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Abstract
Although online lectures have become increasinglyutar, their effectiveness at promoting
learning can be attenuated ioynd wanderingshifts in attention away from the task at-hand
towards unrelated thoughts). We investigated whidtkeng tests on to-be-studied information,
also known agretesting could mitigate this problem and promote learningwo experiments,
participants viewed a 26-min video-recorded onlewure that was paired with a pretest activity
(answering questions about the lecture) or a cbattivity (solving algebra problems), and with
multiple probes to measure attention. Taking pteteiuced mind wandering and improved
performance on a subsequent final test comparttetoontrol condition. This result occurred
regardless of whether pretests were interspersedghout the lecture (Experiment 1) or were
administered at the very beginning of the lectlingperiment 2). These findings demonstrate
that online lectures can be proactively structuceeduce mind wandering and improve learning
via the incorporation of pretests.
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General Audience Summary
Although video-recorded lectures have become isongéy prevalent at many levels of
education, such lectures are often highly suscdeptibthe effects afnind wandering-that is,
shifts in attention away from external stimulatiowards unrelated thoughts. These shifts in
attention are especially difficult to prevent inioe settings. We investigated whetlpeetesting
or being tested on information before it is presdrior learning, helps reduce the incidence of
mind wandering during video lectures. Across twpegkments, undergraduate students viewed a
lecture that was accompanied by pretesting or &a@aaigebra problem-solving activity.
Pretesting occurred either between portions ofdbeire or entirely before the lecture. Mind
wandering was measured at multiple points througti@ilecture and learning was measured on
a subsequent final test. In both experiments, gtieg—whether it occurred between parts of the
lecture or entirely before it—resulted in signifitly less mind wandering and better final test
performance than the control activity. Overall gbdéindings have broad implications for online
learning: Administering pretests before a videdues, or during the lecture itself, can

substantially benefit student learning.
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Pretesting Reduces Mind Wandering and Enhances L earning During Online L ectures
During lectures, students often engagenind wandering-that is, shifts in focused
attention away from external stimulation and tovgasdlf-generated thoughts that are unrelated

to the task at hand (Smallwood & Schooler, 2006afmeta-analysis, see D’Mello, 2018).
Although the prevalence and timing of such mind eing varies (Stuart & Rutherford, 1978;
Wilson & Korn, 2007), it is not uncommon for a thito well over half of the students attending
a lecture to mind wander and with increasing freqyeas the lecture progresses (e.g., Bunce et
al., 2010; Lindquist & McLean, 2011). Mind wandeyiduring lectures is, unsurprisingly,
associated with poorer learning outcomes (e.gkd=e$ al., 2012; Szpunar, Khan, et al., 2013;
for a review see Schacter & Szpunar, 2015).

The growing popularity of online education (inclngiMassive Open Online Courses
(MOOC:s), flipped classrooms, and by necessity dubé global coronavirus pandemic) further
exacerbates the problem of mind wandering for iegtrOnline courses rely heavily on video-
recorded lectures. Although such lectures haveeasad the accessibility of learning, they are
often viewed in distraction-prone settings (Ho&isVas, 2016) and commonly in the absence of
an instructor that might be able to improve stusléioicus on lecture content. Many students also
report that paying attention is more difficult, arades of student engagement appear to drop
more rapidly, when lectures are online as opposéa-person (Guo et al., 2014; Jensen, 2011;
Kim et al., 2014; Timmons, 2020). All of these cemts heighten the urgency of finding
solutions to address the problem of mind wandedungng lectures.

I nterventionsto Prevent Mind Wandering During L ectures

Although some researchers have focused on degemiiimd wandering when it occurs

(e.g., Bixler & D’'Mello, 2015) and intervening afteards, other researchers have focused on

preventing mind wandering altogether. Evidencdlierefficacy of such techniques has been
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mixed (for reviews see Szpunar, 2017; Szpunar, Maukt al., 2013). For instance, Burke and
Ray (2008) reported improvements in concentratibemstudents were asked to generate
guestions or discuss them with peers during lesta® did Bunce et al. (2010) when instructor-
provided clicker questions and demonstrations wepemented during lectures. The
techniques used in both studies, however, havioye investigated under fully controlled
experimental conditions and in online settings. tMagt al. (2018) observed that another
technique, namely re-watching videos, exacerbates of mind wandering during online
lectures. Other potential interventions includerstrang videos and modifying their visual
layout (for discussions see Guo et al., 2014; In&ahyers, 2018).

Interspersing practice tests throughout a leatui@her learning materials, a technique
known agnterpolated testingranks as one of the most promising mind wandeartegventions
investigated to date. In two experiments, Szpukhan, et al. (2013) had undergraduate students
view a 21-minute video-recorded online lecture @tadistics topic that was divided into four
clips. After each clip, students (a) took a cuezhligest on the content that had just been
covered, (b) solved arithmetic problems, or (ci&d the test questions with the answers
provided. Across both experiments, interpolatetrigs/ielded fewer bouts of mind wandering,
increased the quantity of notes that students dlwing the lecture, lowered test anxiety, and
improved performance on a cumulative final testa follow-up study, Jing et al. (2016) found
that interpolating tests throughout a 40-minutghesegment video-recorded online lecture on
the subject of public health also increased ndtimggand improved final test performance.
Although no overall reductions in mind wanderintatiee to a non-testing condition were
found, interpolated testing caused participanistegrate units of information more effectively
and increased their proportion of self-reporteduezrelated thoughts; these thoughts were

positively associated with final test performaritiee results of both studies suggest that
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interpolated testing alters the extent to whichiriees think about the content of video lectures as
they are viewing them, leading to improved learning
The Benefits of Pretesting for Learning and Memory

The efficacy of interpolated testing for reducinghndwandering constitutes a further
benefit ofretrieval practice(taking recall tests to enhance memory; for regieee Bjork, 1975;
Pan & Rickard, 2018; Roediger & Butler, 2011), whis one of the most potent learning
techniques discovered to date. In the present stgdiyvestigated whether another promising
test-based technique, pretesting (otherwise kn@\preguestioning or errorful generation)
might also reduce mind wandering during lectur@sil&r to retrieval practice, pretesting also
involves taking tests, but such tests odmefiorethe study of to-be-learned information (for
reviews see Kornell & Vaughn, 2016; Metcalfe, 204&e also Pan & Bjork, in press), rather
than afterwards. Owing to their lack of preexistkmpwledge, learners often generate many
incorrect answers during pretesting and only leditthe correct answers upon subsequent study
or when they receive feedback (e.g., Pan et al9Rrucially, pretesting followed by studying
of target materials or correct answer feedbacldgighproved long-term memory—also known
as thepretesting effeet-relative to conditions that lack pretests and mol information is
simply studied (e.g., Richland et al., 2009).

The pretesting effect has been successfully demaiadtacross a plethora of
educationally-relevant circumstances. Benefitsrefgsting have been found for stimuli ranging
from semantically-related word pairs and triviatéa@.g., Kornell et al., 2009) to text passages
(e.g., Little & Bjork, 2016) and educational vidg@sg., Toftness et al., 2018), and in both
laboratory and classroom settings (e.g., Carpettak, 2018). There are also theoretical reasons
to expect that pretesting might improve learnebdits to stay focused during lectures and in

other pedagogical contexts. For instance, CarpamigiToftness (2017; see also Bjork et al.,
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2013) noted that pretesting might serve as a megtaitee “reality check”—that is, highlighting
the gaps in one’s knowledge and facilitating ade#&or the relevant information during
subsequent study. Another possibility is that [atatg may stimulate curiosity, which in turn
improves attention for the information that follo(@eller et al., 2017; see also Metcalfe & Finn,
2011). Although these accounts focus on how piietgsenefits memory, they also imply that
pretests can substantially influence attentionrdukearning—and more broadly, raise the
possibility that attentional changes may contriliotéhe pretesting effect itself.

A recent study provides additional insights. Asrésur experiments, St. Hilaire and
Carpenter (2020) had participants take a pretést for viewing a lecture video, during which
they either took notes or filled out a worksheeitt ttontained the pretest questions. A pretesting
effect was only observed when participants hadessfally identified the answers to the pretest
guestions while watching the video (as indicateth@ir notes or on the worksheet). This finding
suggests that the pretesting effect relies on &armemory for pretest questions, with learning
enhanced via the focusing of attention on previptedted information. If so, then reduced mind
wandering might be a consequence of pretesting.

The Present Study

In two experiments, we investigated whether pretgsnight reduce mind wandering
and help learners stay more focused during videtodes. Experiment 1 investigated
interpolated pretestingvherein pretests occur at several points durilegtaire, and Experiment
2 compared interpolated pretesting agatostventional pretestingyherein all pretest questions
precede an entire lecture. Our implementation tefrpolated pretests was similar to the
arrangement of recall tests in Szpunar, Khan,.€RalL3), with the crucial difference that test
guestions were administered before, rather tham,afach portion of the lecture. In both

experiments, we measured mind wandering via attemirobes presented after each of four parts
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of the lecture, and assessed any learning bewédits cumulative final test that included both
previously pretested and new questions drawn flardcture (cf. James & Storm, 2019;
Toftness et al, 2018). Additionally, in both expeents we asked participants to provide a
metacognitive judgment of learning after viewing timtire lecture (similar to Szpunar et al.,
2014), and in the second experiment, we also asggssticipants’ memory for the pretest
guestions.
Experiment 1

Experiment 1 investigated whetheterpolated pretesting-interspersing pretest
guestions at four points throughout a video lectudecreases mind wandering and improves
learning.
Method

Participants. Undergraduate psychology students from the paatittipool at a large
university on the west coast of the United Statetigpated in exchange for partial course credit
(i.e., students from a variety of psychology coarseuld enroll in the experiment). All
participants gave informed consent and the experinvas approved by the Institutional Review
Board (IRB) of the university. A power analysisngthe G*Power program (Faul et al., 2007)
indicated that a sample of 84 participants woulshéeded to detect small to medium-sized
effects { = 0.20) using a 2x2 mixed factorial design witk 0.05 and power of 0.95.
Compliance with experiment instructions, which ud#d sitting through each part of the lecture
and answering a series of questions that werepioiied throughout the lecture, was critical
given that learning was assessed on a memoryttdst and of the experiment. Therefore, we
recruited in excess of 84 participants; data fr@% fiarticipantsdontrol condition,n = 52;
pretestcondition,n = 53) were included in the analyses.

Design. As shown in Figure 1, the video lecture was divided four parts, and each
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part appeared within a segment that included aseffipre-video activities and a post-video
attention probe. Similar to Szpunar, Khan, et2013; Experiment 1), all participants were
randomly assigned to one of two conditions in whilah pre-video activity consisted of algebra
problems that were unrelated to the lecture (cértindition) or pretest questions that were
drawn from the part of the lecture that was shawthat given segment (pretest condition). To
assess learning, all participants took a final aésthe end of the experiment that included
pretestedjuestions (questions that appeared on the pretagtaewquestions (questions on
content that was not pretested but covered ingtieile). As such, this experiment employed a 2
(condition: control vs. pretest; between-subjext8)(test questions: pretested vs. new) mixed
factorial design.

Materials. The materials consisted of a 26-minute video le;t82 questions that were
used to assess the learning of lecture conteraldg&bra problems that were used in place of
pretest questions in the control condition, anngitbe probe to measure mind wandering, and a
post-lecture metacognitive probe that involved mgla prediction of final test performance.

Video-recorded online lecture. We used a video lecture on signal detection thdwaty
was previously featured in Toftness et al. (20B&cause this lecture was prepared for an actual
course, it consisted of a series of slides witlhiais, along with a voiceover of an instructor
explaining the content (i.e., the instructor waarldebut not seen). For the purpose of the present
study, we divided the video into four approximatetual parts of 5-6 minutes in length, with
each part beginning and ending at a natural tiangpoint in the lecture. The videos, which
were always presented in chronological order, vwersted on YouTube and embedded within
the experiment.

Pretest and final test questions. We created eight multiple-choice questions for each

video part, with half of those questions appeaasgretest questions and all of them appearing
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on the final test (wherein they were categorizedragested questions or newestions). All 32
guestions included four options with one corredvear. Similar to Carpenter et al. (2018), the
guestions were based on facts taken almost verlfiaimmthe lecture (e.g.Anything that
complicates detection of a signal is referred ta.& and the four options weré\! Noise”, “B:
Delta”, “C: Interference”, and “D: Residudl). We also created 32 algebra problems for the
control condition that were relatively difficult bdid not require a calculator to solve (e.qg.,
“Solve for x: 5x — 6 = 3x —'B

Mind wandering and metacognitive probes. To measure participants’ self-reported mind
wandering during each part of the lecture, we wsedttention probe that state®’du just
watched a portion of a lecture for about 5 minut@sring that time, how closely was your
ATTENTION focused on the vidédqef. Weinstein, 2018). Participants typed in arer from
0 ("not focused on the video at all”) to 100 (“erty focused on the video”). To assess
participants’ ability to predict their performanoe a memory test of the lecture content, we used
a judgment of test performance probe that statédu‘just watched, across four segments, a
lecture on Signal Detection Theory. If you wergale a test on that lecture, what
PERCENTAGE OF QUESTIONS would you expect to ANSSVHRRECTLY ?’Participants
typed in a number from 0 (“none correct”) to 108l(‘torrect”). The instructions that
accompanied both probes urged participants to resps honestly and accurately as possible.

Procedure. The entire experiment was programmed and accessegl LimeSurvey
(Limesurvey GmbH), presented via the Google Chrarternet browser, and took
approximately one hour to complete. Participantageted the study in a laboratory testing
room that was equipped with web-enabled desktogpabens. The instructions for the
experiment stated that participants would be cotmge series of tasks (e.g., watching videos,

answering questions or solving simple algebra gmisl and taking surveys), that such tasks
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would be randomly chosen by the computer, andttieat should not take any notes. They were
instructed to approach each task seriously a®¥ tere in an actual classroom (Szpunar, Khan,
et al., 2013), pay attention to the best of thkilitg, and wear headphones.

Study phase. As illustrated in Figure 1, the study phase inctufir segments, each
consisting of a 4-minute pre-video activity, onetpd the video lecture, and an attention probe
(in that order). The only difference between the Bxperimental conditions was the pre-video
activity within each segment: the control conditinoluded eight algebra problems, each
presented for 30 seconds; whereas, the pretestticonicicluded four multiple-choice questions
that pertained to the lecture content of the sulesetly presented video, each presented for 60
seconds. Participants in the latter condition wele that they might not know the correct
responses to the questions, but that they shalllldedect their best guess. The four pretest
guestions for each segment were initially randoselfected from a set of eight questions but
then remained the same for all participants, withdrder of those selected questions
randomized within each segment for each particigdatspecific feedback was provided, but
the correct answers to the pretest questions imesn gegment could be discovered during the
viewing of the video that was presented in thatrseg.

Following the pre-video activities, all participarthen watched the appropriate part of
the lecture by selecting the play icon on the stréach video was introduced as “a portion of a
lecture on Signal Detection Theory.” Although pagants were reminded to watch each video
in its entirety and all other video controls weréden from view, it was still technically possible
to skip to the next screen using the browser ctsjttoe data from any participant who did so
were removed from analysis. After the presentatioeach lecture segment, participants
responded to an attention probe, and after theffm@gment, to a judgment probe as well (they

were made explicitly aware that this probe wasedéht from the attention probe that they had
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just seen on the previous screen). The judgmeriepmoarked the end of the study phase.

Distractor task and final test. After the judgment probe, all participants compdieses-
minute distractor task in which they answered @&seaf questions that were unrelated to the
lecture content (e.qg., list as many world curresici¢. S. states, and U.S. presidents as you can
recall). That task was followed by a final memagttthat was self-paced and consisted of 32
multiple-choice questions (16 of which had beers@néed during the four tests in the pretest
condition and 16 of which were never-before-seegstions). Participants in the pretest
condition had been previously exposed to 16 ofsthénal-test questions, but participants in the
control condition had not been exposed to any ef3 final-test questions. The questions were
presented one at a time in a random order detednainew for each participant. Once
participants completed the final test, they wererigéed and dismissed.
Results and Discussion

Pretest performance. Mean performance on the pretests was 53%=< 15%). When
the pretested questions were re-presented onrthletdéist, mean performance on them was 83%
(SD= 13%) in the pretest condition, an indicatiorsigiificant learning improvements from
watching the lecturg(51) = -19.25p<.001,d = 2.67

Final test performance. Control and pretest condition performance on tle¢gsted and
new questions of the final test are listed in Tdbbnd were analyzed using a 2 (condition:
control vs. pretest) x 2 (test questions: pretegsechew) mixed-design Analysis of Variance
(ANOVA). This analysis involved participant-levelean data for all final test questions;
however, as is evident upon inspection of Tabkarhjlar patterns were observed for final test
guestions from the different study phase segm@usrall test performance was found to be
significantly higher in the pretest conditiad & 79%,SD = 15%) than in the control condition

(M = 72%,SD = 15%),F(1, 103) = 7.75MSE= .04,p = .006,n,2 = .07. Consistent with
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expectations, test performance was also found gdgmficantly higher on pretested questions
(M = 77%,SD = 15%) than new questions! (= 73%,SD= 16%),F(1, 103) = 8.10MSE= .01,
p = .005n,2 = 07.

In addition, a significant interaction between cibiod and test questions was observed,
F(1, 103) = 9.06MSE=.01,p = .003np? = .08. Test performance was similar between piedes
guestionsM = 72%,SD = 14%) and new questionsl (= 72%,SD = 16%) in the control
condition,t(52) = .11p = .910—an expected pattern of results given thaquestions labeled
as pretest items for participants in the controlditon were that in name only. In fact, none of
the questions appearing on the final test had pemriously seen by the control participants. In
contrast, for the pretest participants, only hathe questions appearing on the final test were
new given their exposure to pretested questionggltine study phase. Consistent with this
difference, final-test performance was indeed grean pretested questiorid € 83%,SD =
13%) than on new questiond & 75%,SD = 17%) for participants in the pretest conditit{B;l)
=4.22,p<.001,d=0.56.

Finally, test performance on pretested questiorshigher in the pretest condition than
in the control conditiont(103) = 4.31p < .001,d = 0.82. This observed pretesting effect
replicates prior findings that show the same leayfienefit in a variety of other content domains
(e.g., Little & Bjork, 2016; Richland et al., 2009)he benefits of pretesting for learning of the
lecture, however, appeared to be specific to tiierd that was previously pretested and did not
transfer to new, yet related, content (cf. Carpeft@oftness, 2017), a pattern demonstrated by
the lack of a significant difference between thet@st and control conditions on new question
performancet(103) = .88p = .379.

Mind wandering probes. The results from the mind wandering probes aredigh

Table 2. To analyze whether interpolated pretesteased attention to the lecture content, we
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compared the reported attention averaged acrogeuherobes between the control and pretest
conditions. Across the four probes, participanthapretest conditioM = 67%,SD = 18%)

did report paying more attention during the lecttmenpared to participants in the control
condition (M = 59%,SD = 23%),t(103) = 1.99p = .049,d = 0.39.

We conducted an additional analysis to examinedlaionship between reported
attention and final test performance across couindl pretested conditions. As illustrated in
Panel A of Figure 2, we observed a significanttreteship between reported attention and test
performancef = .51),t(101) = 4.95p < .001, but it did not interact with condition, iaglicated
by a non-significant interactiot(101) = .63 p = .528. Together, these results suggest that
although pretesting increased attention to theiteatontent, it was not related to sustaining
attention throughout the entire lecture, given thatslopes related to reported attention and test
performance did not differ across the two condgion

Finally, further inspection of the mind wanderin@lpe data indicates that participants’
attention to the lecture gradually waned acrognatn probes in both conditions, which is
consistent with the finding that mind wandering gasrease as time passes (e.g., Thomson, et
al., 2014), but not in all cases (e.g., Wammes. £2@16).

Judgment of final test performance. For the judgments of final test performance that
were administered at the conclusion of the studisphno significant difference between the
pretest M = 67%,SD = 20%) and controlM = 62%,SD = 22%) conditions was observe(,03)
=1.34,p=.182. We conducted an additional analysis tarexa the relationship between the
judgment of test performance and actual test pmdoce across control and pretested
conditions, wherein we observed a significant oNeetationship between predicted and actual
performancef = .43),t(101) = 4.03p < .001, but no interaction with condition as iratexd by

a non-significant interactiom(101) = 1.71p = .091. These results, which are depicted in Panel



PRETESTING AND MIND WANDERING 15

B of Figure 2, suggest that the accuracy with wipatticipants were able to predict how well
they would score on the final test did not diffsraafunction of their assigned condition.
Experiment 2

Experiment 1 gave rise to two critical findingstdrpolated pretests reduce mind
wandering and improve learning of pretested conféme goals of Experiment 2 were two-fold:
first, to replicate and extend the results of Expent 1 in a fully online learning context, and
second, to investigate how the effectiveness efpaiated pretesting, as used in Experiment 1,
would compare to that of a more common type ofgstatg; namely, when all pretest questions
are presented prior to the presentation of thestéelrned material, which we refer to as
conventional pretestingt was also thought that being able to make thmgarison would help
us more fully evaluate factors contributing to bemefits of interpolated pretesting as observed
in Experiment 1. More specifically, were the betsefibserved in Experiment 1—that is, reduced
mind wandering and improved learning—primarily do€a) the presence of pretest questions at
multiple points throughout the lecture and (b) ¢chese proximity between those questions and
relevant lecture content? We surmised that bottofaevould be more effective due to their
acting, in essence, as repeated interventionsglthialecture rather than a single intervention
prior to it.

Method

Experiment 2 was preregistered at: https://asptrediorg/wv36s.pdf.

Participants. Experiment 2, which was conducted entirely onlineplved participants
recruited from a large university in eastern Canadachange for partial course credit. Similar
to the prior experiment, the participants were ugdaluate psychology students. All
participants gave informed consent and the experinvas approved by the Institutional Review

Board (IRB) of the university. A power analysisngthe G*Power program indicated that a
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sample of 102 participants would be needed to tsteall to medium-sized effects< 0.20)
using a 3x2 mixed factorial design with alpha &50and power of 0.95. We again recruited in
excess of that amount; data from 143 participarast(ol condition,n = 47; interpolated pretest
condition,n = 47; conventional pretestondition,n = 49) were ultimately included in the
analyses.

Design. All participants were randomly assigned to onehoé¢ conditions: control,
interpolated pretest, and conventional pretesilldstrated in Figure 3, for the control and
interpolated pretest conditions, respectively,gresentation of each of the four parts of each
lecture was preceded by an activity involving sadvalgebra problems or by taking a 4-minute
pretest about the content of the to-be-presentgdrie segment. In the conventional pretesting
condition, however, participants were given allrfptetests prior to presentation of any of the
four lecture presentations, which were then shawatessively and only separated by the
presentation of an attention probe. The final i identical to that of Experiment 1. As such,
Experiment 2 employed a 3 (condition: control wéerpolated pretest vs. conventional pretest;
between-subjects) x 2 (test questions: pretestedeve) mixed factorial design.

Materialsand procedure. The materials and procedure were the same as tfiose
Experiment 1 except for the following changes. gdtticipants completed the experiment
online, using their own personal laptops or comyai@nd from any location that provided a
stable Internet connection. A conventional pretesidition was added wherein all four pretests
appeared prior to presentation of the lecture. @lpestests were presented in the same order as
they appeared in the interpolated pretest cond{tieny consecutively ordered in accordance with
the lecture parts that followed). Furthermore, ratte final test, participants in both pretest
conditions were probed for their memory of the @segjuestions. The probe consisted of the

following question: 'You were given a set of questions to answer bgfmrevatched the videos.



PRETESTING AND MIND WANDERING 17

These are what we call PRETESTS. Please recalbay of the PRETEST questions as you
can.” This probe was included to explore potential ddferes between the two pretesting
conditions (we hypothesized that the differentiacpment of the pretest questions might affect
the recallability of those questions). After pagants finished answering that question, they
were debriefed and the experiment concluded.
Results and Discussion

Pretest performance. Overall, participants in the interpolated pretesidition
performed significantly better on the pretedts{ 48%,SD = 15%) than participants in the
conventional pretest conditioM(= 38%,SD= 13%),t(94) = 3.52p =.001,d = 0.71. Further
inspection of the pretest data reveals that tiepatity was not apparent on the first pretbst(
45%,SD =27% andM = 42%,SD =26%, in the interpolated and conventional pretest
conditions, respectively) but rather manifestedssisubsequent pretests (the conventional
pretest condition declined ¥ = 28%,SD =21% on the final pretest, whereas no such decline
was observed in the interpolated pretest conditiBn}sible reasons for the decreased
performance in the conventional pretest conditraiude the need to answer progressively more
challenging pretest questions without the benéfi@ving any portion of the video lecture, as
well as reduced motivation or effort that may haceurred over an extended set of pretest
guestions. Crucially, both the interpolat®éd £ 76%,SD = 19%) and the conventionail(=
81%,SD= 14%) pretest conditions demonstrated signifit@ating improvements between the
pretest and final test as measured by performamdkeomatching final test question@l6) = -
10.74,p<.001,d = 1.58, and(48) = -17.59p < .001,d = 2.47, respectively.

Final test performance. We conducted a 3 (condition: control vs. interpedgpretest
vs. conventional pretest; between-subjects) x& (feestions: pretested vs. new) mixed-design

ANOVA to examine final test performance on pretdsiad new questions across the three
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different conditions. As with the prior experimetitis analysis involved participant-level mean
data for the entire final test (see Table 1); tr@e overall patterns were observed across
segments for all conditions. A significant maifeet of condition was observed(2, 140) =
7.54,p < .001,m,? = .10, suggesting that test performance was sigmifly lower in the control
condition M = 65%,SD = 19%) than in the interpolated pretest condi{fdn= 74%,SD = 17%),
t(92) = -2.47p =.015,d = 0.50, and the conventional pretest conditddn=78%,SD = 15%),
t(94) = -3.79p <.001,d = 0.76. These findings thus replicate the resubs Experiment 1 and
from other studies demonstrating a pretesting eftéantrary to our expectations, however,
there was no significant difference in overall {@stformance between the two pretest
conditions t(94) = 1.22p = .227, which suggests that both forms of pretgsither
interpolated throughout the lecture or one in wlatilpretest questions occur before the entire
lecture is presented, were comparable in theicg#feness at enhancing learning compared to
not providing any pretests at all. As expected, gesformance was higher on pretested questions
(M = 75%,SD = 18%) than on new questiorid & 70%,SD= 20%), as indicated by a
significant main effect of test questiofs(1, 140) = 13.30p < .001mp>= .09.

The interaction between condition and test questibawever, was not significari,(2,
140) = .67p = .513. As reflected by the two main effects, pEsformance on pretested
guestions was significantly lower in the controhdgion M = 67%,SD= 19%) compared to the
interpolated pretest conditioM(= 76%,SD = 19%),t(92) = -2.19p = .031,d = 0.47, and the
conventional pretest conditioM(= 81%,SD= 14%),t(94) = -4.21p < .001,d = 0.84, but
similar between the two pretest conditiot{94) = 1.70p = .092. Similar patterns were observed
for test performance on new questions, such thébqmeance was significantly lower in the
control condition i1 = 63%,SD = 22%) compared to the interpolated pretest camd{M =

73%,SD= 19%),t(92) = -2.34p = .022,d = 0.49, and the conventional pretest conditidn=(



PRETESTING AND MIND WANDERING 19

75%,SD= 18%),t(94) = -2.91p = .005,d = 0.60, but similar between the two pretest
conditionst(94) =.56,p = .577.

We also investigated any differences in final jesformance between pretested and new
guestions for each of the three conditions. Fiest performance was significantly higher on
pretested questions than on new questions in tineectional pretest conditiot(48) = 3.22p =
.002,d = 0.43, but not in the control conditia46) = 1.99p = .052, or in the interpolated
pretest conditiont(46) = 1.26p = .214. Together, these results suggest thatahefits of
pretesting for memory, at least in an online contgih minimal supervision, are not always
specific to final test questions that are identtoahose that were used during prior pretesting.

Mind wandering probes. The results from the mind wandering probes areatiegiin
Table 2. A between-subjects ANOVA on the mind waimdeprobe data from across the three
conditions yielded a significant effect of conditj&(2, 140) = 11.12p < .001,np?= .14.
Pairwise comparisons revealed that reported attemntas significantly lower in the control
condition M = 50% ,SD = 25%)), versus the interpolated pretest conditMr= 67%,SD =
21%),1(92) = -3.44p =.001,d = 0.74, and the conventional pretest conditddn=71%,SD =
21%),1(94) = -4.32p < .001,d = 0.91. These results indicate that incorporapiregests into
situations involving video lectures can increassuf®d attention. However, contrary to
expectation, reported attention did not signifibadiffer across the two pretest conditiot(94)
=.94,p = .348. Furthermore, as illustrated in Panel Aiglure 4 and similar to the results
obtained in Experiment 1, we observed a significalationship between reported attention and
test performance(= .64),t(137) = 6.09p < .001, but it did not interact with the different
conditions, as indicated by non-significant testsifiteractionsyf > .05).

Judgment of final test performance. The analysis of judgments of final test

performance (which is missing data from two papigcits owing to their not providing a
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response) revealed a significant effect of condjti{2, 138) = 21.27p < .001np? = .24.

Pairwise comparisons revealed that participanedisted test scores were significantly lower in
the control conditionN] = 40%,SD = 22%), as compared to the interpolated pretasdition

(M =59%,SD=22%),t(91) =-4.21p < .001,d = 0.86, and the conventional pretest condition
(M =68%,SD=19%),t(93) =-6.52p < .001,d = 1.36. Predicted scores, however, did not differ
across the two pretest conditiot(®2) = 1.94p = .056. Furthermore, as illustrated in Panel B of
Figure 4, a significant relationship was observetiieen predicted test performance and actual
test performances(= .68),1(135) = 5.82p < .001, but this was a general pattern that did no
interact with the different conditionp ¢ .05). Overall, these results suggest that ppaints’

ability to predict how well they would score on tireal test did not differ with respect to their
assigned condition.

Freerecall of pretest questions. Participants’ free recall of pretest questions,cluhi
occurred after the final test, was scored by trst &nd third authors by counting the number of
pretest questions that a given participant recaliekigh interrater reliability was obtained
(Cronbach’sy = .938) and all discrepancies were discussed ddickased. Participants in the
conventional pretest conditioM(= 3.71,SD = 2.59) recalled significantly more pretest
guestions compared to those in the interpolatettgireondition M = 2.28,SD= 2.13),t(94) =
2.95,p =.004,d = 0.60. This finding is intriguing because perfarme on the final test was
similar between the two pretest conditions, althoagnventional pretesting did result in
numerically higher performance than interpolatestgsting M = 81% vs. 76%). Further, better
recall of pretest questions was observed in theaaional pretest condition despite a longer
time interval from pretesting to free recall of tpgestions than in the interpolated pretest
condition. Finally, as indicated in Panel C of KFigd, a significant relationship between pretest

guestions recalled and final test performance vioagwed £ = .57),t(92) = 4.70p < .001, but
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this was a general pattern that did not interath wie different conditiong(> .05). Overall, the
pattern of results obtained suggests that recgtetest questions was equally predictive of final
test performance across both pretest conditions.
Mediation Analyses

In both experiments we observed indications ofl@imnship between pretesting,
reported attention, and final test performance.éduer, reported attention and final test
performance were positively correlated. To furtbesmine whether reported attention mediated
the link between pretesting and final test perfaroega we performed a mediation analysis for
each experiment. This analysis used the PROCES®rf@cSPSS (International Business
Machines Corp.) developed by Hayes (2015) to tasintlirect effects by calculating confidence
intervals (CI) with 5,000 bootstraps. Results fap&iments 1 and 2 are depicted in Panels A
and B of Figure 5, respectively. The mediation gsialfor Experiment 1 indicated that the total
effect of pretesting on final test performange=(.07;p = .006) was smaller upon inclusion of
the mediator (reported attention) and the direfelotfvas not significan(y = .04;p = .051),
whereas the indirect effect was significght .03; 95% CI =[.00; .06]The mediation analysis
for Experiment 2 indicated that the total effecpodtesting on final test performange=.11;p
<.001) was smaller upon inclusion of the medi@teported attention) and the direct effect was
not significant( = .02;p = .343), whereas the indirect effect was signiftcd = .09; 95% CI =
[.04; .13].Thus, both analyses suggest that reported atteménhiated the associations between
pretesting and final test performance. In otherdsppretesting improved attention, which in
turn improved learning from the video lecture.

General Discussion
In both experiments, pretesting reduced mind wangend improved learning during

video lectures as compared to the learning of featuaterial when no pretests were given. That
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pattern was evident when participants viewed theites in a controlled laboratory environment
(Experiment 1) and when they viewed the lectureginote, less-controlled environments
(Experiment 2). Exemplifying the feasibility of agrating pretesting into online learning,
participants completed each experiment entirelyiMi@rnet browsers, without the benefit of
interacting with an instructor, and without closgervision. These characteristics are common
to many forms of online education. Although repdréttention did gradually wane in both the
pretest and control conditions as the lecture msggd, which is consistent with commonly
observed patterns in some prior studies of minddedang during lectures (e.g., Bunce et al.,
2010; Thomson et al., 2014; cf. Wammes et al., 2Qd&ticipants in the pretest conditions
reported greater average levels of attention ahadsured time points (8-21% higher than the
control condition when averaged across the ergotite). That improved level of attention
translated into better final test performance: iBigdnts that had taken pretests exhibited an
average final test score improvement of 11% fotgsted questions in Experiment 1 and up to
14% for pretested and new questions in Experime@\v2rall, these results indicate that
pretesting is a viable way to help learners stay$ed on, and hence learn more from, video
lectures.
Revisiting and Expanding Upon the Benefits of Pretesting

The finding that pretesting reduces mind wandeisngpnsistent with theoretical
accounts suggesting that pretesting modifies tigaitioe processes that are engaged during
subsequent study opportunities (i.e., test-potetigearning). Increased attention to lecture
content could conceivably be facilitated by a sedoc'fill in” knowledge gaps (Carpenter &
Toftness, 2017), increases in curiosity (Gellealgt2017), improved motivation to learn
(Szpuner et al., 2013), or any combination of tHastors, although the present study was not

designed to adjudicate between those accountsaperblatedly, some researchers have
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theorized that mind wandering is less frequent wkamers are engaged in cognitively
demanding tasks that require considerable merdalrees (e.g., Smallwood, 2010; Smallwood
& Schooler, 2006; Xu & Metcalfe, 2016), and it wddeem that searching for the answers to
pretest questions in a lecture video, or simplyiqgreater attention to previously pretested
content, would be more cognitively demanding andemesource-intensive than viewing that
video without objectives in mind. Such processespatentially even more cognitively
demanding when learners do not have control ovepéte of the video (Carpenter & Toftness,
2017), as was the case in the present experiments.

The fact that both interpolated and conventiometgsting yielded similar benefits in the
present experiments suggests that the method tafgbiregy may not always be critical for
achieving beneficial outcomes. That is, havinggsetjuestions appear at multiple points during
a lecture, with each set of pretest questions inabelgt preceding the relevant portion of that
lecture, is not always required; in fact, adminisig all of the pretest questions prior to the
lecture was, in numerical terms, slightly more effifee at reducing mind wandering and
enhancing learning (although it remains to be deitezd if the same results would hold for
longer lectures, when the order of pretest questibifiers from the order of lecture content, and
for different levels of pretest performance). Olleraappears that the critical factor for the mhin
wandering benefits of pretesting is simply the thett all pretest questions, regardless of their
placement relative to a lecture, target informatiwat learners have yet to encounter (nor do
learners typically know exactly where in the leettinat information will be presented), and as
such may spur a search for the correct answerp€@tar & Toftness, 2017; St. Hilaire &
Carpenter, 2020) or simply increase attention levent lecture content.

Self-reported rates of mind wandering were prédeadf final test performance in both

experiments, but that relationship did not differass the pretest and control conditions (for
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similar findings, see Szpunar, Khan, et al., 2@&f3Jing et al., 2016, Experiment 1). Pretesting
also did not decelerate the occurrence of mind wangd across the lecture relative to the control
condition, with similar and gradual increases obalele in all conditions. Thus, although
pretesting did not influence the degree to whichdmwandering affects learning, nor reduce its
upward trend over time, it did reduce the overatié rof mind wandering and consequently
enhance learning. That conclusion is strengthegdtdresults of mediation analyses, which
provide evidence for pretesting having an indieftect—that is, mediated by reported
attention—on learning in both experiments. Simylajildgments of final test performance were
predictive of the final test results in all condits, but those judgments were not more accurate
following pretesting. Thus, unlike interpolatedtieg (Szpunar et al., 2014), pretesting did not
enhance metacognitive calibration, and possiblyabgse pretests do not provide as much
diagnostic information for the learning that iSetlow. Additionally, free recall of pretest
guestions in the interpolated and conventional itamd was equally predictive of final test
performance in Experiment 2 despite greater levktecall in the latter (although the rate of
successful recall in both conditions was relatively, at less than 25%). That result is broadly
consistent with the finding that memory for pretgséstions is predictive of the pretesting effect
(St. Hilaire & Carpenter, 2020).

Finally, in both experiments we observed a traddi pretesting effect for memory of
lecture content, but it manifested differently asr@xperiments. In Experiment 1, the pretesting
effect was specific to pretested questions thaewdantical to those used earlier in the
experiment. That finding is consistent with theergcpretesting literature, in which the
pretesting effect has repeatedly been shown td#xdpecificity of learning (e.g., Carpenter et
al., 2018; Hausman & Rhodes, 2018; James & Stodi9;2Richland et al., 2009; Toftness et al.,

2018). In contrast, we observed positive transfdexperiment 2, with pretesting improving
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performance for both pretested and new questiohglws a relative rarity in the pretesting
literature; e.g., Carpenter & Toftness, 2017; Raal.2019; St. Hilaire et al., 2019). Given that
the same materials and similar training paradigrasevemployed in both experiments, the
source of the positive transfer in Experiment 2asrs to be determined and could be explored
in future research (along with other types of tfansuch as to conceptual and higher-order
guestions). Overall, the present results affirnt tha most reliable benefit of pretesting is
improved memory for, and likely better attentionpoetested information.
Future Directions

Follow-up investigations could further explore tdent to which pretesting reduces
mind wandering and enhances learning from videordisd, live, and other types of lectures
(e.g., lectures with on-screen narrators, whichl®mmore engaging; Guo et al., 2014).
Following Jing et al. (2016) and Toftness et ab1@), it will be important to determine whether
the benefits observed in the present experimemisrgkze to longer lecture videos, to different
content domains, and to wholly online courses wiheseidents are accustomed to web-based
lectures and testing activities. Other measuresinfl wandering, such as randomly-inserted
probes that ask participants to categorize thegtmm of task-related and task-unrelated
thoughts (e.g., Jing et al., 2016), may also p@¥idther insights into how pretesting influences
attention during lectures and allow testing of higpothesis that attention is greatest for
previously pretested content. Further, such prabed avoid potential limitations of the global
mind wandering probes used in the present expets{ea., across entire lecture parts), which
include reliance on participants’ memories oveerged periods of time, the inability to
measure attention at smaller timescales, and pak&nsing effects of experimental
manipulations on the accuracy of such probes.

From the perspective of the pretesting literatdiéerent implementations of pretesting
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(such as multiple-choice pretests with competieimewer alternatives that trigger productive
learning processes; e.g., Little & Bjork, 2016) icbioe used to explore the specificity or
generalizability of the pretesting effect for leagtwideos. The role of pretest performance, which
has been addressed inconsistently in the literdéuge, analyses of correctly versus incorrectly
answered pretested items), could be investigatedeiuand potentially with respect to
interpolated versus conventional pretesting. Fyndlle relative efficacy of pretesting versus
other reference conditions (i.e., a control conditihat is more competitive with pretesting, such
as studying) and other testing techniques (e.gieval practice) could be informative directions
for future research (Pan & Sana, 2020).
Practical Implications

The present research provides compelling evidératepretesting can be an effective
technique to ameliorate the negative effects ofdmwandering on learning during video-
recorded online lectures. Accordingly, instructansl educators seeking to improve students’
attention to lecture content should consider imgetimg pretest questions either before or
during lectures. Such pretesting should be faiayyeto administer—simply add practice
guestions before showing all or part of the lectliteat pretesting is likely to have dual benefits:
Students will pay greater attention to the lectaned learn more from them. Overall, these
results reinforce the status of pretesting as agrgimg “desirable difficulty” (Bjork, 1994; Pan
& Bjork, in press)—that is, a technique that comigonakes learning more challenging, at least
initially, but improves it over the long term. Ihnet case of pretesting during lectures, the extra
effort that is needed to answer pretest questitimsately yields more focused attention and

enhances learning of lecture content.
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Tablel

Final Test Mean Percent Correct (SD)

Segment
Condition Test Questions Overall 1 2 3 4
Experimenil
Pretest Pretested 83 (13) 97 (08) 91 (15) 71 (283 (27)
New 75 (17) 76 (23) 83(21) 67(27) 72(24)
Control Pretested 72 (14) 93 (12) 74 (20) 64 (2665 (27)
New 72 (16) 73(24) 87(21) 57(23) 71(26)
Experimeni2
Interpolated Pretest Pretested 76 (19) 91 (18) 80 (22) 71(31) 61(30)
New 73 (19) 71(24) 80(25) 72(27) 68(28)
Conventional Pretest Pretested 81 (14) 92 (16) (18y 70(24) 77 (24)
New 75 (18) 72 (24) 87(23) 71(29) 69 (26)
Control Pretested 67 (19) 85(23) 64(29) 59(28) 60(25)

New 61 (23) 60(32) 73(28) 56(27) 62 (30)
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Table?2
Mean Reported Percent Attention (SD) During theif@nVideo Lecture

37

Segment
Conditior Overall 1 2 3 4
Experiment
Pretest 67 (18) 73 (22) 73 (22) 63 (24) 59 (25)
Control 59 (23) 67 (21) 64 (22) 54 (24) 52 (25)
Experiment
Interpolated Pretest 67 (21) 75 (18) 72 (22) 61 (27) 59 (29)
Conventional Pretest 71 (21) 80 (15) 77 (21) 6 (2 60 (30)
Control 50 (25) 59 (26) 59 (27) 45 (28) 42 (27)
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Segment 1 Segment 2 Segment 3 Segment 4
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Figurel

Design and Procedure of Experiment 1. All partinigavatched a 26-minute video-recorded online
lecture that was divided into four approximatelyaigparts, during which they (a) spent 4 minutes
answering pretest or algebra problems prior to @achand (b) responded to an attention probe after
each part. The attention probe prompted particgpmindicate how focused they were during the
video presentation. After the fourth segment, pgordéints provided a judgment of test performance,
completed a 5-minute distractor task, and then tbeKinal test.
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Figure2
Relationship of final test performance with mindnaaring (Panel A) and the judgment of final test
performance (Panel B) in Experiment 1.
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Design and Procedure of Experiment 2. The contrdliaterpolated pretest conditions were identical
to those of Experiment 1. The conventional pretestition differed from the interpolated pretest
condition in one design aspect: All four pretestsevpresented at the very beginning instead of
being interpolated throughout the lecture. Addisilhyy at the end of Experiment 2, participants in
either of the two types of pretest conditions wasked to recall as many of the pretest questions as
they could. All other aspects of Experiment 2 widsmntical to those of Experiment 1.
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Relationship of final test performance with mindngaring (Panel A), the judgment of final test
performance (Panel B), and free recall of pretasstions (Panel C) in Experiment 2.
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A Reported
Attention
a=28.109*
_ ¢’ =.043 (c = .072%) | Final Test
Pretesting | Performance
B Reported
Attention
a=18.429*
_ ¢ =.024 (c=.112%) .| Final Test
Pretesting "| Performance

Figure5
Relationships between pretesting, reported attersnal final test performance as indicated by

mediation analyses of Experiment 1 (Panel A) angelEment 2 (Panel B). The paths with a’s and
b’s are direct, c is the total effect from pretegtio final test performance, and c' is the dipath
from pretesting to final test performance, coningilfor reported attention p*< .05.



