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courses.

rather than exposing students to long didactic lectures.

Background Instructional videos have been increasingly critical to afford effective learning experiences in online
courses, but most videos follow a lecturing monolog delivery format. This format tends to lead students to observe
the videos passively. Previous laboratory studies have indicated that observing dialog videos of an instructor tutor-
ing a tutee enhances student learning more than watching monolog videos of the same instructor lecturing. This
paper describes two empirical studies that replicated the laboratory findings in large-scale college-level online STEM

Results The results show that observing dialog videos of tutoring led to superior learning outcomes compared
to monolog videos of lecturing, regardless of whether students observe the videos individually or collaboratively,
as long as they engaged generatively with the materials. This finding was confirmed across two tested STEM domains.

Conclusions The findings of these classroom studies suggest that observing dialog tutoring videos is a novel
and robust online instructional format that can be generalized across STEM domains. The benefit of overhearing tuto-
rial dialogs requires students to engage in Constructive and Interactive behaviors, as defined by the ICAP framework,

Keywords Instructional video, ICAP framework, Tutoring dialog, STEM education, Online

Introduction

Online courses have become a cost-effective, flexible
alternative delivery format for college-level courses, espe-
cially during the outbreak of the COVID-19 pandemic.
The National Center for Education Statistics (2022)
reported that, in the post-pandemic era, there was a con-
tinuous increase in college students’ online course enroll-
ment worldwide. In the United States, over 9.4 million
college students, around 61% of undergraduate student
populations, had taken an online course by fall 2021, 28%
of whom took courses solely online. Therefore, allowing
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college students to maintain an effective learning experi-
ence in online courses has become critical.

For a majority of online courses, content delivery
mainly relies on videos that students can view, pause, and
replay to learn and reflect upon (Auerbach & Andrews,
2018; Barlow & Brown, 2020; Weinberg et al., 2022).
Despite flexible options for students to navigate the
content, videos are predominantly delivered through a
monolog format in online courses. Monolog videos refer
to a lecture format videos in which instructors teach-
by-telling (Hew & Cheung, 2014; Roscoe & Chi, 2007).
This didactic format of videos can provide students with
course content knowledge, but its one-way informa-
tion delivery actually leads to minimal student learning,
as predicted by the ICAP framework (Chi, 2009; Chi &
Wylie, 2014).

The ICAP theory explicitly operationalizes and differ-
entiates students’ engagement activities into a framework
of four modes with operational definitions—Passive,
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Active, Constructive, and Interactive—based on the overt
behavioral activities that students can undertake with
the learning materials and the content of the outputs
they produce. As defined in Chi and Wylie (2014), the
ICAP framework considers Passive as the lowest mode
of engagement in which students do paying attention to
the instructional materials, but they do not undertake
any other physical interactions with the instructional
materials. That is, students produce no outputs in the
Passive mode. In contrast, the Active mode is when stu-
dents undertake activities that merely manipulate the
information in the instructional materials without add-
ing new information, such as underlining text sentences.
The Constructive mode describes students generating
new knowledge by inferring beyond what was presented
in the instructional materials through activities such
as drawing diagrams, explaining, asking questions and
deriving solutions. The last Interactive mode denotes
when two or more peers are co-generating knowledge
collaboratively while dialoguing, such as asking and
answering each other’s questions or elaborating upon
each other’s comments. The ICAP framework hypoth-
esizes that the collaborative (Interactive) mode has the
potential to achieves the highest level of learning (if col-
laboration is carried out co-generatively), followed next
by the generative (Constructive) mode, then the manip-
ulative (Active) mode, and finally the attentive (Passive)
mode. The predicted decreasing levels of learning (I > C
> A > P) are supported by hundreds of published stud-
ies in the literature (Chi, 2009; Chi & Wylie, 2014; Chi
et al,, 2008). Thus, to achieve a higher level of learning in
online courses, it is desirable to elicit more Constructive,
or Interactive student engagement, but how?

In a one-to-one context (either online or in-person con-
text), one-to-one tutoring has been viewed as one of the
most effective formats of instruction (Merrill et al., 1995;
VanLehn, 2011). However, the high cost of affording one-
to-one tutoring sessions makes it unlikely for deployment
in large-scale STEM courses. Chi et al. (2008) designed
a new paradigm and showed that students who collabo-
ratively observed tutorial dialog videos between a tutor
(analogous to an instructor) and a tutee (analogous to a
student) can learn just as well as the tutee in the video
who was being tutored one-to-one. Moreover, observ-
ing tutorial dialogs collaboratively was more effective
for learning than a number of control conditions, such
as students observing tutorial dialog videos individually
(Chi et al., 2008; Muldner et al., 2011; Muller et al., 2008),
and beneficial for STEM content domains, such as phys-
ics (Chi et al., 2008), mathematics (Lobato et al., 2023),
and biology (Muldner et al., 2014). Thus, adopting tutorial
dialog videos as a source of instructional videos seems to
be a promising new paradigm for online courses.
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However, it is important to test those laboratory find-
ings in an “authentic” online learning environments
rather than “in-vivo” classroom studies to see if they
remain valid. By “authentic” we mean that the instruc-
tional materials (including the pretests and post-tests)
are created and delivered by the actual instructors, as
opposed to “in-vivo” studies, in which the materials and
implementation are carefully crafted by the experiment-
ers. Authentic learning environments typically also have
many factors that vary from laboratory studies. For exam-
ple, students in the Chi et al. (2008) laboratory studies
watched videos in an in-person setting where their learn-
ing processes were observed and videotaped. In addition,
the videos were supplemental learning materials (e.g.,
as an intervention lasting for 7-13 min focused on one
topic), whereas in online authentic courses, they could
serve as the primary delivery format of the entire course
content. Thus, due to the various differences between a
laboratory setting and an authentic classroom, it is often
the case that robust laboratory findings only replicates
in in-vivo studies but do not replicate in authentic class-
room or online contexts. For example, although Booth
et al. (2013) replicated the advantage of students studying
incorrect problem examples rather than correct exam-
ples in an in-vivo context of implementation, this finding
was not replicated in a more authentic classroom context
(Barbieri & Booth, 2016).

Therefore, the first study described below examined
whether learning from observing tutorial dialog vid-
eos was better than learning from observing lectur-
ing monolog videos, collaboratively and individually, in
large-scale online biology courses. Moreover, because
implementing collaborative watching of videos in large
online classes is often cumbersome, it is important to
know whether watching dialog videos individually is
more beneficial than watching monolog videos for col-
lege students across various STEM domains. Thus, the
second study described below examined whether it is
equally beneficial for students to watch dialog than mon-
olog videos individually in an authentic online math-
ematic course.

In short, the two research questions (RQ) correspond-
ing to the two studies were:

RQI for Study 1: Can college students learn better
from observing dialog videos than observing mon-
olog videos when they watch individually and col-
laboratively in online courses?

RQ2 for Study 2: Does the learning benefit of observ-
ing dialog videos over monolog videos replicate for
students when watching individually in a different
STEM domain?
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Weekly online learning activities repeated three weeks (in biology)
or two weeks (in calculus).

Fig. 1 Sequence of steps all students take

Overview of the two studies
In this section, we focus on the common aspects of both
Study 1 and Study 2, described below.

Design of the studies and participants

Both Study 1 and Study 2 used a between-subjects pre-
test—post-test design (Gall et al, 2007) by asking col-
lege students enrolled in large online STEM courses to
observe two different types of videos (e.g., monolog and
dialog) either individually or collaboratively. Specifi-
cally, in Study 1, we compared whether college students
enrolled in a biology class learned better by watching
dialog videos than observing monolog videos, either indi-
vidually or collaboratively, in which different students
participated in the four conditions, but watched the same
videos, all taught by the same instructor. In Study 2, we
compared students learning from observing dialog and
monolog videos individually only, in the context of an
online mathematics course.

The students were all recruited from online STEM
courses at a public university in the southwestern United
States. A stratified random sampling method (Gall et al.,
2007) was applied to assign students to the conditions,
in order to mitigate any pre-existing differences in prior
knowledge between the observing conditions (Makwana
et al., 2023; Muldner et al., 2014). Specifically, strata were
determined based on participants’ pretest scores, and
then for each stratum, students were randomly assigned
to each observing condition.

Procedure

Each study was implemented with six lessons, with each
lesson covering one topic taking an entire lesson period.
Each week has two (biology) or three (mathematics) les-
sons, following the same procedure. Pretests were admin-
istered at the beginning of the study to assign students
to each condition. At the end of each study, all students
were asked to complete the post-tests as a course exam.
Students in each group accessed assigned materials in a
learning management system, Canvas.

For each week, students from each condition were
required to complete four activities in a fixed sequence
(see Fig. 1 for details). First, the students were asked to
read the assigned materials and take a weekly quiz to
assess whether or not they have read the background
materials. Then, the students watched a video (either
dialog or monolog, either individually or collaboratively),
along with completing the worksheets assigned for that
video. Finally, the students took a post-test.

The videos were assigned to each condition by posting
to each group’s homepage in Canvas (using the Group
function) to prevent students from accessing another
type of videos that were not assigned to them. Each video
allowed the students to pause, forward, or rewind as
needed (Chi et al,, 2008; Craig et al., 2004). In addition,
the students in each condition were asked to complete
the same Constructive worksheet while watching the vid-
eos, which allowed them to be more generative based on
the ICAP framework (Chi, 2009).

The instructors and the tutees

The two instructors, one male biology instructor and one
female mathematics instructor, were recruited from the
biology and mathematics departments of the same insti-
tution. They were selected based on a few criteria, such
as their teaching experience, the topics of their courses
and course enrollment. Both instructors had more than
10 years of teaching experience and had offered the
selected course multiple times. The mathematics instruc-
tor served on the course development committee that
supervised the content covered in the calculus course of
Study 2.

The instructors were also given an orientation on the
purpose of this study and the expectation of their com-
mitment to ensure that they were on the same page with
the research team. Specifically, the instructors were
informed of the various types of videos they would create
and the criteria for identifying tutees.

For each of the two courses, two tutee—students, one
male and one female, were selected from those who
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enrolled in a previous offering of the course by the
instructors, to serve as the “tutee” in these tutoring dialog
videos. Two criteria were used to select the tutees: (1)
having a medium level of performance in their previous
courses, and (2) being comfortable with articulating their
thought processes.

Materials

The instructional materials used in the two studies were:
(1) the pretests and post-tests, (2) the reading materi-
als the instructors assigned, (3) weekly quizzes; (4) six
pairs of dialog/monolog videos; and (5) worksheets with
problems that resembled those presented in the videos.
All materials were created by the course instructors (see
examples in Table 6).

Pretests and post-tests

Pretests and post-tests in each study were created/
curated by the instructors to measure student learn-
ing in respective units. Pretests were designed to assess
observing students’ prior knowledge. Students received
attendance points after completing the pretests. The
post-tests included all the pretests items plus additional
items addressing a range of difficulty levels. Post-tests
were administered as a formal course exam and counted
toward their course grade.

Instructors were asked to create both explicit and
implicit items for pretests and post-tests. Explicit sub-
sets included questions that required simple factual recall
such as finding relevant information directly presented in
the videos or combining content from various segments
of videos. In contrast, implicit subsets consisted of deep-
level questions that students were required to make infer-
ences, undergo complex calculations and apply concepts
to solve problems. Once mutual agreement was reached
between the researchers and the instructor on a subset
of the questions, the instructor continued to label the
remaining test items as explicit and implicit questions.
Given both instructors’ teaching experience, they had no
difficulty differentiating implicit from explicit questions.

Reading materials

The biology instructor for Study 1 selected and assigned
the reading materials each week. The reading materials
basically covered the topics addressed in the videos. Due
to the nature of mathematics, instead of assigning read-
ing materials, the instructor for Study 2 offered a short
Zoom lecture focused on explaining basic mathematics
concepts used in the videos.

Weekly quizzes
The weekly quizzes included multiple-choice questions
about the content of the reading materials. Independent
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samples t-test results revealed that there were no statis-
tically significant differences in students’ weekly quiz
scores between different conditions in biology and math-
ematic courses, thus the quiz findings will not be further
reported below.

Instructional videos

Before recording any videos, we presented guidelines
to the instructors on how to tutor based on the ICAP
framework, such as eliciting responses from students
rather than providing long explanations, asking ques-
tions to students, and providing hints. This guideline
was presented via Zoom and took approximately 45 min
with about 25 slides. Questions from the instructors on
tutoring and the ICAP framework were answered before
recording started.

For each study, six pairs of dialog and monolog videos
were recorded by the course instructor using Zoom. Each
pair of videos covered the same content, consisting of one
topic, such as animal behavior for the biology course. The
instructors created presentation slides about the content
as well as problems to solve in the video. On average,
there were four problems (activities or questions) within
each video.

To create the dialog videos, the instructor tutored a
tutee—student on learning the content of the presentation
slides. The instructor worked with one tutee to record
the first three sessions and then recorded the remaining
three sessions with the second tutee. To avoid tutees get-
ting tired, they were asked to record the three sessions
spanning over 3 days.

In solving the problems, both the instructor and the
tutee—student used a Wacom Tablet to draw diagrams
and demonstrate the steps of calculation. The instruc-
tor provided explanations on concepts or questions,
gave elaborative and short feedback on tutee—students’
answers, and offered question prompts to guide students’
thinking processes. Tutees in the dialog videos were free
to ask questions and write on the whiteboard in Zoom
during the conversations. In short, the tutoring sessions
were recorded as dialog videos with the presentation
slides and the annotations as Zoom backgrounds.

The same set of slides were used to create the monolog
videos. However, the instructor used a lecture-style pres-
entation to teach the STEM concepts and explain how to
solve the problems. All instructional videos used in both
conditions were unscripted, in the sense that the instruc-
tors were asked to cover the content in each session in
their normal way of giving a lecture or facilitating a tutor-
ing session, in the way advised by our guidelines.

The length of the two types of videos varied slightly
due to the time spent by the instructor on providing
feedback to tutees and answering tutees’ questions in
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the dialog videos. However, we asked the instructors
to ensure that both types of videos cover the same key
concepts and should fully address each problem.

Worksheets

Worksheets were created by the instructors to engage
students in generative/Constructive learning in the
ICAP sense while watching videos across all condi-
tions. The items in the worksheets were similar but not
identical to those discussed in the videos. For example,
for the topic of the theory of evolution, a question in
the video asked students to explain what it would take
for humans to evolve wings, whereas a similar ques-
tion in the worksheet asked students to explain what
it would take to evolve humans without ears. On aver-
age, there were four problems (activities or questions)
within each of the six worksheets to correspond to
the four problems presented in the videos. Instructors
in both types of videos prompted the observing stu-
dents to pause and do the worksheet problems, allow-
ing them sufficient time to respond before resuming
the video. This setting was to prevent students from
directly copying the solutions and ensure that they
practice solving the questions using the concepts
learned from the videos.

To ensure that students completed worksheets, all
worksheets were included as course assignments which
they needed to submit on time. The instructors also
sent frequent reminders during each week to reinforce
the requirement of completing the worksheets while
watching videos. In the end, over 94% of students sub-
mitted their worksheets in those two studies.

Study 1: observing dialog and monolog videos

in a biology course

This study examined the impact of observing dialog
and monolog videos in two classes of an online biol-
ogy course taught by the same instructor, over two
semesters. Within the first semester, students observed
individually: half of the students watched the mon-
olog videos (Condition 1) and the other half watched
the dialog videos (Condition 2). In the second semes-
ter, students observed collaboratively: half watched
the monolog videos (Condition 3) and the other half
watched the dialog videos (Condition 4). The condition
of whether observing individually or collaboratively in
the first semester was randomly assigned, followed by
observing in an alternative way in the second semester.

Participants

A total of 416 college undergraduates from the two
course sections consented to participate in this study.
They were mostly sophomore, junior and non-biology
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majors. Students who enrolled in this course but did
not agree to participate could still access all materials
designed for this study, but their data were excluded.
Then, within each course section, a stratified random
sampling approach was used to assign students to either
observing dialog or monolog conditions, resulting in a
sample of 114 students in each of Conditions 1 and 2, and
94 students in each of Conditions 3 and 4.

Materials and procedures for study 1

The pretest included 24 multiple-choice questions
(twelve explicit and twelve implicit), covering materials
taught across the six lessons. The post-test had a total
of 31 questions, including all the pretest questions and
seven new multiple-choice questions (one explicit and six
implicit).

The biology instructor produced two sets of videos
focused on animal behavior and four sets of videos cen-
tered around population ecology. The same six videos
were used across the four conditions. The average length
of a dialog video was 36 min, and the average length of a
monolog video was 26 min.

For Conditions 1 and 2 in which students watched the
videos individually, each student also completed all the
six worksheets corresponding to the six videos, with a
total of 29 questions. For the two collaboratively observ-
ing Conditions 3 and 4, each randomly paired students
were asked to schedule two synchronous online meetings
each week, during which each pair watched videos and
completed the same 29 questions on the six worksheets
together on Zoom. There was no restriction on the length
of a synchronous meeting, but each pair was required
to collaboratively complete each of the six worksheets
through discussions. Once a meeting adjourned, each
pair submitted the recording of their meetings to Canvas
as a required course assignment.

Results

To confirm that the monolog and dialog videos were in
fact different, we spot-checked the videos by transcrib-
ing and then coding the instructor’s instructional moves
in two pairs of videos into four categories: explana-
tions, elaborative feedback, short corrective feedback,
and scaffolding prompts (Chi et al., 2001, 2008). Table 1
shows each type of moves made by the instructor in the
two pairs of dialog and monolog videos. A chi-square
test result (x*=68.17, df=3, p<0.05) confirmed that
the two types of videos did in fact contain different pat-
terns of instructional moves. The adjusted residual (see
Table 1) suggested the differences between the two vid-
eos in the number of explanations, elaborative feedback,
short feedback, and scaffolding prompts were statistically
significant.
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Table 1 Frequency of instructional moves by the instructor in
two pairs of videos

Videos  Explanation Elaborative Shortfeedback Scaffolding
feedback prompts

Dialog 92 (-8.3)* 30(5.0) 28 (4.8) 11(2.9)

Monolog 120 (8.3) 0(=5.0) 0(-438) 0(-29)

*Adjusted residual (in parenthesis) values (Z>1.96) showed significant
differences in two videos

Descriptive statistics including the means and stand-
ard deviations for the post-test in the four conditions are
provided in Table 2. There were no statistically significant
difference in the pretest scores across all four conditions,
F(3,412)=0.87, p=0.46. The homogeneity assumption
was assured by the result of the Levene Test for Equal-
ity of Variances for the four conditions, L(3, 412)=1.84,
p=0.139. A set of ANCOVA, with the pretest score per-
centage as the covariates were performed.! Planned com-
parisons were performed to examine any significant main
effect.

Comparing learning from observing monolog and dialog
videos
On average, students learned significantly more from
watching dialog than monolog videos (M=69.07 vs
65.65, Table 2), F(1,411)=11.21, p<0.05, n*=0.03. This
is true whether students watched individually (the dif-
ference between Conditions 1 and 2, F(1,225)=7.05,
p<0.05, n2=0.03) or collaboratively (difference between
Conditions 3 and 4, F(1, 185) =4.44, p <0.05, n>=0.02).
On average, students also learned significantly
more from watching collaboratively than individually
(M=67.88 vs 66.93, Table 2), F(1,411)=4.95, p<0.05,
n?=0.01. However, within each video type, the advan-
tage of watching collaboratively over individually was not
significant.
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Mean scores for the Post-test across the four conditions
70

68.64
68
67
66 66.17
65 65.22
64
63

Condition1:  Condition 3: Condition2:  Condition 4:
Individual  Collaborative Individual  Collaborative
Monolog Monolog Dialog Dialog

Fig. 2 Mean scores for the post-test across the four conditions

Figure 2 shows the mean percentage of the post-test
scores across the four conditions, and an ANCOVA
reported a significant difference, F(3, 411) =5.43, p<0.05,
n*>=0.04. The post-hoc comparison results indicated
that students collaboratively observing dialog vid-
eos (M=69.59) earned a significantly higher post-test
percentage score than those who observed monolog
videos, either collaboratively (M=66.17) or individu-
ally (M=65.52). No other post-hoc comparisons were
significant.

Comparing student performance in various levels

of questions

Table 3 shows the post-test scores for explicit and implicit
questions for each of the four conditions. For explicit

Table 2 Means scores and standard deviations for post-tests of each condition in study 1

Monolog videos Dialog videos Average
Mean (SD) Mean (SD)
Condition 1 Condition 2
Individually (n=114) Pretest 62.52 (16.60) 61.97 (16.80) 62.25 (16.68)
Post-test 65.22 (15.83) 68.64 (12.90) 66.93 (14.50)
Condition 3 Condition 4
Collaboratively (n=94) Pretest 5991 (15.61) 59.50 (15.86) 59.71 (15.69)
Post-test 66.17 (1642) 69.59 (14.26) 67.88 (15.43)
Average Pretest 61.34(16.18) 60.86 (16.40)
Post-test 65.65 (16.06) 69.07 (13.50)

! The statistical tests were performed using SPSS Version 27.
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Table 3 Descriptive statistics for explicit and implicit questions in the post-tests across conditions
Post-test questions Monolog videos Dialog videos Average
Mean (SD) Mean (SD)
Condition 1 Condition 2
Individually (n=114) Explicit 9.54(2.27) 9.96 (1.72) 9.75 (2.02)
Implicit 7.66 (2.26) 7.92(2.02) 7.79 (2.14)
Condition 3 Condition 4
Collaboratively (n=94) Explicit 936 (2.17) 9.82 (1.89) 9.59 (2.04)
Implicit 11.15(3.33) 11.74(3.12) 11.45(3.23)
Average Explicit 946 (2.22) 9.89 (1.79)
Implicit 9.24 (3.28) 9.65 (3.20)

questions, overall, students performed significantly better
when they observed the dialog videos than the monolog
videos (M=9.89 vs M=9.46, Table 3), F(1,411)=8.46,
p<0.05, n>=0.02. The significant difference in the aver-
age performance on the explicit questions was obtained
whether students watched individually (the difference
between Conditions 1 and 2, F(1, 225)=4.50, p<0.05,
n?=0.02) or collaboratively (the difference between Con-
ditions 3 and 4, F(1, 185)=3.96, p <0.05, 1>=0.02).

However, the difference in the average performance on
the explicit questions between students observing videos
collaboratively and individually (9.59 vs 9.75) was not sig-
nificant. Similarly, there was no significant difference in
explicit question scores when observing the same type
of videos, either dialog (9.82 vs 9.96) or monolog videos
(9.36 vs 9.54).

For implicit questions, overall, students observing vid-
eos collaboratively earned a significantly higher score in
answering implicit questions than those observing videos
individually (11.45 vs 7.79), F(1, 411)=193.47, p<0.05,
n*=0.32). The advantage of observing collaboratively in
answering implicit questions carried over when students
observing the same type of videos, either dialog (11.74 vs
7.92), F(1, 205)=167.16, p<. 05, q2=0.45) or monolog
(11.15 vs 7.66), F(1, 205) =151.84, p<0.05, n>=0.43) videos.

On average, for implicit questions, students observing
dialog videos performed significantly better than those
observing monolog videos (9.65 vs 9.24, see Table 3),
F(1,411)=4.72, p<0.05, n*=0.01. The significant differ-
ence occurred between students collaboratively observing
dialog videos (M =11.74, Condition 4) and those individu-
ally observing monolog videos (M =7.66, Condition 1).

Study 2: observing individually in a mathematics
course

Study 2 sought to replicate more specifically the find-
ing in Study 1 that watching dialog videos individu-
ally was more beneficial than watching monolog videos

individually in another STEM content domain, math-
ematics. Replicating this finding across various STEM
domains validates observing dialog videos individually as
an innovative, easy-to-implement instructional format.

Methods

A total of 89 students enrolled in the online Calculus
course consented to participate in this study, with 45 stu-
dents assigned to the monolog group and 44 to the dialog
group. The data from 15 students who did not complete
pretests or post-tests were removed for analysis, end-
ing up with a sample (N=74) of 36 students observing
monolog videos and 38 students observing dialog videos.
A majority of participant students were freshman from
business majors.

Materials and procedures for study 2

The mathematics instructor and two tutees who took the
calculus course from the previous semester developed
six sets of videos. The average lengths of a dialog video
and a monolog video were 22 min and 15 min, respec-
tively, covering the topics of Definite Integral, Substitu-
tion, Numerical and Graphical Viewpoints. The dialog/
monolog videos only focused on demonstrating the cal-
culus problem-solving process. Different from Study 1,
instead of assigning reading materials, the mathemat-
ics instructor delivered a short live lecture via Zoom
before students watched the assigned videos. The lecture
presented fundamental definitions and formulas as the
basis for solving calculus problems. Therefore, the quiz-
zes administered after the Zoom lectures were about the
mathematical concepts presented in the Zoom lectures.
While watching the dialog or monolog videos, students
were required to solve the problems on worksheets that
were similar but different (such as using different values
or variables) calculus problems. On average, there were
four problems on each worksheet.
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Study 2 lasted 2 weeks due to logistic requirements,
leaving the students attending three online sessions each
week. Given the time restriction on mathematics tests
imposed by the department, the pretests/post-tests were
relatively short. The pretest contained 10 questions (two
explicit questions and eight implicit questions), and the
post-test had 13 questions (adding three new implicit
questions). Explicit questions asked students to recall
information from the video and use the same formula to
answer the question, while implicit questions expected
students to make inferences based on the content pro-
vided in the video and then use the inference to com-
plete complicated calculation. The instructor curated
the test items from a test item bank and categorized the
questions as explicit or implicit, with guidance from the
researchers.

Results

Table 4 shows the mean scores percentages and stand-
ard deviations of the pretest and the post-test from the
two groups. The independent samples t-test results
showed no statistically significant difference in pre-
test scores between the two conditions (p=0.47) and
the homogeneity assumption was met, L(2, 72)=1.09,
p=0.31. ANCOVA, with the pretest score percentage
as the covariate, showed that the students who individu-
ally watched dialog videos gained a significantly higher
post-test score percentage than those who individu-
ally watched monolog videos (57.80 for dialog vs 46.16
for monolog), with a medium effect (Cohen, 1988), F(1,
71)=8.64, p<0.05, n*=0.11. Table 5 shows students
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observing dialog videos performed significantly better in
implicit questions (5.76 for dialog vs 4.42 for monolog)
when the pretest score percentages were controlled,
F(1,71)=8.24, p<0.05, n>=0.10, with a small effect. The
differences in the post-test scores percentages on explicit
questions between the two conditions did not reach the
level of significance.

Discussion

The goal of the studies described in this paper was to see
if we can replicate the previous laboratory findings in
authentic online learning context about a new instruc-
tional resource, tutorial dialog videos, because we have
previously shown that students learn more from watch-
ing dialog videos than lecture-style monolog videos. To
review, there are four important findings in our current
studies that reinforce the suggestion that viewing tutorial
dialog videos may be a good instructional resource, espe-
cially for online learning. First, the results reported here
replicated the advantage of observing tutorial dialog vid-
eos over lecture-style monolog videos from a laboratory
context (Chi et al., 2008) in authentic STEM classroom
context, across two different content domains (e.g., biol-
ogy and mathematics). Second, in particular, the learning
advantage occurs for the more difficult implicit questions
in both Studies 1 and 2, suggesting deeper understanding.
Third, watching collaboratively had a learning advantage
over watching individually, again replicating our prior
findings. However, the advantage of watching dialog vid-
eos (over monolog videos) was greater than the advan-
tage of watching collaboratively (vs individually). Given

Table 4 ANCOVA results and descriptive statistics for each condition in study 2

Monolog Dialog F p df n?
M sD M sD
Pretest 10.97 15.80 8.55 12.57 8.64 0.00* 1.71 0.11
Post-test 46.16 16.90 57.80 18.94
Table 5 Number of different levels of questions answered correctly in each condition for study 2
Difficulty Monolog Dialog F p n?
M SD M SD
Explicit 1.66 0.20 0.02
Pretest (n=2) 042 0.60 0.26 045
Post-test (n=2) 1.53 0.61 1.68 047
Implicit 8.24 0.005* 0.10
Pretest (n=8) 0.68 117 0.59 1.14
Post-test (n=8+3) 442 1.90 5.76 232

*Significance at the 0.05 level
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that learning collaboratively has been shown repeatedly
in the literature to be a beneficial mode of learning, the
greater benefit of watching dialog videos further com-
mends the utility of dialog videos for instruction. Fourth,
the finding that college students watching dialog videos
individually learned better than watching monolog vid-
eos individually, suggests that watching dialog videos
individually, can be implemented relatively easily in an
online context.

What factors could mediate the benefits of observing
dialog videos? Several factors were considered in Chi
et al (2017). The dialog videos are usually longer, sug-
gesting that the additional time that the tutors may have
taken tailoring their explanations to tutees’ individual-
ized needs in the tutoring sessions, may be the source of
students’ improved learning. However, Chi et al. (2017)
found no significant correlation between the frequency
of the tutor’s move (e.g., providing feedback or scaf-
folds) and student learning. Rather than the length or
frequency of explanations in each video, we suggest that
students who observed dialog videos learn better because
of the following five reasons, based on a synthesis of our
findings and other empirical evidence.

First, observing students are more likely to understand
statements or remarks made by tutees in the dialog video
given that they may have a similar level of relevant exper-
tise, which Chi (2013) referred to as a representational
match. To substantiate this point, Chi (2013) examined
students’ referral statements to the instructor’s utter-
ances in monolog and dialog videos and found different
patterns between those two groups. Specifically, students
observing dialog videos tended to elaborate on what the
tutors and the tutees both discussed, whereas it is only
possible to comment on what the tutor said, in the mon-
olog videos. Having the tutees as the target of referrals in
the dialog videos may be advantageous as students and
tutees may share similar level of understanding; that is,
they are more likely to have a representational match,
than between a student and the tutor. Overall, the zone
of proximal representational match may allow observing
students to understand the tutees better than the tutors,
and thus learn more from the tutees in the dialog videos
than the instructors in the monolog videos.

Second, students observing dialog videos have
opportunities to imitate tutees’ manner of performing
constructive learning, such as asking questions and gen-
erating substantive comments (Chi, 2013; Chi et al., 2008;
Rummel & Spada, 2005). Observing dialog videos may
empower them with constructive learning skills such as
asking their own questions, seeking substantive answers,
and elaborating on their understanding.

Third, research has indicated that watching the tutee’s
struggles or committing errors in the dialog videos can
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help facilitate learning, particularly by encouraging
observing students to be more Constructive and Interac-
tive in the ICAP sense (Chi & Wylie, 2014). For example,
Schunk et al. (1987) found that children learned bet-
ter when watching a video of subtraction that featured
a struggling student’s problem-solving procedures than
a competent peer solving the same problem. Similarly,
Muller et al. (2008) suggested that the tutor—tutee con-
versations in the dialog videos may reveal observing stu-
dents’ challenges in understanding the topic if the tutee
discussed similar challenges. However, Chi et al. (2017)
did not find a correlation between tutees’ faulty claims
and observers’ learning gains, so the plausible advantage
of watching a tutee struggle might be mediated by self-
efficacy (Shunk & Zimmerman, 2007) rather than the
advantage of overhearing tutees’ misunderstanding. That
is, Ormrod (2020) suggested that by allowing students to
watch a “model” who had difficulty at the beginning but
then managed to solve a problem in the end, may build
the observing students’ self-efficacy, thus promoting their
learning.

Fourth, Chi et al. (2017) suggested that students
observing dialog videos may become more intrinsically
motivated to invest effort in the pursuit of a correct
answer if they identified the errors in the tutee’s talks.
That is, they found that the tutee’s struggles or errors
in the dialog videos appear to encourage the observing
students to be more Constructive and Interactive while
trying to solve a problem and thereby becoming more
elaborative and knowledgeable in the topic discussed in
the dialog videos.

Fifth, most importantly, the ICAP theory suggests
that tutoring is generally an effective form of instruc-
tion because the context allows students greater oppor-
tunity to be generative/Constructive. This interpretation
of the benefit of tutoring was confirmed by our prior
study in which normal tutoring was compared with a
form of restricted tutoring in which tutors were forbid-
den from giving scaffoldings and explanations; instead,
the tutors were only permitted to prompt students for
responses. This led to equivalent learning outcomes
among the tutees in both conditions, suggesting that
the advantage of tutoring rests on the greater oppor-
tunities for tutees to be generative (Chi et al., 2001). It
is not far-fetched to suggest that perhaps the observ-
ing students will also be more generative, upon hearing
either the tutor’s comments or the tutee’s comments. In
fact, the analyses of collaborative observing students’
conversations do show that they tend to be more gen-
erative and collaborative (Chi et al., 2017). In sum, the
preceding five explanations suggest plausible reasons
for why observing dialog videos might enhance learn-
ing more so than observing monolog videos.
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The findings of this study have significant implica-
tions for designing effective instructional practices
in STEM education. One notable implication is that,
watching dialog videos, which are unscripted, can be
implemented as an easy and effective way of teach-
ing STEM subject content online. Without the need
to write scripts, instructors can easily record tutoring
conversations with students in a natural setting. Sec-
ond, dialog videos can also be effective for students
learning individually compared to didactic monolog
videos. Third, it is also easy to find students in one’s
class to participate as the tutee in the dialog videos as
students know they can benefit from being tutored.

Table 6 Sample questions
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Conclusions

Overall, our findings provide opportunities for scaling-up
dialog videos as a low-cost effective instructional format
that may have a high impact on student learning and can
be easily implemented at scale. Instructors may integrate
dialog videos in online courses easily to facilitate student
learning.

Appendix
See Table 6.

Question type Sample question

Pretest and post-test

You are working with local conservation agencies to monitor a key population of Gila monsters living in the Sonoran

Desert (pictured right). Previous studies estimate that the typical carrying capacity of Gila monster populations is 50 indi-
viduals. You estimate the population size of Gila monsters in this area to be 25 individuals in 2009. Based on your research,
you discover that Gila monster populations typically have a per capita growth rate of 0.25. Based on this information,
estimate the number of Gila monsters in the population in the year 2010. If your calculation has decimals, round up if

A pond ecosystem in an open field begins to be shaded by the growth of trees around its perimeter. Predict changes

function

Implicit
your decimal is 0.5 or larger, round down if your decimal is below 0.5. Select only ONE answer choice
A.2010=26
B.2010=28
C.2010=31
D. The answer is not listed in answers A-C

Implicit
in this pond after the trees grow large enough to completely shade the pond. Select only ONE answer choice
The population sizes of all organisms within the pond food web will decrease
A.The population sizes of all organisms within the pond food web will increase
B. The diversity of organisms within the pond food web will increase
C.The pond food web will not be affected by shading

Explicit If a bird song promotes an individual’s ability to attract a mate and reproduce, then the song has a(n)
A. Causative
B. Adaptive
C. Mechanistic
D. Assumptive
E. Historical

Weekly quiz

Multiple-choice question
is an example of a density- factor
A. dependent; independent
B.independent; dependent
C. dependent; dependent
D.independent; independent

Worksheet

A severe drought is an example of a density-

factor that can influence population size. The availability of nest sites

Multiple-choice question Why do prairie dog mothers ruthlessly kill ground squirrel pups that turn up near their burrows?
A.The ground squirrels provide supplementary protein
B.The ground squirrels share a similar ecological niche and compete for grass and plant food with the babies

of the mother prairie dog

C.The ground squirrels spread disease that could threaten her babies
D. The ground squirrels attract additional predators that could harm the prairie dogs
E. Any of the above could be correct. We need more data...

Open-ended question
mals?

Can you think of any other reasons besides kin selection or group selection that might explain cooperation among ani-
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