, an observation confirmed by the t-test; t(95)= 0.972,

p=0.331.

Figure 2: For the section where no one had taken a break, there was relatively similar

performance between groups.

Learning outcomes-Break 1

We were first interested in whether a break early (~10 min) in the task would benefit

subsequent memory for Group 1 measured by questions immediately after the break (i.e. Qn 14,



10

15, 16). Contrary to our hypothesis, we did not see any statistically significant differences

between the groups; t(45)= 0.684, p=0.494 (see Figure 3).

Figure 3: Group-1 and Group-2 performance immediately after break 1. There was no significant

impact of the break.

Comparing High-Performers and Low-Performers–Break 1

Next, we looked at whether break 1 impacted low and high performers differently. To

categorize Group 1 into high and low performers we used the average baseline score before

neither group had taken a break (i.e. performance on Questions 1-10). Here, the baseline score

was calculated from the first 10 questions and not 13 questions to avoid an overlap between the

baseline score and the pre-break and post-break difference measure for Group 1. To find out the

differential effect of the intervention on performance, we averaged their performance

immediately following the break (Qn 14-16) subtracting their performance on questions

preceding the break (Qn 11-13). In order to show how this baseline performance relates to group

2 (the no-break comparison) we subtracted out the mean baseline score for group 2. We then ran

a linear regression, B=-0.33, t(45)=2.72, p=0.23. There was no statistical relationship between

baseline performance and the impact of break 1 on Group 1 (see Figure 3).
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Figure 3: Comparing the impact of break 1 on high and low performers. There was no

statistically significant difference in the performance of low and high performers following the

break.

Learning outcomes-Break 2

We then examined whether a break 30 minutes into the lecture would benefit subsequent

memory for Group 2 also measured by questions immediately after the break. (i.e. Qn 33, 34,

35). There was no overall significant group difference when we averaged performance on the

three questions, t(45)=t = -0.37, p=0.71. However, Group 2 performed significantly better than

Group 1 on one of the questions Qn35⇒ t(45)=-2.51, p=0.01 (see Figure 4), and the effect

persists even after correcting for multiple comparisons using the Bonferroni correction.
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Figure 4: Group-1 and Group-2 performance immediately after break 2. Group 2 performed

significantly better on one question, Qn 35, with relatively similar performance on the other two.

Comparing high and low performers–Break 2

Next we tested whether break 2 impacted low and high performers differently. To

categorize Group 2 into high and low performers we used the average baseline score before

neither group had taken a break (i.e. performance on Questions 1-13). To find out the differential

effect of the intervention on performance, we averaged their performance immediately following

the break (Qn 33-35) subtracting their performance on questions preceding the break (Qn 29-32).

In order to show how this baseline performance relates to Group 1 (the no-break comparison)

we subtracted out the mean baseline score for Group 1. We then ran a linear regression analysis

which revealed a statistically significant slope; B=0.5845, t(45)=2.719 p=0.009, showing that

the impact of the break 2 on Group 2 was positive for high performers and negative for low

performers relative to the no-break condition in Group 1 (see figure 5). Specifically, the 95%

confidence interval for the impact of the break was entirely positive for baseline scores greater
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than 0.72 and entirely negative for baseline scores less than 0.28. So, higher performers benefited

from the break while lower performers were hurt by the break.

Figure 5: Comparing the impact of break 2 on high and low performers. The performance of

high performers improved while that of low performers decreased following the break.

Discussion

The present study showed some evidence that incorporating relaxing breaks in

video-recorded lectures can improve student performance. Specifically, there was a slightly

superior performance associated with the break given in the latter part of the lecture compared to

the null effect obtained from the break earlier in the lecture. While inconsistent with our

hypothesis that both breaks would improve performance on the subsequent questions, this result

is consistent with the broader predictions of both the neural fatigue hypothesis and goal

habituation theory. The neural fatigue hypothesis posits that there is a continuous reduction in

available cognitive resources during a given cognitive task. And, by extension, predicting that

the greatest benefit of breaks would coincide with the latter parts of the lecture in which the

resources are most depleted. The goal habituation theory also predicts greater benefits for the
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break later in the lecture because the longer the time on-task the higher the possibility of

habituating to the goal of the main task.

A question remains of why the break 10 minutes into the lecture did not have a

significant impact despite the growing studies estimating the average student attention span (a

proxy for neural fatigue) to be around 10-min (e.g. Johnstone & Percival, 1975; Bunce et al.,

2010; Wammes et al., 2017). Could it be that students do not habituate or deplete attention

resources that quickly such that 10 minutes is not a relevant threshold at least for certain

lectures? A study by Risko et al. (2011) examining the rate of student attention lapses in the form

of mind-wandering using lectures from three different courses (i.e. psychology, economics, and

classics), found an across-lecture variation. They found the highest mind wandering rates in the

classics lecture, least in the economics lecture, and intermediate amounts in the psychology

lecture. This may partly explain the inconsistency of our results with the aforementioned studies

as they used lectures from different courses such as Chemistry (e.g. Johnstone & Percival, 1975;

Bunce et al., 2010; Wammes et al., 2017). Secondly, it could also be that other kinds of breaks or

longer breaks would be more effective at alleviating the strain incurred by the neural network

involved in lecture learning and thus have more detectable effects. More work is needed to

investigate these unanswered questions.

To better gauge the efficacy of the breathing breaks as well as other kinds of breaks,

future studies could use brain imaging techniques such as functional magnetic resonance imaging

(fMRI) and electroencephalography (EEG). It would help in identifying the exact brain regions

involved in processing the lecture material as well as those involved in attending to the break

task. This is crucial because the efficacy of a given break depends on the extent at which it is

supported by neural networks that are non-overlapping with those utilized during learning

(Tulving & Rosenbaum, 2006). That is, it is important to establish that the break task is indeed

acting as a cognitive break rather than a second cognitive task, as switching between two

cognitive tasks has been shown to deplete attention and impair performance (Rogers & Monsell,

1995, Wylie & Allport, 2000). This is especially relevant because there seems to be some,

although weak and inconclusive, evidence pointing towards break 2 impairing performance

before becoming beneficial. That is, the impact of break 2 did not take effect until a few

moments later (Qn 35) contrary to immediately after (Qn 33 and Qn 34). In fact, although

insignificant, Group 2 who had just taken a break performed numerically worse on Qn 33 and Qn
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34 than Group 1. Additionally, break 2 hurt the performance of low performers, further

suggesting that the break task might have acted as a second cognitive task at least for some

individuals.

The differential impact of break 2 on low and high performers showed the opposite trend

than we had anticipated. Contrary to our hypothesis from the goal habituation theory that the

breaks would be most beneficial for low performers, their performance actually suffered a

decline following break 2. This could have been due to the issue discussed above, namely the

break acting as a second cognitive task as opposed to a cognitive break for low performers. It

leaves the question, however, of why this was not the case for high performers. A more plausible

explanation is that low performers could have had more difficulty understanding the material and

exerted a lot more cognitive resources to stay on task such that a one minute break was too short

to have any significant impact in restoring the depleted resources. This interpretation is

consistent with Helton & Russell (2012) findings that brief mental breaks are not effective at

preventing lapses of sustained attention in highly demanding cognitive tasks.

On the other hand, high performers may have found the material relatively easy to

understand and needed not to expend much cognitive resources to stay on task. That is, while the

perceptual load of the lecture was the same for both groups, the cognitive load of the lecture was

subject to individual differences in cognitive capacities with high performers likely to perceive it

as a low cognitive load and low performers as high cognitive load. Compared to high cognitive

load tasks, vigilance to low cognitive load tasks (e.g. monotonous tasks) have been shown to

benefit from brief mental breaks (Manly, 2008). From the goal habituation theory viewpoint, this

also makes sense as easy (vs. difficult) tasks are easier to habituate to such that a brief task

switch would reactivate the goal of the main task. Additionally, low performers generally

struggle with attention control (Unsworth et al., 2012), and as such may have been struggling

with paying attention from the very beginning. On the contrary, high performers likely had the

needed resources to pay attention and were struggling to stay focused on only one goal for a

prolonged period of time, an issue that could be fixed by a brief switch to another task and then

back to the main task, providing a potential explanation for the post-break 2 boost for

high-performers.

Future research can use 1) measures of perceived mental workload and feelings of mental

exhaustion to test whether high performers indeed report low scores compared to low performers
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and 2) brain imaging techniques to see if the scores correlate with blood flow to areas necessary

for maintaining vigilance (Shaw et al. 2009, 2012). It’s been shown that the rate of vigilance

decrement is proportional with the declines in cerebral blood flow to brain regions such as the

anterior cingulate cortex (ACC), right prefrontal cortex, right inferior and parietal regions, and

the thalamus (Hitchcock et al. 2003; Lim et al. 2010; Shaw et al. 2009, 2012). If low-performers

are expending more resources than high performers, therefore, we would expect to see less

activity in the relevant regions.

It’s worth testing the above hypothesis, indeed, given the emerging evidence that

video-recorded lectures may be widening ​​the achievement gap by enhancing the learning

outcomes of high performers while reducing that of low performers. For instance, in a study

where students were randomly assigned to either a live lecture or watching the same lecture live

streamed online, they found higher performance in in-person vs online lectures, a result that was

particularly strong for lower-achieving students (Fligio et al., 2013). Using the same

experimental design, Caucult et al., 2021 found that attending lectures via live streaming lowers

and increases performance for low-ability and high-ability performance respectively. In another

study examining the effects of flipped classroom instruction, Setren et al. (2021) found that

low-achieving students as measured by ACT scores experienced no significant effects while their

high-achieving peers experienced significant positive gains. And, Le Kein (2022) found that

pre-recorded lectures reduced the outcome of low-performing students while they had no effect

on high-performing students. Understanding the neural mechanisms driving these differences,

therefore, would be critical in finding interventions that address the unique needs of different

groups of students.

One of the main strengths of the present study is that we used authentic course materials.

This said, however, many limitations sprung up from this fact. First, for the questions to better

reflect a typical comprehension test they were of varying difficulty. This could have undermined

or mute the effects of the breaks in the case that the majority of post-break questions were harder

than pre-break questions for some participants. It also made it challenging to do within-group

analyses examining whether there was an improvement in performance given the difficulty in

parsing apart the contribution of the break from that of the difference in post-break (vs.

pre-break) question difficulty level. Second, all the participants in our study were taking an

introductory psychology course, however, they differed in reasons for taking the class ranging
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from being prospective psychology majors to fulfilling a science requirement. Past literature has

shown that higher levels of intrinsic motivation to learn are correlated with higher concentration

levels during learning (Dweck et al., 2003; Bester & Brand, 2013). It’s unclear from our study

that this had a significant effect on performance. However, to get an even less contaminated

effect of the break intervention, future studies may use a sample with similar reasons for taking

the target class.

Lastly, one of the greatest variabilities in student attention arises from differences

between instructors (Bradbury, 2016). Although this does not disqualify the evidence that

relaxing breaks improve attention, it may be a major contributing factor to the obtained results.

Future research should examine the extent to which the effectiveness of relaxing breaks in

improving attention varies with different instructors. Along the same vein, future studies may

evaluate whether the obtained effect is replicable across different courses especially in the light

of Risko et al. 's (2011) findings showing a significant across-lecture variation in student

attention lapses. Taken together, these studies suggest that reaping the benefits of interventions

aimed at improving student attention may require careful customization to the course in question.

In summary, the present study adds onto the growing effort to use cognitive psychology

research to enrich education experiences (e.g. Metcalfe & Kornell., 2007). It provides some

evidence that relaxing breaks can improve student attention during video-recorded lectures,

thereby providing an important step towards finding effective interventions to sustain the

ever-shortening student attention spans. In particular, it shows that taking brief cognitive breaks

benefits high-performing students but worsens the performance of low-performers. From this

result, we recommend a substantial degree of caution when introducing classroom interventions

because even well-meaning interventions may result in unintended consequences such as

widening the performance gap between low and high achieving students.



18

References

Ariga, A., & Lleras, A. (2011). Brief and rare mental “breaks” keep you focused: Deactivation

and reactivation of task goals preempt vigilance decrements. Cognition, 118(3), 439–443.

https://doi.org/10.1016/j.cognition.2010.12.007

Alpert, W. T., Couch, K. A., & Harmon, O. R. (2016). A Randomized Assessment of Online

Learning. The American Economic Review, 106(5), 378–382.

https://doi.org/10.1257/aer.p20161057

Alarfaj, M., Pervaiz, M., Ghadi, Y. Y., Shloul, T. A., Alsuhibany, S. A., Jalal, A., & Park, J.

(2023). Automatic Anomaly Monitoring in Public Surveillance Areas. Intelligent

Automation and Soft Computing, 35(3), 2655–2671.

https://doi.org/10.32604/iasc.2023.027205

Atkinson, R. C., & Shiffrin, R. M. (1968). Human memory: A proposed system and its control

processes. In Psychology of learning and motivation (Vol. 2, pp. 89-195). Academic Press.

Bester, G., & Brand, L. (2013). The effect of technology on learner attention and achievement in

the classroom. South African Journal of Education, 33(2), 1–15.

https://doi.org/10.15700/saje.v33n2a405

Bettinger, E., Fox, L. A., Loeb, S., & Taylor, E. (2017). Virtual Classrooms: How Online College

Courses Affect Student Success. The American Economic Review, 107(9), 2855–2875.

https://doi.org/10.1257/aer.20151193

Bradbury, N. B. (2016, November 8). Attention span during lectures: 8 seconds, 10 minutes, or

more? American Physiological Society.

https://journals.physiology.org/doi/full/10.1152/advan.00109.2016

Breslow, L., Pritchard, D. E., DeBoer, J., Stump, G. S., Ho, A. D., & Seaton, D. T. (2013).

Studying learning the worldwide classroom: Research into edX’s first MOOC. Research

& Practice in Assessment, 8, 13–25.

Bligh, D. A. (1985). What’s the use of lectures? Journal of Geography in Higher Education,

9(1), 105–106. https://doi.org/10.1080/03098268508708932

Bunce, D. M., Flens, E. A., & Neiles, K. Y. (2010). How Long Can Students Pay Attention in

Class? A Study of Student Attention Decline Using Clickers. Journal of Chemical

Education, 87(12), 1438–1443. https://doi.org/10.1021/ed100409p

https://doi.org/10.1016/j.cognition.2010.12.007
https://doi.org/10.1257/aer.p20161057
https://doi.org/10.32604/iasc.2023.027205
https://doi.org/10.15700/saje.v33n2a405
https://doi.org/10.1257/aer.20151193
https://journals.physiology.org/doi/full/10.1152/advan.00109.2016
https://doi.org/10.1080/03098268508708932
https://doi.org/10.1021/ed100409p


19

Butler, A. J. (2018). Multiple-choice testing in education: Are the best practices for assessment

also good for learning? Journal of Applied Research in Memory and Cognition, 7(3),

323–331. https://doi.org/10.1016/j.jarmac.2018.07.002

Cacault, M. P., Hildebrand, C., Laurent-Lucchetti, J., & Pellizzari, M. (2021). Distance Learning

in Higher Education: Evidence from a Randomized Experiment. Journal of the European

Economic Association. https://doi.org/10.1093/jeea/jvaa060

Chun, M. M., & Turk-Browne, N. B. (2007). Interactions between attention and memory.

Current Opinion in Neurobiology, 17(2), 177–184.

https://doi.org/10.1016/j.conb.2007.03.005

Dweck, C. S., Mangels, J. A., & Good, C. (2004). Motivational Effects on Attention, Cognition,

and Performance. In Routledge eBooks (pp. 55–70).

https://doi.org/10.4324/9781410610515-9

Fenesi, B. F. (2018, June 1). Sweat So You Donâ��t Forget: Exercise Breaks During a University

Lecture Increase On-Task Attention and Learning. ScienceDirect.

https://www.sciencedirect.com/science/article/abs/pii/S2211368116301929#fig0010

Figlio, D. N., Rush, M. G., & Yin, L. (2013). Is It Live or Is It Internet? Experimental Estimates

of the Effects of Online Instruction on Student Learning. Journal of Labor Economics,

31(4), 763–784. https://doi.org/10.1086/669930

García-Morales, V. J., Garrido-Moreno, A., & Martín-Rojas, R. (2021). The Transformation of

Higher Education After the COVID Disruption: Emerging Challenges in an Online

Learning Scenario. Frontiers in Psychology, 12.

https://doi.org/10.3389/fpsyg.2021.616059

Gorissen, P., van Bruggen, J., & Jochems, W. (2012). Students and recorded lectures: Survey on

current use and demands for higher education. Research in Learning Technology, 20,

297–311. https://doi-org.ezproxy.cul.columbia.edu/10.3402/rlt.v20i0.17299

Johnstone, A. H.; Percival, F. Educ. Chem. 1976, 13, 49–50.

Hobfoll, S. E. (2002). Social and Psychological Resources and Adaptation. Review of General

Psychology, 6(4), 307–324. https://doi.org/10.1037/1089-2680.6.4.307

Hunter, E. M., & Wu, C. (2016). Give me a better break: Choosing workday break activities to

maximize resource recovery. Journal of Applied Psychology, 101(2), 302–311.

https://doi.org/10.1037/apl0000045

https://doi.org/10.1016/j.jarmac.2018.07.002
https://doi.org/10.1093/jeea/jvaa060
https://doi.org/10.1016/j.conb.2007.03.005
https://doi.org/10.4324/9781410610515-9
https://www.sciencedirect.com/science/article/abs/pii/S2211368116301929#fig0010
https://doi.org/10.1086/669930
https://doi.org/10.3389/fpsyg.2021.616059
https://doi-org.ezproxy.cul.columbia.edu/10.3402/rlt.v20i0.17299
https://doi.org/10.1037/1089-2680.6.4.307
https://doi.org/10.1037/apl0000045


20

Helton, W. S., & Russell, P. (2012). Brief mental breaks and content-free cues may not keep you

focused. Experimental Brain Research, 219(1), 37–46.

https://doi.org/10.1007/s00221-012-3065-0

Hitchcock, E., Warm, J. S., Matthews, G., Dember, W. N., Shear, P. K., Tripp, L. D., Mayleben,

D. W., & Parasuraman, R. (2003). Automation cueing modulates cerebral blood flow and

vigilance in a simulated air traffic control task. Theoretical Issues in Ergonomics Science,

4(1–2), 89–112. https://doi.org/10.1080/14639220210159726

Le, K. (2022). Pre-Recorded Lectures, Live Online Lectures, and Student Academic

Achievement. Sustainability, 14(5), 2910. https://doi.org/10.3390/su14052910

Lutz, A., Slagter, H. A., Dunne, J. P., & Davidson, R. J. (2008). Attention regulation and

monitoring in meditation. Trends in Cognitive Sciences, 12(4), 163–169.

https://doi.org/10.1016/j.tics.2008.01.005

Lima, E. M., & Memarzadeh, K. (2020). The rise of artificial intelligence in healthcare

applications. Elsevier eBooks, 25–60.

https://doi.org/10.1016/b978-0-12-818438-7.00002-2

​​Manly, T., Robertson, I. H., Galloway, M., & Hawkins, K. (1999). The absent mind: further

investigations of sustained attention to response. Neuropsychologia, 37(6), 661–670.

https://doi.org/10.1016/s0028-3932(98)00127-4

Metcalfe, J., & Kornell, N. (2007). Principles of cognitive science in education: The effects of

generation, errors, and feedback. Psychonomic Bulletin & Review, 14(2), 225–229.

https://doi.org/10.3758/bf03194056

Mishra, L., Gupta, T., & Shree, A. (2020). Online teaching-learning in higher education during

lockdown period of COVID-19 pandemic. International Journal of Educational Research

Open, 1, 100012. https://doi.org/10.1016/j.ijedro.2020.100012

Oken, B., Salinsky, M. C., & Elsas, S. (2006). Vigilance, alertness, or sustained attention:

physiological basis and measurement. Clinical Neurophysiology, 117(9), 1885–1901.

https://doi.org/10.1016/j.clinph.2006.01.017

Picciano, A. G. (n.d.). The Evolution of Big Data and Learning Analytics in American Higher

Education. https://eric.ed.gov/?id=EJ982669

https://doi.org/10.1007/s00221-012-3065-0
https://doi.org/10.1080/14639220210159726
https://doi.org/10.3390/su14052910
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/b978-0-12-818438-7.00002-2
https://doi.org/10.1016/s0028-3932(98)00127-4
https://doi.org/10.3758/bf03194056
https://doi.org/10.1016/j.ijedro.2020.100012
https://doi.org/10.1016/j.clinph.2006.01.017
https://eric.ed.gov/?id=EJ982669


21

Reder, L. M., & Ritter, F. E. (1992). What determines the initial feeling of knowing? Familiarity

with question terms, not with the answer. Journal of Experimental Psychology: Learning,

Memory, and Cognition, 18, 435–451. https://doi.org/10.1037/0278-7393.18.3.435

Risko, E. F., Anderson, N. C., Sarwal, A., Engelhardt, M., & Kingstone, A. (2012). Everyday

Attention: Variation in Mind Wandering and Memory in a Lecture. Applied Cognitive

Psychology, 26(2), 234–242. https://doi.org/10.1002/acp.1814

Roediger, H. L. III, & Marsh, E. J. (2005). The Positive and Negative Consequences of

Multiple-Choice Testing. Journal of Experimental Psychology: Learning, Memory, and

Cognition, 31(5), 1155–1159. https://doi.org/10.1037/0278-7393.31.5.1155

Rogers, R. D., & Monsell, S. (1995). Costs of a predictable switch between simple cognitive

tasks.Journal of Experimental Psychology: General, 124(2), 207–231.

https://doi-org.ezproxy.cul.columbia.edu/10.1037/0096-3445.124.2.207

Schacter, D. L., & Szpunar, K. K. (2015). Enhancing attention and memory during

video-recorded lectures. Scholarship of Teaching and Learning in Psychology, 1(1),

60–71. https://doi.org/10.1037/stl0000011

Seli, P., Cheyne, J. A., & Smilek, D. (2012). Attention failures versus misplaced diligence:

Separating attention lapses from speed–accuracy trade-offs. Consciousness and

Cognition, 21(1), 277–291. https://doi.org/10.1016/j.concog.2011.09.017

Semple, R. J. (2010). Does Mindfulness Meditation Enhance Attention? A Randomized

Controlled Trial. Mindfulness, 1(2), 121–130. https://doi.org/10.1007/s12671-010-0017-2

Setren, E., Greenberg, K., Moore, O. W., & Yankovich, M. (2021). Effects of Flipped Classroom

Instruction: Evidence from a Randomized Trial. Education Finance and Policy, 16(3),

363–387. https://doi.org/10.1162/edfp_a_00314

Shaw, T. H., Warm, J. S., Finomore, V., Tripp, L. D., Matthews, G., Weiler, E. M., &

Parasuraman, R. (2009). Effects of sensory modality on cerebral blood flow velocity

during vigilance. Neuroscience Letters, 461(3), 207–211.

https://doi.org/10.1016/j.neulet.2009.06.008

Simkin, M. G., & Kuechler, W. L. (2005). Multiple-Choice Tests and Student Understanding:

What Is the Connection? Decision Sciences Journal of Innovative Education, 3(1), 73–98.

https://doi.org/10.1111/j.1540-4609.2005.00053.x

https://doi.org/10.1037/0278-7393.18.3.435
https://doi.org/10.1002/acp.1814
https://doi.org/10.1037/0278-7393.31.5.1155
https://doi-org.ezproxy.cul.columbia.edu/10.1037/0096-3445.124.2.207
https://doi.org/10.1037/stl0000011
https://doi.org/10.1016/j.concog.2011.09.017
https://doi.org/10.1007/s12671-010-0017-2
https://doi.org/10.1162/edfp_a_00314
https://doi.org/10.1016/j.neulet.2009.06.008
https://doi.org/10.1111/j.1540-4609.2005.00053.x


22

Simpson, D. D., & Nelson, A. G. (1974). Attention Training Through Breathing Control To

Modify Hyperactivity. Journal of Learning Disabilities.

https://doi.org/10.1177/002221947400700502

Tulving, E., & Rosenbaum, R. S. (2006). What do explanations of the distinctiveness effect need

to explain? In R. R. Hunt & J. B. Worthen (Eds.), Distinctiveness and memory (pp.

407–423). Oxford University Press.

https://doi-org.ezproxy.cul.columbia.edu/10.1093/acprof:oso/9780195169669.003.0018

Wammes, J. D., & Smilek, D. (2017). Examining the influence of lecture format on degree of

mind wandering. Journal of Applied Research in Memory and Cognition, 6(2), 174–184.

https://doi.org/10.1037/h0101808

World Economic Forum. These 3 charts show the global growth in online learning. (2023, May

1). https://www.weforum.org/agenda/2022/01/online-learning-courses-reskill-skills-gap/

Wylie, G. R., & Allport, A. (2000). Task switching and the measurement of “switch costs.”

Psychological Research-psychologische Forschung, 63(3–4), 212–233.

https://doi.org/10.1007/s004269900003

Young, M. S., Robinson, S., & Alberts, P. (2009). Students pay attention! Active Learning in

Higher Education, 10(1), 41–55. https://doi.org/10.1177/1469787408100194

Unsworth, N., McMillan, B. D., Brewer, G. A., & Spillers, G. J. (2012). Everyday attention

failures: An individual differences investigation. Journal of Experimental Psychology:

Learning, Memory and Cognition, 38(6), 1765–1772. https://doi.org/10.1037/a0028075

https://doi.org/10.1177/002221947400700502
https://doi-org.ezproxy.cul.columbia.edu/10.1093/acprof:oso/9780195169669.003.0018
https://doi.org/10.1037/h0101808
https://www.weforum.org/agenda/2022/01/online-learning-courses-reskill-skills-gap/
https://doi.org/10.1007/s004269900003
https://doi.org/10.1177/1469787408100194
https://doi.org/10.1037/a0028075

