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Due to public health measures enacted in response to the Covid-19 pandemic, educators and students
alike have been suddenly thrust into the realm of online learning. To better understand how active and col-
laborative learning methods can apply to students studying in isolation, we compared the effects of two
teach-and-question assignments: one that utilizes the active learning method of reciprocal peer tutoring
and a solo version that requires individual verbalized studying and elaborative interrogation. We used a
quasi-experimental design, with student participants enrolled in an online introductory human anatomy
course. The first treatment group completed regular teach-and-question study assignments virtually with
a peer, and the second treatment group completed the same assignment independently. We found no dif-
ferences in exam scores between treatments, even for students with high social anxiety; however, student
attitudes about the social versus individual assignment did differ for specific types of students. Students
who reported experiencing high social anxiety preferred completing the active learning exercise by them-
selves, and students with low scientific reasoning ability preferred the partnered assignment. This research
has potential implications for online classrooms. For instance, our results indicate that students who study
independently, or in isolation, may have learning outcomes similar to those of students who study with a
peer as long as they study actively. Because we found no negative impact on examination results, it
also could be that virtually partnered or independent teach-and-question assignments could be helpful
for instructors teaching large online classes to ensure all students are getting individualized feedback
and attention.

KEYWORDS reciprocal peer tutoring, verbalized studying, social anxiety, elaborative interrogation, online instruction, active learning,
collaborative learning, scientific reasoning ability

INTRODUCTION

In the wake of the first United States Covid- 19 restrictions
on gathering, higher-education programs across the nation
abruptly pivoted from an in-person educational model to
emergency remote teaching, with some classes being held
live on virtual conferencing software or through asynchronous
recordings (I, 2). Due to these precautions, many students sud-
denly began studying in isolation, potentially even thousands
of miles from their classmates and schools (1). This led to
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a myriad of pedagogical challenges for teachers in higher
education, including questions about how to include active and
collaborative studying and learning methods within the virtual
learning environment (3).

The benefits of active and collaborative learning methods
are well established (4, 5). One such method of active and collab-
orative learning is reciprocal peer tutoring, which is when two
students, who are often enrolled in the same course, take turns
explaining course content to one another to further their own
understanding and knowledge (6). Reciprocal peer tutoring
has been found to be an effective method of learning and
studying in pharmacology courses, physiology courses, and
anatomy courses (7). It is also widely used in medical schools
and nursing programs (6).

In a large introductory biology course, Bailey et al. found
that reciprocal peer tutoring in the form of a teach-and-ques-
tion assignment (TQ) increased learning gains for students
and improved examination scores (8). In the TQ assignment,
one student acts as a tutor and explains the course content

Copyright © 2022 Novak et al. https://creativecommons.org/licenses/by-nc-nd/4.0/This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

license.

April 2022 Volume 23 lIssue |

10.1128/jmbe.00232-21 |


https://orcid.org/0000-0003-1037-042X
https://orcid.org/0000-0002-8679-4010
mailto:rnovak@roseman.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1128/jmbe.00232-21
https://crossmark.crossref.org/dialog/?doi=10.1128/jmbe.00232-21&domain=pdf&date_stamp=2022-4-4
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to a peer from memory, and the peer inquiries about the tutor’s
content knowledge and asks further questions to probe their
understanding (8). In this way, TQ is used as a studying method
between students outside of initial content attainment from the
instructor or teaching assistant. In its simplest understanding,
the TQ assignment is ultimately the combination between the
active learning methods of verbalized studying and elaborative
interrogation. Verbalized studying, or thinking aloud, is the
simple effort of speaking out loud during the learning process
(9). Elaborative interrogation is the process of asking “how”
or “why” to increase active learning (10, 11). Both of these
methods have been shown to lead to a higher level of under-
standing and retention and help the learner make connec-
tions that they may not otherwise create through just reading
(9-13).

Collaborative learning methods, such as reciprocal peer
tutoring, can be effective at helping to further learning gains
for students, as well as allowing students to practice social and
emotional skills and giving students space to build relationships
with peers (6, 7). However, despite these positive reported
effects, some students may feel uncomfortable with the social
situations encountered during these learning environments
(14-17). For example, some students with social discomfort in
group learning situations showed lower cognitive awareness in
group activities and during these activities may feel apprehen-
sion, stress, and fear (18). Due to these factors, collaborative
learning methods may not offer the same learning benefits for
all populations of students (14-17).

The Covid-19 pandemic has been challenging, destructive,
and detrimental in countless ways, and the field of education
has certainly felt the impact of this weight (3). To assist educa-
tors in implementing active and collaborative learning and study-
ing strategies virtually, this research seeks to understand if the
positive effects of reciprocal peer tutoring can be experienced
by students who are studying online, potentially isolated from
their classmates. Specifically, we investigated the outcomes of a
series of TQ assignments that require students to utilize ver-
balized studying (the tutoring portion of the assignment) and
elaborative interrogation (the questioning portion of the
assignment) to build their knowledge. In this study, some sec-
tions of the course were assigned to complete the TQ assign-
ments remotely with a peer and others were assigned to com-
plete the assignment independently. All students in the study,
regardless of treatment, were required to speak and describe
course learning objectives out loud, ask higher-order questions
out loud, and upload an audio recording of each assignment
to the learning management system. This study also seeks to
understand if outcomes from the TQ assignment are differ-
ent for certain populations of students, based on factors such
as extroversion, social anxiety, and scientific reasoning ability.

The research questions guiding this study are as follows.

I.  Does reciprocal peer tutoring increase student learn-
ing above verbalized independent studying? Do certain
student characteristics predict greater benefit from re-
ciprocal peer tutoring (extroversion, scientific reason-
ing, social anxiety)?
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2. Does reciprocal peer tutoring increase student atti-
tudes above verbalized independent studying? Do
certain student characteristics predict greater attitudes
toward reciprocal peer tutoring (extroversion, scien-
tific reasoning, social anxiety)?

METHODS

Ethics statement

The primary author’s Institutional Review Board reviewed
and approved the study protocol (IRB2020-467). Written consent
was obtained from all participants in this study.

Participants and context

Participants in this study were undergraduate college
students enrolled in one of || course sections of a 200-level
human anatomy course for pre-health science majors at a
large private university in 2021. In total, 189 students enrolled
in the course, and 167 students gave written consent to partici-
pate in this study. Typically, this course would meet once a
week for a 2-h class in a large lecture hall. However, due to the
public health measures enacted in response to Covid-19 in early
2021, the lectures were prerecorded and students watched the
videos asynchronously. All activities included in this study were
required of every student in the class regardless of study partici-
pation; moreover; no additional activities were given to students
involved in this study.

Experimental design

To answer our research questions, we utilized a quasi-ex-
perimental design. Students self-selected their section, and then
we randomly assigned each of the || sections to a treatment. Six
sections were assigned to the teach-and-question with a peer
(TQ-P) treatment group and five sections were assigned to the
teach-and-question independently (TQ-I) treatment group
(see Fig. I). During the semester, students completed one
to two TQ assignments each week of the class, for a total of 23
TQ assignments overall. Aside from the difference in assignment
type, virtually all other course characteristics were identical
among treatment groups (instructor, exams, learning outcomes,
textbook, lab assignments).

At the beginning of the semester, students took a presur-
vey assessing multiple factors, including demographics, interest
in anatomy, scientific reasoning abilities, belongingness in the
sciences, communication and social anxiety, and extroversion.
In the survey, students were asked a single Likert-style question
to gauge their interest in anatomy. Because interest was assessed
using a single item, the conclusions we can draw about interest
changes are more limited than our other variables. To test stu-
dents’ scientific reasoning abilities, students took the 24-item
Lawson’s classroom test of scientific reasoning (LCTSR) that has
previously been validated in college student populations (19, 20).
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Teach-and-Question Assignment
with a Peer (TQ-P)
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FIG I. Description of treatment groups, TQ-P and TQ-I.

To assess belongingness, the students took a 7-item survey of stu-
dents’ belongingness in the sciences using a 5-point Likert scale
adapted from Good et al. (21). Social and communication anxiety
was assessed through a |2-item survey using a 5-point Likert
scale adapted from McCroskey and from Papanastasiou and
Zembylas (22, 23). To assess extroversion, students took a |0-
item survey of extroversion, a portion of the big-five personality
test, using a 5-point Likert scale from Goldberg (24). Responses
for belongingness (7 items), anxiety (12 items), and extroversion
(10 items) were summed in their respective categories and
treated as continuous variables. At the end of the semester, stu-
dents took a postsurvey that included Likert-style attitudinal
questions about the teach-and-question (TQ) assignment and
reanswered the interest in anatomy and belongingness in the
sciences questions.

Teach-and-question with a peer treatment group

In the TQ-P assignment (see Fig. 1), students began by
watching a segment of a 50-minute prerecorded lecture with a
peer through video conferencing software. Approximately ev-
ery 10 minutes in the lecture video, a slide would appear on the
students’ screens with learning outcomes. The instructor then
prompted students to pause the recorded lecture to participate
in the TQ portion of the class. Students began by deciding who
would begin as the tutor and who would be the questioner in
the assignment. It was the duty of the tutor to instruct their
partner on a learning objective from the lecture solely from
their own memory, and the duty of the questioner was to inves-
tigate the knowledge of the tutor; specifically by inquiring and
seeking further information on the content that the tutor was
explaining. The purpose of the assignment was for the ques-
tioner to help guide the tutor to aspects of the learning objec-
tive that they might not fully understand and to discuss those
together. After the objective was fully reviewed, the students
would then watch the next |10 minutes of the video together
until it was time to do the next TQ portion, with the former
questioner acting as the tutor.
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Teach-and-question independently treatment group

In the TQ-l assignment (see Fig. 1), students watched the
same 50-minute prerecorded lecture used in the TQ-P treat-
ment, but unlike those in the TQ-P treatment, students in the
TQ-I treatment watched independently. At the same |0-minute
intervals of the lecture, a slide would appear on their screen
with outcomes that the student was to review. The student
would then begin by explaining the content of the learning
objectives out loud from their own memory as if there was an
audience or peer in the room. To mimic the questioner in TQ-
P, the student in TQ-l would inquire and interrogate their own
understanding of the content that they just taught aloud. After
this sequence was completed, the student would then watch
the next 10 minutes of the video until it was time to do the
next TQ-| portion and repeat the process over.

TQ assignment grading

For both TQ-l and TQ-P assignments, the entire session
was audio-recorded and uploaded to the learning management
system for credit. Teaching assistants would listen to portions of
each recording and provide feedback to the students to help
improve the quality of teaching and questioning. However; the
recordings were ultimately graded only for completion. Thus, we
did not gather data on the quality of the TQ sessions. VWe had
hoped to record data about the length of the TQ session.
However; some students recorded only when they were talking,
and others recorded the whole time they were watching the lec-
ture. Thus, the lengths of the audio recordings did not always
represent the lengths of the TQ sessions.

Statistical analysis

The following assumptions of each linear regression
were met: linearity, normality, equality of variance, and mul-
ticollinearity. Due to the nested nature of the data (students
were not independent; they were grouped in sections and
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TABLE |
Equivalency of treatment groups, TQ-P and TQ-I
TQ-P TQ-I
Variable MeantSD n Mean tSD n Test P value Cohen’sd
Yr in school 1.930+0.869 68 1.700+0.796 77 Mann-Whitney U 0.114 0.264
Reasoning (LCTSR) 17.00 +4.729 73 17.46 +3.787 70 Ind. samples T 0.526 0.106
Interest-pre 3.889+0.920 87 3.848+1.014 79 Mann-Whitney U 0.952 0.009
Belongingness-pre 3.957+0.576 80 3.996 £ 0.605 78 Ind. samples T 0.492 0.066
Social anxiety 3.197£0.420 80 3.205+0.446 78 Ind. samples T 0.797 0.019
Extroversion 3.109+£0.832 80 3.027 £0.909 78 Ind. samples T 0.704 0.094

sections were grouped into treatments), we considered using
mixed modeling with a random effect for course section to
account for nesting. VWe used two methods to test whether such
a random effect was needed in regressions predicting exam per-
formance (as suggested in Theobald 2018) (25). First, we calcu-
lated the intraclass correlation coefficient (ICC) of the course
section random effect in an empty model with no fixed effects.
We found an ICC of 0.085, suggesting that the nesting by section
did not explain much variance in exam performance. To confirm
this, we compared complete models (including all fixed effects of
interest) with and without the random effect of course section.
Next, we calculated the Akaike information criterion (AlCc).
Because adding the random effect (AICc=927.27) did not
improve the model compared to the full model without the
random effect (AICc =925.55), we moved forward with standard
multiple linear regression without random effects. We also tested
whether accounting for nesting by section was needed in regres-
sion models predicting overall assignment attitudes. Similarly, a
low ICC (ICC=0.0) and inability of the random effect to improve
the model (AICc=612.00 compared to AICc=614.07) led us to
use standard multiple linear regression to predict attitudes.

RESULTS

Equivalency of treatment groups

Due to the quasi-experimental nature of our study, we tested
whether our treatment groups were equivalent at the beginning
of the semester. As shown in Table |, the two treatment groups,
TQ-P and TQ-|, were statistically equivalent at the beginning of
the course in terms of year in school, scientific reasoning ability,
anatomy interest, sense of belongingness in the sciences, level of
communication and social anxiety, and level of extroversion.

Research question |: assessment outcomes

We used exam scores to compare learning outcomes
of TQ-P and TQ-l. Throughout the semester, six exams were
administered, and all of the exams were identical for both treat-
ment groups. Figure 2A shows scores for both treatments on
each exam given. By split-plot analysis of variance (ANOVA),
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we saw no significant difference between treatment groups
(P=0.745; npz = 0.001) and no interaction between treatment
and time (P=0.343; npz = 0.006). Figure 2B shows the students’
average exam percent score, with scores from all six exams
averaged together. The mean performance was compared using
an independent samples t test, and we again found no difference
by treatment (P=0.505; Cohen’s d =0.104).

Research question |: predictors of assessment outcomes

We next wanted to see if the treatment helped specific
populations of students. To determine which variables pre-
dicted average exam percent score, we performed a multiple
linear regression analysis. As shown in Table 2, treatment still
had no effect on exam scores when other predictors were also
included. Students’ scientific reasoning ability (LCTSR score) was
the only significant predicter of average exam percent score. Ve
also tested whether adding interactions between treatment and
LCTSR, social anxiety, and extroversion improved the model
(to see if our treatment helped specific student populations).
As shown in Appendix |, adding in these interactions did not
improve the model (Table SI).

Research question 2: attitudinal outcomes
Attitudinal data were gathered at the end of the semester to

investigate student perceptions of both TQ assignments, as well
as other aspects of the course. Students in both the TQ-P and

100 100,
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Exam Number Treatment

FIG 2. Assessment outcomes. (A) Students’ scores on six course
exams are compared by treatment groups. (B) Average exam
percent scores are compared by treatment. Scores for all six
course exams were averaged together for each student.
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TABLE 2

Results of multiple linear regression with average exam percent score as target?
Variable Unstandardized B | Coefficient std. error | Standardized coefficient beta | t Significance
Constant 79.442 12.827 6.193 <0.001
Reasoning (LCTSR) | 0.745 0.215 0310 3.470 <0.001°
TQ-I 1.224 1.687 0.064 0.726 0.469
Yr in school 0.760 1.123 0.064 0.677 0.500
Female —1.523 1.975 —0.075 —0.771 | 0.442
Social anxiety —2.135 2.658 —0.095 —0.803 | 0.423
Extroversion —0.516 1.244 —0.048 —0.415 | 0.679

“Adjusted R*=0.061.
®Suggests P < 0.05.

TQ-l treatments reported that they would use TQ as a method
to study in future courses (73% of all students) and preferred the
role of “teacher” over that of “‘questioner” (87% of all students).
Our data hint that students with high social anxiety or low sense
of belonging may prefer the questioner role (see Appendix I,
Table S2), but we are unsure how reproducible this difference
would be since only |5 students preferred the role of questioner.
Both groups reported an increased sense of belongingness
(P=0.002; Cohen’s d=0.254) and interest in anatomy (P<0.001;
Cohen’s d=0.674) over the course, tested by paired-samples t
test. Change in belongingness and change in interest in anatomy
are shown in Fig. 3A. A split-plot, repeated measures ANOVA
was run to see if there was a statistical difference between the
treatments in relationship to the pre and post surveys. For sense
of belongingness, we saw no significant difference between treat-
ment groups (P=0.753; nP2= 0.001) and no interaction between
treatment and time (P=0.472; np2 =0.003). For interest in anat-
omy, we saw no significant difference between treatment groups
(P=0613; nP2=O.002) and no interaction between treatment
and time (P=0.804; np2 <0.001). As seen in Fig. 3B, the students
were asked three questions to determine their overall attitude
toward the teach-and-question assignment using a 5-point Likert
scale. Treatment groups were compared via Mann-Whitney U-
test. There was no statistical difference in attitudes toward the
assignment between the two treatment groups for any of the
three questions: liked assignment (P=0.436; Cohen’s d=0.121),
worth time (P=0.774; Cohen’s d=0.044), and comfort with
assignment (P=0.248; Cohen’s d=0.180).

Research question 2: predictors of attitudinal outcomes

Again, we were also interested in whether the two treat-
ments affected students differently based on student character-
istics such as social anxiety, extroversion, and scientific reasoning
ability. To estimate overall attitude toward the TQ assignment,
we summed students’ answers to the three questions of Fig. 3B,
and we used linear regression to predict this overall attitude. Ve
first compared two regression models to predict overall attitude:
one without interactions between treatment and student charac-
teristics and the second one with these interactions. As shown
in Appendix | (Table S3), including interactions with treatment
significantly improved the model. Thus, the full model with inter
actions is shown in Table 3. We found that students with high
social anxiety preferred the TQ-I assignment (interaction
between treatment and social anxiety: P=0.004), and this
interaction is shown visually in Fig. 4A. Students with low
scientific reasoning ability at the beginning of the course
preferred the TQ-P assignment, and students with high
scientific reasoning ability preferred the TQ-| assighment
(interaction between treatment and LCTSR: P=0.012), as
shown visually in Fig. 4B.

DISCUSSION AND IMPLICATIONS FOR INSTRUCTORS

An aim of this study was to find out whether or not the
collaborative and social aspect of TQ is needed for students

2r - . - - o 5
3 _ 4 5 5 o 5
q:’ - - qE,
g, r g 2 E} 4 ° 4 g’ 4
g o EH = .| g = !
© £ of @ 3 < 3F c 3F
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s 8 2+ 2 2r 2| s
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- ]
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FIG 3. Attitudinal outcomes. (A) Change in belongingness and change in interest, compared by treatment group.
(B) Liked assignment, worth time, and comfort with assignment, by treatment group.
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TABLE 3

Results of multiple linear regression with overall attitudinal score as target’
Variable Unstandardized B | Coefficient std. error | Standardized coefficient beta | t Significance
Constant 31.431 4.874 6.448 <0.001
Reasoning (LCTSR) | —0.207 0.089 —0.295 —2.333 | 0.021°
TQ-I 0911 0.459 0.162 1.984 0.050°
Yr in school —0.281 0.307 —0.08I —0.916 | 0.362
Female —0.290 0.541 —0.049 —0.536 | 0.593
Social anxiety —4.350 1.006 —0.666 —4.323 | <0.001°
Extroversion —0.526 0.477 —0.168 —1.103 | 0.272
LCTSR*Tx 0.296 0.116 0310 2.544 | 0.012°
Social anxiety“Tx 4.117 1.394 0.447 2.953 0.004°
Extroversion™Tx 0.647 0.678 0.141 0.954 0.342

“Adjusted R2=0.188. Tx, treatment.
®Suggests P < 0.05.

to experience learning benefits or if the learning benefits
can be brought about through an independent activity. We
found that neither the TQ-P nor the TQ-I participant group
performed better on examinations than the other (Fig. 2). In con-
trast, Bailey et al. found that participants in a TQ treatment had
~6% higher exam scores compared to participants who studied
on their own (8). However, in that study, the students who stud-
ied individually were allowed to study on their own in any way
they chose. Although Bailey et al. did not track what study strat-
egies students used, previous studies suggest that the majority of
college students primarily use passive strategies such as rereading
or watching material (26). In contrast, we compared the recipro-
cal peer tutoring treatment (TQ-P) to an individual assignment in
which students were required to verbalize and generate ques-
tions (TQ-l) and did not find the learning gains reported previ-
ously (8). This may imply that the social aspect of the TQ method
may not be necessary if students still verbalize and ask questions.
This suggests that educators could instruct students to complete
TQ assignments independently without decreasing students’

learning gains. Alternatively, it is possible that the benefit of a
partnered assignment would be more social than academic.
However, we saw no difference in students’ change in belonging
between the treatments (see Fig. 3A). It may be that there were
social benefits from the partnered assignment that we did not
quantify. Anecdotally, teaching assistants noticed that there
were more off-topic conversations aimed at relationship build-
ing in the TQ-P group.

Unlike past studies, we did not see decreased performance
in the social treatment (TQ-P) for students that reported high
social anxiety (Table 2 and Appendix |: Table SI) (14-17).
However, we did find that students with high social anxiety
preferred the TQ-l assignment over the TQ-P assignment
(see Table 3 and Fig. 4A). Because we found no difference in
exam results between the two treatments, it may be helpful
for those who experience social anxiety to be given the option
to engage independently in active learning methods to help
increase their attitude toward the assignment. This may be
important, as it has been demonstrated that forcing students

A5 B 151
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-] -]
2 10 2 10F
b % - TQ-P
3 3 - TQ
g 5 g 5
6 . © .

0 1 1 1 ] 0 1 1 1 1 1
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Scientific Reasoning
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FIG 4. Attitudinal interactions between treatment and social anxiety or scientific
reasoning. For both panels, overall attitude was calculated by adding together the
three Likert-style attitudinal questions on the postsurvey, which is shown on the y
axis. The x axis shows social anxiety score from pretest (A) or scientific reasoning
(B; LCTSR score from pretest). Raw data are shown by treatment, and lines are
from simple linear regression to show trends.
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with social anxiety to participate in group activities can nega-
tively affect their ability to learn (27-29). However, our study
found no interaction between treatment and social anxiety
on tests scores.

We also found an interesting interaction between treat-
ment and scientific reasoning ability (Table 3): students with
low scientific reasoning abilities preferred the TQ-P assignment,
and students with high scientific reasoning abilities preferred the
TQ-l assignment (see Fig. 4B). Although this interaction predicted
attitudes rather than performance, our results parallel those
of Bailey et al., who found that students with lower scientific
reasoning ability had greater learning gains from the TQ
assignment than those with high scientific reasoning ability
(8). Together, these two studies support the idea that imple-
menting a partnered TQ assignment could help increase course
scaffolding for students who may need additional learning and
studying support.

In summary, we found that an active learning assignment
that requires verbalization and questioning leads to similar posi-
tive attitudes (Fig. 3B) and exam performance (Fig. 2) whether
done in partnerships or as individuals. This makes the individual
TQ assignment a simple and effective active learning option for
students with high social anxiety who prefer working alone
(Fig. 4A) or for all students in virtual learning environments
when group work is less feasible. However, partnerships can be
formed even when students learn remotely, and this might be
especially beneficial for students who enter the classroom with
poor scientific reasoning skills (Fig. 4B).

Limitations and future research

It is important to note that the course utilized in this research
was not originally intended to be delivered in a virtual learning for-
mat and was delivered in this manner only as a safety measure in
response to the Covid-19 pandemic. Thus, our results reflect
emergency remote teaching rather than classic online learning,
and further research on this topic could focus on courses
intended to be delivered virtually. Further research should also
examine if implementing these learning methods in person, as
opposed to virtually, could have any different outcomes. It is possi-
ble that partnered assignments completed online, often in the
comfort of students’ homes, do not elicit the same social anxiety
that would be triggered in a classroom with more time constraints
and social pressure. Moreover, the need for collaboration in addi-
tion to verbalization and questioning should also be investigated
with different types of student populations, such as in a university
with open enrollment, in different disciplines, or with graduate stu-
dents. Future studies may also seek to compare three treatments
simultaneously: teach and question with a peer, teach and question
individually, and individual studying with no mandated teach and
question assignment. Finally, it would be interesting to study the
effects of homogeneous versus heterogeneous pairs in terms of
scientific reasoning. This study could be repeated with purposeful
and consistent pairings rather than allowing students to self-select
and change their partners throughout the course.
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