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Abstract. Task-unrelated thoughts are a common experience for students that
negatively impact learning outcomes. In the context of learning from videos,
research has attempted to mitigate the impact by including interpolated testing at
pauses in the video. The results of these studies are mixed and indicate that interpo-
lated testing may not have a practical effect on reducing task-unrelated thoughts.
In the present study, we aim to investigate whether writing self-explanations has a
stronger effect than interpolated testing on reducing task-unrelated thoughts and
improving learning outcomes. We recruited 138 participants distributed across
three groups and presented them with the same video to review. The first group
was the control group. The participants in the second group answered interpolated
tests, and the participants in the third group wrote self-explanations at pauses in
the video. All participants completed a knowledge test before and after watching
the video to compare learning outcomes between groups. While previous studies
have captured thought reports using probes at pre-determined intervals, we used
self-caught thought reports in anticipation that participants expecting to write
self-explanations would engage in metacognitive monitoring and thus become
meta-aware. We found no significant difference between the groups regarding
knowledge gain or meta-awareness. However, the number of thought reports writ-
ten correlated positively with knowledge gain, indicating that learners who are
meta-aware while learning from a video perform better on subsequent knowledge
tests.

Keywords: Video-Based Learning - Mind Wandering - Interpolated Testing -
Self-Explanation

1 Introduction

Videos are a primary medium for the delivery of course content in higher education.
The use of video brings numerous advantages for students in terms of flexible access
and timing of study. However, students are also challenged in maintaining focus and
minimizing task-unrelated thoughts while engaging with video content. For instance,
students may find themselves distracted by thoughts of social engagements or other
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non-academic matters. These kinds of thoughts can result in missing information that
is presented in the video. While it is inevitable that these off-task thoughts occur, their
impact on learning can be mitigated.

Research has shown that while students engage in an educational activity, they will
have unrelated thoughts for around 30% of the time [1]. Such task-unrelated thoughts
have been shown to negatively correlate with learning outcomes [1, 2]. In the context
of learning from videos, practical approaches to reduce the volume of task-unrelated
thoughts have been studied to determine impact on learning outcomes. Such methods
include the use of notetaking [3, 4], pretesting [5, 6], and interpolated testing [5, 7,
8]. However, the findings from these studies are mixed and inconclusive. For example,
interpolated testing, including multiple-choice tests at pauses in the video, has been
touted as a means to reduce task-unrelated thoughts. However, the effectiveness of this
approach in reducing such thoughts and enhancing learning outcomes remains uncertain
with studies producing mixed findings [S]. An alternate method involves prompting
students to write self-explanations at specific pauses during a video [9]. This approach
shows potential for reducing task-unrelated thoughts, as the writing of self-explanations
requires the integration of newly acquired information with existing knowledge [10].
This integration process requires frequent metacognitive monitoring [11], which could
lead learners to an increased awareness of having task-unrelated thoughts [12].

In order to test this assumption, we compared the effect of interpolated testing
and writing self-explanations to reduce task-unrelated thoughts and increase learning
outcomes using self-caught thought reports as a result of meta-awareness.

2 Background

2.1 Conceptualization of Off-Task Thoughts

While engaging in a learning task, students will often experience thoughts unrelated to
the goal. These thoughts are called off-task thoughts. We conceptualize off-task thoughts
as any internal thoughts unrelated to the task. We can break these off-task thoughts into
two sub-concepts: task-unrelated thoughts and task-related interference [13, 14]. For
the context of this paper, we conceptualize task-unrelated thoughts (TUT) as off-task
thoughts that bear no relationship to the intended learning task—for instance, social
or non-academic topics. The second type of off-task thought termed task-related inter-
ference (TRI), is conceptualized as an off-task thought that bears some relationship to
the requested learning task. These include thoughts about the appraisal of the specific
task or associated criteria [13, 14]. Such as, remembering previous parts of a lecture or
wondering how long a lecture video will last.

2.2 Off-Task Thoughts and Learning

Off-task thoughts or task-unrelated thoughts (TUTs) have been shown to interrupt a
learners’ ability to process external information [15]. These interruptions in informa-
tion processing detract a student’s capacity for engaging with task-related information,
thereby decreasing the achievement of learning outcomes [16, 17]. However, the extent
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TUTs influence learning outcomes can vary depending on the type of off-task thought
a learner engages with. A meta-analysis by Wong et al. [1] on the occurrence of TUTs
during educational activities, demonstrated that TUTs occur about 30% of the time and
there is a negative relationship between TUT frequency and learning outcomes [1, 2].
While there is no meta-analysis on task-related interference (TRI) during educational
activities, TRI is estimated to occur about 20% to 25% of the time and shows no clear
correlation with learning outcomes [18]. Due to the negative effect of TUTSs on learning
outcomes, there have been attempts by various researchers to reduce TUTs, for example,
by including interpolated testing at pauses in a video.

2.3 Effect of Interpolated Testing on Task-Unrelated Thoughts

Research on the effect of interpolated testing on TUT when learning from videos has
produced mixed results (see Szpunar et al. [7], Jing et al. [8], and Welhaf et al. [S]). An
initial study by Szpunar et al. [7] on interpolated testing and TUTs involving a 21-min
statistics video found that interpolated testing reduced TUTs, with participants taking
more notes than a control group with no tests. The authors reproduced these results
of reducing TUTs in a follow-up study [7] with an additional experimental condition
in which the participants received the same interpolated test questions and the answers.
Similar to the initial study, the participants were allowed to take notes, and the participants
in the interpolated testing group took more notes than those in the other two groups
[7]. However, subsequent research by Jing et al. [8] using a longer video (40 min)
failed to reproduce the effect of reducing TUTs by interpolated testing. In this instance,
the interpolated testing group took more notes and performed better on the posttests
compared to the other group, which was restudying the material instead of being quizzed.
In a follow-up study [8], the participants in the interpolated testing group performed
better on the posttests and reported fewer TUTs than the other group. In contrast to the
prior studies, the groups did not differ in the quantity of notetaking.

The findings from Jing et al. [8] leads to questions about the relationship between
notetaking behavior and TUTs. To address this Welhaf et al. [5] recruited 195 university
students to watch a 52-min video in a 2x2 design with the conditions being matched
or mismatched pretesting and interpolated testing or restudying. The participants in the
interpolated testing condition experienced fewer TUTs than in the restudy condition.
However, interpolated testing also did not lead to an increase in learning outcomes. The
mixed findings suggest that the desired effect is too small to be of practical use [5].
While the studies by Szpunar et al. [7] and Jing et al. [8] support the use of interpolated
testing to reduce TUTS, the participants in these studies were allowed to take notes,
and in one study, Jing et al. [8] could not reproduce the effect of reducing TUTs by
interpolated testing. When Welhaf et al. [5] prevented participants from taking notes
during their study, the effect of interpolated testing on reducing TUTs was diminished
but still observable. Considering the varied outcomes associated with interpolated test-
ing, exploring alternative interpolated activities that bolster student learning warrants
attention. Investigating whether these activities similarly mitigate TUTSs, such as writing
self-explanations, could offer valuable insights.
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2.4 Self-explanations

A self-explanation is a learning activity in which learners write explanations to them-
selves. In a study by Fiorella et al. [9], the learning benefits of self-explanations were
compared to the effect of rewatching a video or drawing. The findings demonstrated
that participants who wrote self-explanations performed better on retention and transfer
posttests than the remaining 2 groups. In their follow-up research, Fiorella [19] next com-
pared the effect of writing self-explanations at pauses in a video on learning outcomes
to a restudy group. Although differing to the previous study [9] this data collection was
performed online, and not in a controlled laboratory environment The results reflected
Fiorella’s earlier work [9]. Learners who wrote a self-explanation performed better on
a transfer posttest than those who restudied the provided material. There was no differ-
ence between the groups on the retention test [19]. These findings strengthen the claim
that self-explanations are an effective learning strategy. It remains unclear if including
self-explanations during pauses in a video also reduces TUTs.

Given the effectiveness of self-explanation for enhancing understanding and per-
formance in individuals who use self-explanation to address TUTs, it’s plausible that
anticipating the composition of a self-explanation could also reduce TUTs for partici-
pants. The writing of self-explanations requires the learner to engage in metacognitive
monitoring [11], which may also be initiated in anticipation of composing the self-
explanation while viewing the video. During this metacognitive monitoring, learners
may become meta-aware of off-task thoughts.

2.5 Meta-awareness

Meta-awareness is a concept rooted in metacognition, referring to the ability to con-
sciously recognize one’s mental state [20, 21]. This process involves periodically turn-
ing the mind’s focus onto itself. A practice known as metacognitive monitoring or
meta-awareness. Essentially, meta-awareness represents reflecting on your individual
thoughts, subject to the same limitations inherent in cognition, such as capacity con-
straints. This limitation implies that an individual may only become aware of certain
thoughts while remaining oblivious to others [22]. When one achieves meta-awareness,
it often becomes the prevailing thought [ 12]. However, even partial awareness can suffice
to recognize off-task thoughts and redirect attention to the requested learning task.
Researchers usually measure meta-awareness by employing self-caught thought
reports [23]. That is, researchers’ direct participants to report their off-task thoughts as
soon as they become aware. This approach contrasts with the often-used probe-caught
method, where participants are interrupted with a thought probe and asked to respond
[24]. Researchers have predominantly used the probe-caught method in prior studies
examining the effect of interpolated testing on TUTs [5, 7, 8]. It is unknown whether
the effect of interpolated testing reduces TUTs when using self-caught thought reports.

2.6 Theoretical Framework

The theoretical framework for this study is grounded in metacognition, focusing on meta-
awareness and generative learning theory. Metacognition encompasses the understand-
ing and regulation of one’s cognitive processes. An essential aspect of metacognition
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is the cycle of metacognitive monitoring and control whereby individuals first monitor
their current state of mind and then engage in a control action to guide their cognitive
process [25-27].

Generative learning theory complements this understanding. While engaging with a
generative learning activity, such as writing a self-explanation, learners need to select rel-
evant information from the content they are studying, organize the selected information
into a mental model, and relate this new mental model to prior knowledge, thus inte-
grating the new content with previous knowledge [10]. This process requires learners to
engage in metacognitive monitoring and control cycle to assess their current understand-
ing and regulate their cognitive processes to deepen their understanding [11] to positively
affect their learning outcomes [10]. In essence, if learners are aware that they are required
to write self-explanations during pauses in the instructional video, they may engage in
intermittent metacognitive monitoring to ensure a thorough understanding of the con-
tent before writing the self-explanation. This practice of intermittent monitoring could
support learners to become meta-aware of their off-task thoughts, potentially reducing
the frequency of TUTs thereby enhancing more sustained cognitive engagement with
the learning material.

While previous studies have documented the occurrence of off-task thoughts during
video-based learning and their potential to influence learning outcomes negatively, the
results of studies aiming to reduce off-task thoughts using interpolated testing have been
mixed. Particularly, the role of anticipatory strategies—such as the foreknowledge of
interpolated testing or self-explanation requirements— in promoting meta-awareness
and reducing off-task thought occurrences remains unexplored. This gap underscores
the need for empirical investigation into how the anticipation of active engagement
with learning material influences learners’ cognitive processes and, by extension, their
learning outcomes. This study aims to examine whether interventions like interpolated
testing and self-explanation writing can improve learning outcomes and explore whether
anticipating such tasks enhances a learners’ meta-awareness.

3 Research Question and Hypotheses

The first research question is: Does writing self-explanations at pauses during video
learning sessions more effectively reduce task-unrelated thoughts and enhance learning
outcomes compared to interpolated testing or no intervention?

Based on this research question, we formulated the following hypotheses:

Hypothesis 1: There will be a significant difference in knowledge gain among the
three experimental groups (control, interpolated testing, self-explanation). Specifically,
the self-explanation group will exhibit the highest knowledge gain, followed by the
interpolated testing group and the control group.

Hypothesis 2: There will be a significant difference in the number of thought
reports written among the three experimental groups (control, interpolated testing, self-
explanation). Specifically, the self-explanation group will write the most thought reports,
followed by the interpolated testing group, and lastly, the control group.
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Given that TUTs are negatively correlated with learning outcomes following the
recent meta-analysis by Wong et al. [1] and that TUTs with meta-awareness do not
negatively affect subsequent performance [28], the second research question is: Does
the number of thought reports, in total and by thought type, correlate with learning
outcomes?

4 Method

The University Human Research Ethics Committee granted approval and the study is
preregistered at: https://osf.io/4dg5u. The data and materials supporting this study are
accessible at: https://data.unisa.edu.au/dap/Dataset.aspx ?DatasetID=818303.

4.1 Design

We employed a between-subjects factorial design with three groups. The three groups
correspond to the three experimental conditions. The groups are (1) a control group,
(2) an interpolated testing group, and (3) a self-explanation group. Of interest is the
intervention used during the video-watching session (answering a thought probe in the
control group, answering a thought probe and interpolated tests, or answering a thought
probe and writing self-explanations). The control group was also interrupted in their
learning to account for uninterrupted study time across groups. An interruption in the
study flow can influence the processing of task-related information, which can lead
to a change in learning outcome [29, 30]. Uninterrupted study time across groups is
controlled by ensuring consistency for all groups. Instead of an activity (interpolated
testing or self-explanation), the control group is only asked to answer a thought probe
upon interruption. Each participant completed a pre and post-knowledge test as a measure
of performance. The study used self-caught thought reports to measure meta-awareness.
Self-caught thought reports require participants to indicate their off-task thoughts when
they realize they were off-task, which is a form of experience sampling [23, 24].

4.2 Sample Size

The study included 180 participants randomly assigned to one of three experimental
groups (control, interpolated testing, and self-explanation). Each group contained 60
participants. Initially, the sample size was based on the study by Szpunar et al. [7], who
employed a similar design by comparing TUT rates across three groups. Power analysis
with an effect size of f = .44 for the difference between groups on TUT frequency
[7], a = .05, 1 — B = .95, and three groups indicated a required sample size of 28 per
group. To leave room for error during data collection, the researchers aimed to recruit
30 participants per group, resulting in 90 participants.

Following the recruitment of the initial 90 participants and subsequent hypotheses
testing, which led to their rejection, we decided to deviate from the preregistration
protocol and double our sample size to ensure the study was adequately powered. This
decision brought our total number of participants to 180.
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4.3 Participants

For this study, we recruited 180 participants using the online recruitment platform Pro-
lific, of which 42 did not complete all parts of the study and were excluded. All par-
ticipants were at least 18 years old, spoke English as their first language, enrolled as a
student, and have no diagnosed mental health condition. The participants were required
to be students as the study focus was on the use of interpolated testing or self-explanation
writing in higher education. The requirement of no mental health condition was included
because some mental conditions can lead to an increase in off-task thoughts [31]. Par-
ticipation in the study was approximately 30 min, and participants received £4.50 as
compensation for their time. The participants had an average age of M = 27 years (SD
= 8) with a gender distribution of 34% female and 66% male.

4.4 Procedure

First, participants provided demographic information and completed a pretest of 5 knowl-
edge questions. Following the pretest, off-task thought was operationalized to the par-
ticipants as any thoughts not focused on the current task and the video content at that
moment. A short comprehension quiz assessed participants’ understanding of off-task
thought. Participants were instructed to report their off-task thoughts whenever they
realized they were off task by clicking on a button that opened a pop-up where the
participants could record what they were thinking.

After this explanation, the participants were informed about the upcoming learning
activity (interpolated testing or self-explanations) at pauses in the video. All participants
then watched the same video titled “Why Is Blue So Rare In Nature?” [32] with a duration
of 8 min and 20 s. This video explores why blue is rare in living organisms despite its
prevalence in elements like the sky and ocean. The participants could not control the
video; pausing or navigating within the video player was disabled.

The researchers interrupted the video watching of all three groups three times, with
each interruption occurring at the same time within the video for all groups. The first
interruption occurred at 2 min and 33 s, the second at 5 min and 2 s, and the third at 7 min
and 30 s. The main difference between the groups was what the researchers asked the
participants to do during each interruption. The control group was requested to write a
thought report, the interpolated testing group to answer three multiple-choice questions,
and the self-explanation group to write self-explanations. After watching the video, the
researchers instructed the participants to engage in a filler task to reduce information
retrieval from working memory. This step involved completing a math test in a manner
similar to that adopted by Szpunar et al. [7] and Jing et al. [8]. Upon completing the
filler task, the researchers asked the participants to answer the posttest, which consisted
of the same knowledge test as the pretest. The participants had not received the results
of the pretest and thus had to obtain the information required to answer the posttest from
the video.

4.5 Data Coding

The first two authors of this paper manually coded the free-text thought reports provided
by the participants. The coding categories were on-task, external distraction, TUT, and
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TRI, following the conceptual division of cognitive experiences by Smallwood and
Schooler [33]. A participant’s thought about the video’s content at the time of the thought
report, was classified as on-task. In contrast, a thought report about external perceptions
(e.g., pets in the room) was deemed an external distraction. Thoughts unrelated to the task
(watching the video) were classified as TUT. We classified a thought about the task that
represented an interruption in the flow of the task (e.g., thinking about the task’s difficulty,
questioning understanding) as TRI. All thought reports were coded independently by
two coders. The interrater agreement between the two coders, measured using Cohen’s
kappa, was k = 0.47. The coders resolved disagreements through discussion.

4.6 Analysis Plan

Following the preregistration protocol, we planned to test hypothesis 1 using an Analysis
of Covariance, and hypothesis 2 using an Analysis of Variance. We also planned to
conduct an exploratory analysis using a Multivariate Analysis of Variance to determine
group differences by thought type. Additionally, we planned to use a Kruskal-Wallis test
instead if the assumptions for either of the parametric analysis methods were not met.
Additionally, in deviation from the preregistration protocol, we performed a correlational
analysis between thought type frequency and learning outcomes to answer the second
research question.

5 Results

5.1 Data Exclusion

Incomplete data was excluded from the analysis. Of the 180 participants recruited, 42 did
not complete all parts of the study and were excluded. This resulted in 138 participants
for analysis. Before each analysis segment, an outlier detection process was carried out.
Outliers were identified using the standard deviation method, a cutoff of two standard
deviations, and the interquartile range method. All outliers were then excluded from the
analysis. The resulting group distribution is 47 participants in the control group, 51 in
the interpolated testing group, and 40 in the self-explanation group.

5.2 Hypothesis 1 Testing

A Kruskal-Wallis test was conducted to assess the groups’ differences in knowledge
gained on the posttest. The Kruskal-Wallis test was chosen because the assumptions for
an Analysis of Covariance were unmet. Table 1 shows the group’s pretest, posttest, and
change score (posttest result minus pretest result). The results of the Kruskal-Wallis test
did not indicate a statistically significant difference between the groups, H(2) = 1.913,
p = .384. Therefore, Hypothesis 1 is rejected.
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Table 1. Knowledge test scores by group

Variable Control Interpolated Testing Self-explanation
(n=47) (n=51) (n =40)
Mean (SD) Mean (SD) Mean (SD)
Pretest 0.85 (0.81) 0.76 (0.86) 0.93 (0.86)
Posttest 2.87 (1.19) 3.12 (1.01) 3.33(1.25)
Pre/Posttest change 2.02(1.41) 2.35(1.29) 2.40 (1.48)

5.3 Hypothesis 2 Testing

A Kruskal-Wallis test was conducted to test whether there was a difference between
the groups in the number of self-caught thought reports they wrote. The Kruskal-Wallis
test was chosen because the assumptions for an Analysis of Variance were unmet. The
results of the Kruskal-Wallis test did not indicate a statistically significant difference
between the groups, H(2) = 3.453, p = .178. Therefore, Hypothesis 2 is rejected.

5.4 Exploratory Analysis

In addition to the previously described confirmatory analysis, an exploratory analysis
was undertaken to determine differences between the groups and the number of thought
reports written for each type of off-task thought (TUT or TRI). For this analysis, the self-
caught thought reports and the probe-caught thought reports were used. An overview of
the number of thought reports by type is presented in Table 2.

Table 2. Number of thought reports by type and group

Variable Control Interpolated Testing Self-explanation
(n =294) (n=321) (n = 260)

On Task 38 57 39

External Distraction 15 34 14

TUT 127 119 115

TRI 114 111 92

The assumptions for a Multivariate Analysis of Variance to compare the number

of thought reports by type and group were not met. Instead, the Kruskal-Wallis test
was used to determine whether groups had statistically significant differences for each
type of off-task thought. The Kruskal-Wallis tests revealed no statistically significant
differences among groups for TUT, H(2) = 0.546, p =. 761, as well as for TRI, H(2) =
2.522,p = .283.
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5.5 Correlational Analysis

To answer the second research question, we conducted a correlational analysis between
the total number of thought reports, TUT, TRI, and learning outcomes (posttest
minus pretest result). The assumptions for Pearson’s correlation were not met; instead,
Kendall’s rank correlation was used. The number of thought reports a participant wrote
positively correlates with the learning outcome, T = .1527, H(1) = 2.33, p = .009892.
The number of TUTs showed no correlation with learning outcome, T = .07999, H(1)
= 1.198, p = .8845, and neither did the number of TRIs, T = .06661, H(1) = 0.995, p
=.3197.

6 Discussion

This study compared the effects of interpolated testing and writing self-explanations
at pauses in a video on learning outcomes and the number of thought reports written
by participants. The first hypothesis stated that there would be a significant difference
between the three groups (control, interpolated testing, and self-explanation) in the result
of a knowledge test. This hypothesis was rejected based on the result of a Kruskal-Wallis
test, showing no significant difference between the groups. The findings indicate that the
interpolated testing group did not perform better than the control group, which is in line
with prior research. Welhaf et al. [5] also found no increase in learning outcomes for
participants who were prompted with interpolated testing while learning from a video.
However, the results of the present study and that by Welhaf et al. [5] lies in contrast
to the reported research by Szpunar et al. [7] and Jing et al. [8] who both allowed their
participants to take notes and found significant effects for increased learning outcomes
due to interpolated testing. Notetaking was not allowed in the study by Welhaf et al.
[5] and in our study and in both cases no significant effect of interpolated testing on
increased learning outcomes could be observed.

Considering that our data collection was performed online using a retention test,
our results align with previous research. While the first study by Fiorella et al. [9], con-
ducted in a controlled laboratory environment, found a significant effect for writing self-
explanations on a retention and a transfer test [9], the effect of writing self-explanation
on a retention test was not found when the data was collected in a less controlled online
environment [19]. These results align with the result of our hypothesis test, in both cases
the data was collected in an uncontrolled online environment and found no effect of
writing self-explanations on a retention test.

The second hypothesis was a direct test of the theoretical framework and stated that
there would be a significant difference between the groups in the number of self-caught
thought reports they wrote. These self-caught thought reports indicate that a learner
engaged in metacognitive monitoring and realized they were off-task, they were meta-
aware. The second hypothesis was motivated by the assumption that learners would
engage in metacognitive monitoring in anticipation of learning tasks at pauses in a
video. In short, learners would become meta-aware and write a thought report if they
were off task. This hypothesis was rejected based on a Kruskal-Wallis test between the
three groups on the number of thought reports they wrote. Combined with generative
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learning theory [11], this result suggests that while learners need to engage in metacog-
nitive monitoring while writing the self-explanation, they do not do so in expectation
of having to write a self-explanation or answer a multiple-choice test. This result was
further explored in an exploratory analysis by breaking down the thought reports into the
categories of TUTs and TRIs and comparing the groups on these types of thoughts. The
results of this comparison showed that there also were no differences between the groups
in the number of TUTs or TRIs reported. This result shows that the effect of reducing
TUT by including interpolated testing in a video can only be observed when measuring
TUTSs using thought probes [5, 7, 8] and further supports the assertation by Welhaf et al.
[5] that using interpolated testing to reduce TUTs might be of limited utility.

Additionally, we explored whether the total number of thought reports, TUTs, or
TRIs correlated with learning outcomes. Based on the meta-analysis by Wong et al.
[1], the assumption was that TUTs would correlate negatively with learning outcomes.
Although the results of the meta-analysis by Wong et al. [1] are mainly based on studies
using probes to measure TUT, and in the subgroup analysis for their meta-analysis,
there was no difference in the correlation with learning outcomes between probe-caught
TUTs and self-caught TUTs, this meta-analysis only included two papers in which the
participants learned from videos and used self-caught thought report. The first paper
by Kopp et al. [34] resulted in a nonsignificant correlation between off-task thoughts
and comprehension performance of r = -0.024. The second paper by Zhang et al. [35]
included two studies using self-caught thought reports while learning from a video.
The first study showed a significant correlation between TUTs and a posttest score of
r = 0.37, and the second a nonsignificant correlation of » = 0.04. Therefore, while
the overall result of the meta-analysis shows a negative correlation between TUTs and
learning outcomes, the comparable sources paint a different picture with mixed results.
Our result of no correlation between TUTs and learning outcomes (t = .07999) is
consistent with prior studies when considering that we used self-caught thought reports
to measure off-task thoughts while learning from a video. While there also was no
correlation between TRIs and learning outcomes, this was an expected result for TRIs
based on the estimation by Welhaf et al. [18]. The only significant finding was that
the total number of thought reports correlated positively with increased performance
on the knowledge test. This result of a positive correlation of meta-awareness with test
performance lies in contradiction to the previous research. Smallwood et al. [28] found
that TUTs with meta-awareness did not negatively affect performance [28] and that there
is no correlation between meta-awareness and performance [36]. This result means that
participants who wrote more thought reports and thus were more meta-aware performed
better on the subsequent knowledge test. This indicates that meta-awareness can mitigate
the negative consequences of off-task thoughts on learning outcomes.

7 Limitations

A limitation of the current study involves the online data collection methodology
employed via Prolific. This approach prevented the researchers from regulating the
environment in which participants engaged with the study. Despite instructions for par-
ticipants to undertake the study in a distraction-free setting, we cannot exclude the poten-
tial for engagement in environments prone to interruptions. Such conditions may have
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impacted the number of thought reports documenting external distractions, accounting
for 11% of all thought reports. The online nature of the study further limited control
over whether participants took notes during the experiment. Notetaking reduces the
occurrence of TUTSs in the expectations of interpolated testing [7, 8]. Consequently, it
is possible that some participants ignored instructions and took notes while watching
the videos, leading to increased performance on the posttest. This limitation could be
overcome by replicating this study design in a controlled environment.

The duration of the video utilized in this research (8 min and 20 s) is notably shorter
than those used in prior studies investigating the impact of interpolated testing on TUTs,
which have spanned from 21 to 52 min [5, 7, 8]. This discrepancy raises the possibility
that the abbreviated video length contributed to the absence of observable differences in
the volume of thought reports between groups. Considering that TUTs increase over time
[37], the chosen video might have been too short for many off-task thoughts to occur,
which could be overcome by using alonger video. Moreover, the video’s format may have
served as an additional variable. Unlike previous research that employed lecture videos
from higher education contexts, this study utilized an engaging educational YouTube
video, which could have contributed to the participants’ paying closer attention to the
content and could be a topic for future research.

Lastly, the employment of Open edX’s experimental function, in conjunction with
pre-established accounts on a research and learning platform distributed to Prolific users,
coupled with a high attrition rate, resulted in unequal group distributions. This imbal-
ance may have further influenced study findings and could be overcome by recruiting
participants by group until the required number of participants by group is reached.

8 Conclusion

This study investigated the impact of interpolated testing and writing self-explanations
at video pauses on learning outcomes and participant engagement in metacognitive mon-
itoring, as evidenced by thought reports. Contrary to the stated hypotheses, we found no
significant differences in knowledge test results across the control, interpolated testing,
and self-explanation groups. This outcome challenges previous findings on the efficacy
of these strategies for enhancing learning from video content. Moreover, our investi-
gation into the frequency of self-caught thought reports did not reveal the anticipated
differences among groups, suggesting that these learning strategies may not influence
learners’ metacognitive monitoring to the extent hypothesized. Further exploration into
the types of thought reports—TUTSs and TRIs—also showed no significant differences
among the groups, raising questions about the utility of interpolated testing in reducing
off-task thoughts.

Interestingly, a positive correlation between the total number of thought reports and
improved knowledge test performance suggests that higher meta-awareness levels could
counteract the potential learning detriments of off-task thoughts. While it is inevitable
that learners will experience off-task thoughts, whether they are aware of their off-
task thoughts or not could be the factor that influences if these off-task thoughts also
influence their learning outcomes. Consequently, this calls for further research into how
meta-awareness while learning can be increased.
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