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Abstract
The present study investigated what impact the presentation style of a classroom lecture

has on memory, mind wandering, and the subjective factors of interest and motivation. We

examined if having a professor lecturing live versus on video alters the learning experience

of the students in the classroom. During the lectures, students were asked to report mind

wandering and later complete a memory test. The lecture format was manipulated such that

all the students received two lectures, one live and one a pre-recorded video. Results indi-

cate that lecture format affected memory performance but not mind wandering, with

enhanced memory in the live lectures. Additionally, students reported greater interest and

motivation in the live lectures. Given that a single change to the classroom environment,

professor presence, impacted memory performance, as well as motivation and interest, the

present results have several key implications for technology-based integrations into higher

education classrooms.

Introduction
The way that educational information is conveyed has changed greatly in recent decades. One
major change has been in the increase in courses offered online or through distance education.
For example, Allen and Seaman [1] report that in the United States over a quarter of college
students take one or more online courses. Investigations of how different educational settings
may impact cognitive factors, such as memory, often involves comparing groups who are
offered the material in various ways, for example live versus online “podcast” versions [2–5].
Unfortunately, comparing a live classroom to a podcast version of the same lecture involves a
manipulation of not just material modality and presentation but also the physical setting, social
environment, control of material (e.g., the ability to replay the lecture), and so on. Without
controlling or equating these other factors the reason for a change in performance, or lack-
there-of, cannot be isolated. This lack of thorough investigation is noteworthy given that, in
lieu of traditional classrooms, many universities offer online courses, blended-learning, or syn-
chronous learning environments (where students watch a live video stream of the lecture while
at a remote-location), with the intention that these changes are providing a beneficial change
to the educational experience.

The present study investigated whether memory and mind wandering differ between a tra-
ditional classroom and a classroom where the lecture is presented via pre-recorded video. By
manipulating only the "live" quality of the professor and maintaining all other aspects of the
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classroom setting (e.g., scheduled time and location, presence of peers, etc.) we can begin to iso-
late what aspects of the lecture, live versus video format, impact the learning experience. In the
following pages we highlight the technological shifts in educational settings that have recently
taken place, and review how these relate to past investigations of memory and mind wandering
(as a measure of inattention) in classroom settings.

The shift to technology-based learning
Advances in technology have allowed for learning in various locations and modalities (e.g.,
watching a video-recording of a lecture on a bus, or participating in an online course taught on
the other side of the world). The growth of non-traditional classroom-based learning is demon-
strated by the breadth of the courses and programs offered online. At Canadian universities up
to 20% of all students enroll in online courses [6]. And presently, many universities have imple-
mented an approach of blended-learning, which combines traditional classroom teaching with
indirect teaching (e.g., teleconferencing and requiring personal research outside of class time to
better facilitate in-class discussion, etc.). Indeed, given the ease that one can enroll in courses
outside of one’s current city, or even country, many choose to take part in online learning for
reasons of accessibility and time flexibility (e.g., [7] for review). The newest educational trend,
Massive Open Online Courses (MOOCs), has exemplified the desire for continued education.

As hundreds of thousands of students from around the world sign up for online courses
there has arisen the opportunity for large quantities of data to be collected—these data have
focused on lecture length, drop-out rates, accessibility, participation, overall sense of satisfac-
tion and interest [8–10]. But as of yet there has been no systematic investigation of the real-
time cognitive experience and learning impact of video versus live lecture environments. While
the opportunity for accessible and continuous learning is unquestionably important, key ques-
tions have been raised: how do different learning environments impact the learning experi-
ence? Specifically, are there cognitive costs or benefits to changing the live lecture experience?
And what is the subjective student experience of different learning environments? Answering
these questions requires a detailed investigation of what happens when the classroom changes.

Do changes to the classroom impact cognitive factors?
To gain an understanding of how different learning environments impact the learning experi-
ence, and whether there are cognitive costs or benefits when the classroom setting is changed,
we must first consider which cognitive factors are likely to be impacted. To date, researchers
have focused largely on memory performance when comparing classroom environments.
However, studies have yielded mixed outcomes ranging from: equivalent performance in tech-
nology-based learning and live classrooms [2–4], to benefits for e-learning [11], to benefits for
classroom learning [12,13]. As we note in the next section, methodological and/or situational
differences within and between studies has varied dramatically, making it unclear what, if, and
how specific factors are responsible for the different memory effects. In contrast, our study
strives to hold all variables constant, save one—the nature of the instructor's presence.

Another factor that may be impacted by changes to the classroom environment is attention,
a cognitive process that is often measured with regard to mind wandering reports. Indeed, a
daily diary study found educational settings to be the most common location for mind wander-
ing to occur [14], which is convergent with reports that mind wandering in classrooms occurs
30–40% of the time [15–17]. While these studies provide information on how attention may
lapse during a live lecture setting, no studies to date have investigated whether the amount of
mind wandering changes as a function of classroom setting. What limited research has been
conducted in classroom styled environments suggests there is a negative correlation between
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mind wandering reports and memory performance [16,18–20]. Given that mind wandering
can negatively impact memory performance we reasoned that both factors should be investi-
gated when considering a change in an alternative learning environment.

The present study
To date, fundamental methodological differences between learning environments prevent a
straightforward comparison between the performance effects of live and online situations. For
instance, students in e-lecture environments can re-watch material and are often encouraged
to do so [3,11]. Additionally, the environment where learning takes place is often vastly differ-
ent (e.g., professor presence, material modality, social setting, location of viewing, etc.) making
it difficult to pinpoint what factor, or combination of factors, translates into differences in per-
formance. By systematically manipulating individual factors of the learning environment one
can begin to isolate what cognitive changes, if any, emerge in different settings. The present
investigation manipulated only one factor, physical professor presence, while holding all else
constant, allowing for a direct comparison between learning environments.

We believe that investigating the cognitive impact of live professor presence is a unique and
critical first manipulation to the classroom setting. Studies on the impact of social presence
have indicated a cognitive and behavioural impact of feeling as though one is being watched
[21–23] and that the possibility for social interaction impacts behaviour [24–26]. A live class-
room setting employs both these social presence factors: the professor being physically present
might impact behaviour (e.g., whether a text message is sent, how focus of attention is main-
tained) and there is also the potential for interaction (e.g., being asked to answer a question).
Furthermore, we believe that the instructor presence is perhaps the most critical change
between live and online settings. Beyond implications of the effects on human behaviour listed
above, the role of professors as instructors is a crucial part of the university objective. Institu-
tions are ranked for their teaching capabilities and many instructors must carefully balance
their time between teaching, research and service. Determining whether professor presence
impacts the learning experience is an important question for university initiatives. On the one
hand, professors are typically required to perform teaching duties, and must consider the value
they impart on the teaching experience by being physically present. On the other hand, pre-
recording lectures could free up professor resources allowing for more one-on-one time with
students.

By manipulating only live professor presence we maintain all other factors that might vary
between a live and online setting: the social presence of peers, consistent pacing (e.g., not stop-
ping the task and re-starting at a later time), physical environment (e.g., lecture hall) and any
other factors that might differ between settings. This means that any effects found can be
attributed to the single manipulation: live professor presence. One additional benefit of the
present study’s design is that it is more ecologically valid than traditional lab-based studies
[27]. That is, the participants are students enrolled in the Introductory Psychology class where
the study takes place and the materials being presented are lectures in the course that deliver
information relevant to the students successfully passing the course. This stands in sharp con-
trast to testing students individually in a laboratory on information that has little if anything
specific to do with any course they are taking, and where motivation for taking part may be
supplemental participation credit or some nominal form of remuneration.

Method
Ethics approval for this study was obtained from the University of British Columbia Beha-
vioural Research Ethics Board. Written, informed consent was obtained from participants.
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Participants
An invitation to participate in the study was extended to students registered in two sections of
Psychology 102: Introduction to Developmental, Social, Personality, and Clinical Psychology
at the University of British Columbia. A total of 276 students (180 female;Mage = 19.84 years,
SD = 3.41) participated in both sessions of the study in return for course credit. An additional
82 participants (Live only = 37; Video only = 45) did not complete both sessions of the experi-
ment and so were excluded from analyses (with one notable exception which we flag for atten-
tion in the Results section).

Materials and Measures
The key areas of interest in the present study were memory and mind wandering reports. Addi-
tionally, we measured interest and motivation to investigate whether these ratings differed
based on the learning environment, and whether these factors correlated with memory or
mind wandering in classroom settings. At the beginning of each session students who wished
to participate in the study were provided a response sheet, this sheet was used to record all par-
ticipant information and dependent variable responses.

Lecture Materials. Content was pre-determined by the professor. Two lectures were pre-
sented that encompassed the theme of Treatments of Clinical Disorders, but differed in topic:
Psychotherapy and Drug Treatment. Session 1 (Live) differed for each class section, such that
one class was presented material on Psychotherapy and another received material on Drug
Treatment. These lectures were video-recorded by a researcher and then presented for the sec-
ond session of the experiment (Video version). This allowed us to change the topic for Session
2 (Video) so that students did not see a repeat of the same topic. Each lecture was approxi-
mately 60 minutes in length. Lecture material was supplemented with PowerPoint slides.

The order of conditions led to an unbalanced design however there are practical, conceptual,
and statistical reasons for. First, a practical consideration: the professor needed to present the
material so that we could record it and we did not want to tamper with her presentation style
in any way that could negatively impact the ecological validity of the study or quality of the
Live versus Video comparison (e.g., have her pre-record the lectures in her office or in front of
an empty classroom). Therefore, we recorded the Live lectures that came immediately before
the Video lecture presentations, thereby minimizing any other differences between conditions,
while counterbalancing the lecture topic. A conceptual consideration is that, in actuality, the
live lecture condition is just one of many live lecture experiences that the students have had,
and will continue to receive, in their educational experiences, and thus its occurrence is not
uniquely defined with regard to the Video condition, i.e., as coming before or after the video
condition. Finally, we reasoned that if there was any effect of order, placing the Video lecture
second would, if anything, operate against our finding an advantage for the Live lecture relative
to the Video lecture, i.e., it represented a conservative test of the working hypothesis that Live
lectures enhance student performance. In other words, student performance in the Live lecture
would suffer any cost of being first, and the Video lecture any benefit of being second (e.g., the
students in the Video condition could expect to be tested on the material that occurred at the
time that they were probed for mind wandering). As we report in the results, our intuitions
were validated and our discovery of a Live lecture advantage may be a conservative estimate of
the actual difference between Live and Video lectures.

MindWandering Probes. Over the course of each lecture 6 mind wandering probes were
displayed on lecture slides. The timing of these slides was predetermined, such that probes
occurred just after the presentation of lecture material that would later be part of the memory
test. The slide presented the question “In the moment prior to this slide, were you mind
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wandering?” (based on [16], p. 161) and students were asked to circle “Yes” or “No” on the
response sheet provided. Participants were given an average of 24 seconds to record their
responses.

Memory Test. To identify differences in retention between Live and Video lecture settings
a 6 item True-False memory test was given at the end of each lecture (see S1 Appendix for
questions). Memory test questions were presented on a PowerPoint slide at the end of the lec-
ture and responses were recorded on the participant response sheet. Students were asked to
work independently and not use their notes as aid to answer the questions.

Interest Rating. To investigate whether ratings of interest differed between the two learn-
ing environments, participants were asked to rate their interest in the lecture topic on a 5 point
scale at the end of each session (where 1 = very little interest and 5 = high interest).

Motivation Ratings. To investigate whether motivation to remain attentive differed
between the two lecture settings a 5 point scale was created and included on the participant
response sheet (where 1 = very unmotivated and 5 = very motivated). To further compare
motivation across the lectures, at the second session (Video lecture) students were also asked to
rate which version they were most motivated to attend to: Live, Video or Equally Motivated.

Procedure
Participants completed the experiment during their regularly scheduled class, across two class
sessions. Prior to the study date a researcher attended the class and explained the broad nature
of the study to the students and, critically, that they were under no obligation to participate in
the study, nor would the decision to not participate have any impact on their course grade. The
day of each lecture, students were provided separate informed consent and response sheets and
given instructions for the experiment by the researcher. The instructor did not provide any
information about the experiment to the students. Students were asked to provide basic demo-
graphic information on the participant response sheet. Students were provided a definition of
mind wandering: “Any thoughts that are experienced that are not related to the material being
presented” and examples were provided (e.g., thoughts about lunch; thoughts about past week-
end events; concerns about coursework, etc.). There were no differences in instruction pro-
vided to the two sessions. Upon completion of the class participants turned in the consent
form and response sheet to the researcher.

Results
We counterbalanced across lecture topic as it was not a variable of interest in our study. Never-
theless, we conducted a mixed effect model analysis with topic as a factor to examine if it might
have a differential impact on our data. This analysis revealed that topic was a significant factor
for mind wandering reports, but not for any other variable. There were no meaningful interac-
tions in the data. This analysis allowed us to be confident that collapsing across the two coun-
terbalanced lecture topics to increase our statistical power would not compromise the results
and interpretations of the data.

Memory test performance, Mind wandering reports, Interest and Motivation Ratings were
all assessed using paired samples tests, with Lecture Style as the Independent variable. We used
an alpha level of .05 for all statistical tests. Table 1 displays a summary of all descriptive statis-
tics. Visual representations of these data are presented as violin plots in S1 Fig.

Memory Test
The average Memory accuracy from the Live lecture was 74% (SD = 20%) and 70% (SD = 21%)
during the Video lecture. A paired-samples t-test indicated that participants performed
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significantly better on the Live lecture memory test compared to the Video lecture memory
test, t(275) = 2.83, p = .005, Cohen's d = .17.

Note that in the Methods section it was proposed that our unbalanced design, with Live pre-
ceding Video sessions, may actually yield a conservative estimate of the actual difference
between Live and Video memory performance. This is because participants in the Video ses-
sion could use their previous experience in the Live session to correctly anticipate that they
would be tested on lecture material that co-occurred with the mind wandering probes. To test
this we compared Memory accuracy for the participants who only completed the Video session
(n = 45, and as such received the Video session “first”) against a randomly selected subset of
Video condition participants (n = 45) who attended both the Live and Video sessions (and
therefore, received the Video condition second). This analysis revealed that those who received
the Video condition second performed significantly better (M = .71) on the memory test com-
pared to those who received the Video condition “first” (M = .61), t(88) = 2.2, p = .03, 95% CI
[.02, .18]. This confirmed our hypothesis, that the enhanced memory performance of those in
the Live condition, who received the test material first, relative to the memory performance of
those participants who received the Video condition second, is a conservative estimate of the
benefit of receiving a Live lecture.

Mind wandering Reports
Average Mind wandering reports was 48% (SD = 23%) during the Live lectures and 49%
(SD = 27%) during the Video lectures. A paired-samples t-test revealed no significant effect of
Lecture Style, t(275) = -.81, p = .42.

Interest Rating
Twenty-one students did not complete this section of the response sheet for one or both of the
sessions, meaning that their data could not be included for this analysis (N = 255). Average Inter-
est rating was 3.08 (SD = .82) for the Live lecture and 2.84 (SD = .87) for the Video lecture. As
Interest rating was reported using an ordinal scale, a non-parametric, Wilcoxon Signed Rank test
was completed. This test revealed that Interest Ratings were significantly higher (indicating
greater interest) in the Live lecture compared to the Video lecture, Z = -4.26, p< .001.

Motivation Ratings
Twenty-one students did not complete this section of the response sheet for one or both of the
sessions, meaning that their data could not be included for this analysis (N = 255). As per Inter-
est ratings, an ordinal scale was used to measure Motivation rating and so a Wilcoxon signed
rank tests was completed. This test revealed that Motivation Ratings were significantly higher
(indicating greater motivation) in the Live lecture (M = 3.63, SD = 1.01) compared to the
Video lecture (M = 3.20, SD = 1.16), Z = -5.05, p< .001.

Table 1. Summary table of taskmeans as a function of Lecture Style, with standard deviation in
parentheses.

Measure Live Video

Memory (%) 74 (20) 70 (21)

Mind wandering (%) 48 (23) 49 (27)

Interest Rating 3.08 (.82) 2.84 (.87)

Motivation Rating 3.63 (1.01) 3.20 (1.16)

doi:10.1371/journal.pone.0141587.t001
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The response sheet for the second session (Live condition) included a second motivation
question: participants were asked to reflect on both sessions and select which lecture they had
been most motivated to attend to. Of the participants who completed this section of the
response sheet (N = 265), 61% of individuals reported being more motivated to attend the Live
lecture, 28% reported equal motivation and only 11% reported they were more motivated to
attend to the Video lecture, a chi-squared one-variable test indicated that the ratings were sig-
nificantly different, X2 (2, N = 265) = 101.65, p< .001. These results are consistent with the
Motivation Rating reports made at the end of each session which revealed greater motivation
to attend to the Live lecture over the Video lecture.

Correlational Analyses
Prior work has investigated the impact that interest and motivation have on cognitive factors
such as memory, and mind wandering [4,16,28–30]. Unfortunately, most of these studies did
not take place in classroom settings (see [4,16] for exceptions). As such, we investigated which,
if any, of these correlations extend to an actual classroom setting. Correlations were assessed
using a Spearman's rho calculation. Correlation coefficients and respective confidence intervals
are displayed in Table 2. Correlation plots for these data are illustrated in S2 Fig.

The correlation between mind wandering and memory was found to be non-significant for
the Live lecture, however was significant for the Video lecture, indicating that increased mind
wandering reports were related to decreased memory test performance, r = -.16, p = .01, 95%
CI [-.27, -.04]. Previous research suggests that Interest and Motivation Ratings correlate posi-
tively with memory performance, such that greater motivation or interest ratings are related to
higher memory performance. All correlations were in this predicted direction, with significant
correlations for all but memory and motivation in the Live condition, ps< .05. As per Lind-
quist and McLean (2011), we predicted a negative relationship between mind wandering and
interest, where greater Interest ratings would be related to fewer mind wandering reports.
Indeed, correlations were significant for both Live and Video sessions: r = -.27, p< .001, 95%
CI [-.38, -.16] and r = -.32, p< .001, 95% CI [-.42, -.20], respectively. Finally, and as per
research in non-classroom domains, there was a negative relationship between mind wander-
ing and motivation. This result suggests that lower motivation ratings are associated with a
higher number of mind wandering reports, for both Live and Video sessions: r = -.24, p< .001,
95% CI [-.35, -.12] and r = -.34, p< .001, 95% CI [-.44, -.23], respectively.

General Discussion
The current study investigated how different learning environments (live in-class versus pre-
recorded video) impact two aspects of the learning experience: memory performance and

Table 2. Spearman's rho correlations for factors of interest (N = 265).

MW—Live Interest Rating—Live Motivation
Rating—Live

MW—Video Interest Rating—Video Motivation Rating—Video

Memory—Live -.071 0.15* .10

MW—Live -0.27* -0.24*

Memory—Video -0.16* 0.15* 0.17*

MW—Video -0.32* -0.34*

Note. MW = mind wandering.

* indicates a correlation within the 95% confidence interval.

doi:10.1371/journal.pone.0141587.t002
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mind wandering. We also examined how subjective experiences, specifically interest and moti-
vation, differ between these environments and what impact, if any, they have on memory and
mind wandering.

Our finding that memory performance was significantly higher in the Live session com-
pared to the Video session suggests that the acquisition and retention of the lecture informa-
tion benefitted from having the lecture delivered by a professor who was physically present in
the classroom. Moreover, as noted previously, the design of the present study was such that
this significant difference is, if anything, an underestimation of the actual magnitude of the
Video lecture disadvantage. Perhaps the most obvious and important implication of this find-
ing is that in real world settings, where lecture material is delivered in an online format over
video (e.g., MOOCs), students taking such courses may retain much less lecture information
than those who receive the material in a classroom with a professor.

Interestingly, the difference in memory performance between Live and Video instruction
cannot be attributed to differences in attention vis-à-vis mind wandering as our results indicate
that mind wandering was unaffected by the lecture format. That said, the impact of mind wan-
dering in the Live versus Video conditions does not appear to be equivalent. The correlation
data reveal a negative relationship between mind wandering and memory in the Video condi-
tion, such that memory declined as mind wandering increased, but a similar relationship was
not observed in the Live condition (see Table 2). This suggests that memory for online material
is more sensitive to shifts in attention when the material is delivered online. As discussed in
detail below, this may arise because the material is found to be less interesting, and the students
are less motivated, when watching a Video lecture than when they receive it Live.

Subjective ratings revealed that students found the material less interesting and were less
motivated when the lecture was on video. The change in interest for the material is most criti-
cal, as the correlation data indicate that for both Live and Video lectures memory performance
changes with a shift in interest, i.e., memory performance declines when interest declines. It is
our position that this present effect is a conservative estimate of the real world impact of deliv-
ering course material online to students. The reason for this being that a number of factors
were present in this design that would not be in a pure online setting, for example: (i) it was a
novel experience, (ii) the students received the video information in their usual classroom and
normal lecture time, and (iii) students were surrounded by their peers, which offers a well-
established social benefit [31–33]. Thus our study suggests that not only may students' reten-
tion of course material suffer relative to their in-class cohorts who receive live lectures, but
with the decline in interest and motivation, students may well struggle to keep up with a course;
a possibility that converges with the high attrition rates for MOOCs: 15–40% of the students
enrolling in MOOCs fail to complete them [34–36].

Interestingly, several prestigious institutions such as Stanford University, Harvard Univer-
sity and the University of British Columbia have bridged the gap between a completely tradi-
tional class setting and online learning, via blended-learning designs. These settings employ
course-credit classroom sessions where part of the learning takes place in a traditional class-
room however much (up to at least half) of the learning takes place online, requiring students
to watch lectures on their own time and participate in online tasks. This setting combines the
"perks" of online learning (e.g., self-pacing, freedom of location) with the traditional learning
environment. In light of the present study, one obvious next step would be to monitor students’
access of the online material and measure performance (e.g., memory) and subjective experi-
ence for both environments. As the critical benefit of the present study was that it took place in
a natural environment, a future more longitudinal investigation where lectures are systemati-
cally alternated between live and video presentation, as in blended-learning, would provide the
opportunity to extend the present results and further determine the cumulative effects of
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professor presence (real versus video) on student learning. Similarly, how these effects vary as a
function of individual differences in aptitude and learning motivation styles, is also very much
an open and interesting question ripe for future investigation.

The present study spearheads a much needed initiative for careful examination of differ-
ences in cognitive impact and subjective experience between traditional classroom learning
and online learning environments. We recognize that there may be benefits to online learning
(e.g., material can be re-watched, students can watch at a more convenient time, etc.) or at least
different ways that students can interact with materials compared to with a live lecture
[3,10,11]. Whether these benefits outweigh the costs we have reported here is an important
issue for future investigation. With growing demand for flexible and convenient online learn-
ing settings, the costs of moving forward too quickly and without making amends for cognitive
impacts could mean compromising a tried-and-true learning experience. The present study
illustrates that students' memory performances differ between live and video versions of a lec-
ture, and that they are more motivated and interested when attending a session with a live pro-
fessor present. These results indicate that natural settings can be used to investigate the
differences in learning behaviours and experiences, and that comparisons need not be limited
to laboratory environments.

Supporting Information
S1 Appendix. Memory test Questions.
(DOCX)

S1 Fig. Violin plots for each of the dependent variables. Violin plots indicate the density dis-
tribution each dependent variable. Light coloured plots represent performance in the Live con-
dition and Dark coloured plots represent performance in the Video condition. The white dot
represents the median and the black bar represents the interquartile range. (A) Memory perfor-
mance percentage. (B) Percentage of mind wandering reports. (C) Interest Ratings, where 5
indicated high interest and 1 indicates low interest. (D) Motivation Ratings, where 5 indicated
high motivation to attend and 1 indicates low motivation to attend.
(PDF)

S2 Fig. Jittered correlational plots for all dependent variables. Jittering was used to distinctly
display data points that would otherwise overlap (due to scales not being continuous) and pro-
vide a clear visualization of the data. (A) Displays correlations between the variables for the
Live condition. (B) Displays correlations between the variables for the Video condition.
(PDF)
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