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Abstract

As a high-impact educational practice, cooperative learning uses a structured

group study to promote students' active learning. Currently, it lacks economi-

cal yet effective tools to facilitate the interactive nature of structured coopera-

tive learning in regular classrooms. Here, we have established a mobile

technology-based cooperative learning (MBCL) platform that comprises the

2018 iPad, Apple Pencil, LiveBoard, Google Forms, and Google Drive. We

tested the MBCL platform in multiple undergraduate biology courses. During

semester-long MBCL studies, the students engaged in cooperative learning to

discuss a real-life issue or chapter-based contents. With the MBCL platform,

the students' group study processes were shown on shared, visible electronic

whiteboards that were updated in real-time, generating visible thinking and

instant, interactive communication. The instructor was able to guide the stu-

dents promptly to conduct knowledge integration and knowledge synthesis

using tables and diagrams. The deep learning outcome was evident in the

examples and quantitative analyses of students' whiteboard study results and

team presentations. Thus, integrating innovative mobile technologies into

high-impact teaching practices, exemplified by the MBCL platform, promotes

deep learning in higher education.
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1 | INTRODUCTION

Group studies are proven to promote students' active
learning, knowledge application, and academic perfor-
mance in science, technology, engineering, and mathe-
matics (STEM) courses.1–3 Recognized as one of the

high-impact practices by the Association of American
Colleges and Universities, collaborative assignments
and projects are often used in group studies.4 In fact,
small group studies have become a well-accepted teach-
ing pedagogy in higher education, including medical
schools.5
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Among group study approaches, cooperative learning
refers to the practice in which students form small study
groups or teams to complete structured assignments
toward a common learning goal through cooperation.6–8

Cooperative learning has the following features: positive
interdependence, face-to-face promotive interaction, indi-
vidual and group accountability, interpersonal and small-
group skills, and group processing.9 This high-impact
practice is related to social interdependence theory.10

Positive interdependence can be achieved by structured
group study. In such structured studies, the instructor
designs the learning tasks that can be divided among
team members, and students take different roles, such as
facilitator, recorder, and reporter.11 Face-to-face promo-
tive interaction and discussion are deemed key to stimu-
lating students' cognitive restructuring to infer and
transfer ideas for deep learning; the latter can result in
conceptual understanding, knowledge integration, and
knowledge synthesis.3,12 Furthermore, the active, struc-
tured cooperation among group members is key to suc-
cessful cooperative learning, which depends on the
instructor's design of the team tasks and effective struc-
turing and administration of group studies.13–15

Currently, extensive studies have validated the positive
impact of cooperative learning on developing students'
reading, writing, presenting, and mathematical problem-
solving skills.1,16 However, the tools that can help instruc-
tors conduct and guide in-class cooperative learning are less
developed. For example, specific high-tech group study
classrooms have been designed to promote active learning.
However, these high-tech classrooms require significant
investment in fixed classroom equipment such as com-
puters, wall-mounted computer screens, circle tables, and
specialized software.17 The regular teaching classrooms in
most universities and colleges only have movable or fixed
chairs and desks, a podium with a computer, and a large
projection screen. In our previous practice of group studies
in those standard classrooms, we found that it lacked a tool
to facilitate the instructor's management of the in-class
group study and timely communication between the
instructor and students to promote deep learning.

Mobile technologies have been used to assist class-
room learning and group work.18–20 The iPad is a popular
mobile technology utilized in classrooms, together with
laptops.21 The typical use of iPads in classwork includes
taking notes, searching on the Internet, reading lecture
slides, watching videos, and conducting virtual meet-
ings.22,23 Less developed in using iPads in higher educa-
tion, however, is how to integrate the iPad technology for
structured, innovative pedagogical methods to support
the teaching process and curricula.24

In the present study, we set out to address the follow-
ing two research questions. What novel teaching tools

can help instructors conduct and guide cooperative learn-
ing in typical classrooms toward deep learning? How can
the iPad mobile technology be utilized to promote deep
learning in structured group studies? We hypothesized
that by integrating the Apple Pencil and Apple Pencil-
compatible iPad into cooperative learning, students' study
processes could become visible to the instructor, and
real-time, dynamic interactions between the instructor
and students could be achieved in regular classrooms.
We thought to test whether such a strategy can facilitate
the realization of deep learning, especially knowledge
integration and knowledge synthesis.

To this end, we have developed the Mobile
Technology-Based Cooperative Learning (MBCL) platform
and tested it in a set of undergraduate biology courses,
including Microbiology Lecture, Genetics, Immunology,
and General Biology I Lecture. The present study estab-
lishes a proof of principle that the MBCL platform can
facilitate structured, dynamic cooperative learning in ordi-
nary college classrooms, generate valuable teaching advan-
tages such as visible thinking, and promote deep learning
outcomes in knowledge integration and synthesis.

2 | METHODS

2.1 | Ethics statement

The Mercy College Institutional Review Board approved
this research project (Project #: 18–59). The questionnaire
was completed anonymously and voluntarily by the stu-
dents in the Microbiology Lecture class, Genetics class,
and Immunology class. To protect students' confidential-
ity, student volunteers conducted and collected the sur-
vey after the instructor had exited the classrooms. The
consent for using students' teamwork results for research
and publications has been obtained from all the students
who participated in the present study.

2.2 | Instructional setting

We conducted the MBCL studies at Mercy College, a coed-
ucational New York City area college with four campuses:
the Dobbs Ferry, Bronx, Manhattan, and Yorktown
Heights campuses. Mercy College is mainly an undergrad-
uate teaching college with specific graduate and certificate
programs. For MBCL activities, the Microbiology Lecture
class and Genetics class were administered in the fall
semester of 2018, and the Immunology class was con-
ducted in the spring semester of 2019. There was a total of
48 students in the three classes. We did not consider a stu-
dent who stopped attending the Genetics class due to
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personal issues. The MBCL studies were graded as a part
of a student's final grade. After all the MBCL studies, an
oral team presentation was conducted using PPT slides in
which each slide was labeled with the student name who
made that slide. Each student received an individual grade
for their PPT slides and performance during the team oral
presentation. In the fall semester of 2019, we conducted a
control experiment of MBCL in another Genetics class of
15 students and a General Biology I Lecture class of 30 stu-
dents, respectively. The class information of the present
study is summarized in Table S1. Among those biology
courses, the Genetics course has both lectures and labs
while the rest courses are lecture classes.

2.3 | Group assignment

To assign the students of each class into three to four
groups, we used the Blackboard learning management sys-
tem (LMS). Each group has three to five students. The
Blackboard LMS is referred to as Blackboard in the present
study. The group size was based on our previous experi-
ence that small groups promote students' engagement and
effective interaction. To benefit students at all academic
levels and support students to learn from peers equally, we
chose to divide students semi-randomly according to their
scores of the grade point average (GPA) and allocated stu-
dents of similar GPA levels to each group. As a result, each
study team had a similar number of high, medium, and
low GPA students. The assigned groups were kept the
same over a semester to facilitate cooperation among team
members.

2.4 | Role assignment

The students took turns to assume the following team
roles. The facilitator was responsible for assigning sub-
tasks, encouraging positive discussion, and timely comple-
tion. The recorder took notes and used the Apple Pencil
and iPad to record the study results. The reporter pres-
ented team results to the class and answered the questions
asked by other teams and the instructor. For each MBCL
study session, a team had one facilitator, one or two
recorders, and one or two reporters. The team roles were
rotated among the team members during a semester for
an equal opportunity to learning different team skills.

2.5 | Technology used

The 2018 iPads and Apple Pencils were purchased from
Apple using a Teaching Innovation Microgrant awarded

by Mercy College. The instructor was provided with a set
of the iPad and Apple Pencil. Each student group used an
iPad and Apple Pencil, and a total of four sets were
shared among classes. The application LiveBoard was
free at the time the present study was conducted. It was
downloaded from the Apple Store and used after registra-
tion. We also accessed LiveBoard freely online at http://
liveboard.online. Google Forms and Google Drive were
free to use. Mercy College provides Blackboard to its stu-
dents and instructors.

2.6 | Bioinformatics databases

Both the GenBank database and Online Mendelian
Inheritance in Man (OMIM) database were accessed
online at https://www.ncbi.nlm.nih.gov/ using the data-
base selecting menu. The Universal Protein Resource
(UniProt) database was used online at https://www.
uniprot.org/.

2.7 | Student data collection and analysis

The same questionnaire was conducted after all the
MBCL studies had been completed. The survey con-
sisted of 16 questions that use the ratings based on the
5-point Likert scale. It includes Strongly Disagree
(1 point), Disagree (2 points), Undecided/Neutral
(3 points), Agree (4 points), and Strongly Agree
(5 points). We attached a couple of yes or no questions
to the survey on whether the students had previous
experiences with in-class group study and using an iPad
in group studies. The data from the three courses were
analyzed utilizing Excel. After each in-class MBCL
study, the completed electronic whiteboards of team-
work results were saved in the instructor's Google Drive
account and later analyzed. On Blackboard, peer evalua-
tion was conducted using Google Forms. The peer eval-
uation data were collected automatically in the
instructor's Goggle Drive account.

In the fall semester of 2019, only two cooperative
learning activities were conducted using two class times
to compare the traditional method and the MBCL
method in the General Biology I class and the Genetics
class, respectively. For this comparison experiment, stu-
dents' teamwork results were collected for analysis.

2.8 | Statistical analysis

The QuickCalcs online application of GraphPad (http://
www.graphpad.com/quickcalcs) was used to analyze
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2 × 2 contingency tables to yield two-tailed P values by
Fisher's exact test. The t-test was conducted using
EXCEL.

3 | RESULTS

3.1 | MBCL platform and its functional
components

To facilitate cooperative learning, we chose to utilize
cutting-edge mobile technologies linked to the 2018 iPad
and the Apple Pencil, which allow knowledge integration
and synthesis via constructing tables and diagrams, just
like doing so on a piece of paper but with the new ability
to revise electronically at ease. The 2018 iPad and Apple
Pencil, used during the present study, can be replaced
with newer iPads and Apple Pencils.

To help instructors guide students' study through
real-time feedback, we identified a free iPad application
called LiveBoard that allows the sharing of hand-writing
illustrations instantly in the classroom. With LiveBoard,
student groups can record their study results in the form
of electronic whiteboards; multiple electronic
whiteboards can be shown on the classroom projection
screen and updated lively. If needed, the instructor can
revise students' whiteboards directly using the instruc-
tor's iPad to show students how to improve their study
directly on their work. Together, the iPad, Apple Pencil,
LiveBoard, and classroom projection screen form the core
components of the MBCL teaching platform. These core
components provide a real-time information exchange of
students' group study progress between the students and
instructor. It is equally important that these core mobile
components, independent of classroom settings, allow
the MBCL platform to be carried from one classroom to
another, permitting the sharing of a set of hardware—
iPads and Apple Pencils—among instructors for their use
in different classes.

Finally, we identified other mobile software that
could work together with the core MBCL components to
facilitate in-class MBCL activities. First, we used Black-
board to manage MBCL student groups, but other LMS
software, such as Canvas, can do the same. The use of
Blackboard integrated the MBCL activities into the
instructor's course management system. Second, we
employed Google Forms for conducting a short online
survey with which every student could give a score to
each of the teammates based on individual contribution
to the group study (Figure S1). The adoption of peer eval-
uation was based on previous studies to reduce the free-
riding behavior, which takes place when an individual
contributes so little to the teamwork, leaving the task for

others to complete.25 We then embedded this Google
Forms survey into the Blackboard course sites for stu-
dents to use. The use of Google Forms allowed the peer
evaluation results to be saved automatically in the
instructor's Google Drive account. In the peer evaluation
questionnaire, students were able to explain their reason-
ing on any unusually high or low scores that were given
to their team member(s). Third, Google Drive was used
to store group study results. The MBCL platform is illus-
trated in Figure 1a. While we used the iPad and Apple
Pencil, other tablets and digital pens based on the
Android and Windows operating systems can also be
used in the MBCL platform as the software used in the
present study can run on these operating systems. Simi-
larly, instead of LiveBoard, other applications can be
used to generate online instant sharing whiteboards in
the MBCL platform. Those alternative options can make
the MBCL platform more flexible to different instruc-
tional users.

3.2 | MBCL promotes deep learning in
thematic studies

For the two courses in the fall semester of 2018, we
designed a set of MBCL study sessions that were unified
under a theme. The topic of the MBCL studies in the
Genetics class was the pathogenic mechanisms of a
selected genetic disease from gene to protein. In the
Microbiology Lecture class, the topic was the pathogenic
mechanisms of a medically important bacterium. For
each class, there were four MBCL study sessions
(Figure 1b). The fourth session was a focused study
(Figure S2). In this session of almost 3 h, the students
were challenged with a real-life issue and worked on
structured assignments to identify, integrate, and synthe-
size knowledge.

In the focused study of both classes, the students were
able to complete the assigned tasks and conduct active
learning. Here we show the study results of a student
group in the Microbiology Lecture class to demonstrate
how the students were able to complete knowledge iden-
tification, integration, and synthesis using the MBCL
platform.

Figure 2 shows the whiteboard results of a team
studying Salmonella enterica serovar Typhi (S. Typhi).
On the first page of their whiteboard (Figure 2, left
upper panel), the students summarized the main fea-
tures of Salmonella and listed the major virulent factors
in three categories: structural factors, enzymes, and
endotoxins. On the second page of their whiteboard,
they listed the main symptoms of typhoid fever
(Figure 2, right upper panel). The first two pages met
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the requirements of the assigned tasks of the focused
study (Figure S2b).

During the group discussion (Task 3), the instructor
monitored the projection screen for the live progress of
the group study and encouraged this team to explore fur-
ther on the pathogenic mechanism related to the cytidine
monophosphate (CMP)-N-acetylneuraminic acid hydrox-
ylase (CMAH). When the group discussion was com-
pleted, this team had generated the third page of their
whiteboard (Figure 2, left lower panel). The instructor
later discussed the role of CMAH in the pathogenesis of
S. Typhi to the class. Directly on the students' white-
board, the instructor added and revised the relevant
information (Figure 2, right lower panel). The students
were able to use the MBCL platform to conduct

knowledge identification, integration, and synthesis. The
instructor's timely suggestion helped the students estab-
lish the molecular mechanism by which typhoid fever is
a human-specific disease. Finally, the instructor worked
directly on students' study results to show how their work
could be improved (Table S2).26–29

3.3 | MBCL used as a regular in-class
activity in the Immunology course

In the Microbiology Lecture and Genetics classes, we
used the MBCL platform for limited numbers of in-class
cooperative learning to address a core study theme. How-
ever, the MBCL platform can also be utilized for

FIGURE 1 MBCL platform and studies. (a) Principal components and workflow of the MBCL platform. In MBCL studies, the student-

generated information flows in blue. The instructor carries out the tasks indicated in red. (b) The semester-long MBCL studies consisted of

four sessions, from left to right. Each of the first three sessions used 50 min at the end of a regular lecture class. The fourth session was a

focused study that took an entire lecture class. After all the MBCL studies, an additional session (session 5, in red) was conducted for the

students to give an oral team presentation using PowerPoint slides; the presentation was critiqued by the instructor and students in the

format of questions and answers. Min, minutes [Color figure can be viewed at wileyonlinelibrary.com]
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cooperative learning activities that are not under a single
theme but focused on various lecture-based topics. This
strategy may help scaffold the deep learning skills
through generating tables and diagrams over a semester.
We chose to test this possibility by using the MBCL plat-
form in the Immunology course in the spring semester
of 2019.

As shown in Figure 3a, we conducted individual
MBCL studies in five lecture classes that focused on
chapter-based key concepts (Jan. 28, Feb. 4, Feb. 11, Feb.
25, and Apr. 1). Also, we conducted four MBCL studies
(Apr. 8, Apr. 22, Apr. 29, and May 6) under a core theme
to investigate a real-life issue, a selected immunological
disease, so that the students could identify and integrate
the taught and untaught knowledge and synthesize the
pathogenic molecular mechanisms. Creating tables and
diagrams served as the means for the students to think

critically and to integrate and synthesize knowledge. The
MBCL activities on chapter-based topics are more related
to knowledge recall, identification, and integration. The
MBCL activities under a core theme focused more on
knowledge integration and synthesis that are considered
as higher-order thinking skills (Figure 3a).

To analyze students' whiteboard MBCL study results
quantitatively, we generated a rubric for grading the
tables and diagrams. As shown in Figure 3b, students'
study results were differentiated based on the following
criteria: (1) whether the table or diagram was completed,
and (2) the number of errors in the molecular concepts
or mechanisms required to complete the MBCL assign-
ments. Figure 3c,d shows two examples of the tables gen-
erated by an MBCL group. For the first MBCL study
using tables, this group was able to generate the table of
the assigned cytokines. However, the functions of certain

FIGURE 2 Knowledge integration and synthesis in MBCL. The whiteboard results of a student team in the Microbiology-Lecture class

are shown as an example. The first page of the whiteboard in the left upper panel contains the student names (F: Facilitator, REC:

Recorders, REP: Reporters) covered by the black rectangles. The right upper panel shows the second page of the whiteboard. The left lower

panel contains the third page of the whiteboard. The right lower panel is the instructor's revision of the third page of the students'

whiteboard, in which the black arrows indicate the places of the revision, including deleted and added words in red [Color figure can be

viewed at wileyonlinelibrary.com]

432 ZHOU AND LEWIS

http://wileyonlinelibrary.com


cytokines were missing (Figure 3c). Compared to the
table in Figure 3c, which was graded for one point due to
three or more places of uncompleted items, the table that
was generated by this group toward the end of the semes-
ter (Figure 3d) did not have apparent errors or missing
items and therefore was given five points. In fact,
Figure 3e indicates an overall increase in table grades.

Thus, with multiple MBCL activities in generating tables,
the students gained knowledge recall, identification, and
integration skills to assist their study in immunology.

Compared to tables, diagrams were used to illustrate
logical thinking steps and complex molecular mecha-
nisms. The diagram examples in Figure 4a–c come from
three MBCL activities of the same student group on

FIGURE 3 Regular in-class MBCL activities in the Immunology class. (a) The MBCL platform was used to conduct cooperative learning

activities as a regular component of the classes. The first five MBCL activities addressed the chapter-based topics of immunity, complements, toll-

like receptors (TLRs), cytokines, and other key concepts and mechanisms taught in class. The remaining four MBCL studies were under a core

theme to discuss the pathogenic mechanisms of a student-selected immunological disease. Mar. 11, Apr. 15, and May 13 were used to conduct

three lecture exams. The study skills learned in those activities were categorized into three levels from basic to complex: knowledge recall and

identification, knowledge integration, and knowledge synthesis. (b) A rubric was used to grade students' whiteboard study results. The left column

of criteria is for table results, and the right is for diagram results. The score range was from 1 point to five points (low to high). (c–e) Analysis of the
tables generated by an MBCL group. Two table examples are given as (c) (Feb. 25) and (d) (Apr. 1). The scores of the six tables generated on Feb.

25 (one table), Apr. 1 (four tables), and Apr. 8 (one table) are presented in (e). Hrs, hours [Color figure can be viewed at wileyonlinelibrary.com]
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different dates: Jan. 28 (the first chapter-based MBCL
study using diagram), Feb. 11 (the third chapter-based
MBCL study using a diagram), and May 6 (the last MBCL
activity of the core theme). As shown in Figure 4a, the
first diagram generated by this group addressed most of
the terms and relationships among these terms that were
required by the MBCL assignment. However, there are
more than three places of error or inaccurate molecular
step or event. The diagram in Figure 4b, on the other
hand, has fewer places of error or inaccurate concepts.
When this group reached the final MBCL activity, the
students were able to generate a complex diagram that
showed the role of the humoral immune response in the
pathogenic mechanisms of autoimmune disease—
immune thrombocytopenic purpura (ITP) (Figure 4c and

Table S2). Hence, these MBCL study results demonstrate
the efficacy of the MBCL platform in scaffolding and pro-
moting students' learning in knowledge recall, identifica-
tion, integration, and synthesis over a semester. Indeed,
this conclusion is confirmed by the trend of the increased
grades of the students-generated diagrams, along with
the increased number of MBCL studies (Figure 4d).

3.4 | The overall learning outcome of the
MBCL studies

At the end of the last MBCL activity, we asked the stu-
dents to complete and summarize their in-class studies as
PowerPoint slides for an oral team presentation. We

FIGURE 4 Deep learning facilitated by generating diagrams during MBCL in the Immunology class. The whiteboard results of a study

group using diagrams were analyzed. (a–c) Three diagram examples are given. In (a) and (b), the red color illustrations were made by the

instructor for grading purposes after the students had submitted their MBCL whiteboard results: Red circle for removing the inaccurate or

incorrect molecular processes or concepts and red phrases for adding the correct or accurate molecular events. The red color illustrations in

(c) were made by the students during their MBCL study. (d) The scores were determined according to the rubric for the nine diagrams

generated by this MBCL group. There were four diagrams generated on May 6 [Color figure can be viewed at wileyonlinelibrary.com]
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chose to quantitatively assess the PowerPoint slides of
each study group to measure the overall educational out-
come of the MBCL studies.

A rubric was generated with the consideration of stu-
dents' skills in knowledge recall, knowledge integration,
and knowledge synthesis (Figure 5a). Here, knowledge
identification was considered as a part of the knowledge
recall category. From one to five, the increasing grades
correspond to the improved skills toward knowledge syn-
thesis, which was treated as the highest rank of the
thinking skills in the present study. As shown in
Figure 5b, even though the three biology classes have dif-
ferent difficulty levels, the MBCL studies were able to
achieve students' learning gains in deep learning, espe-
cially knowledge integration and synthesis.

3.5 | Comparison of the MBCL platform
and the conventional method in promoting
students' performance during cooperative
learning

To test whether the MBCL platform provides an advan-
tage compared to the conventional method of student-
instructor interaction during cooperative learning, we
conducted an experiment in the General Biology I Lec-
ture class and the Genetics class in the fall semester of
2019. Here, the conventional method was considered as
the usual interaction between the students and instruc-
tor, with which the instructor walked around the class-
room to address students' questions when students raised
their hands. For the MBCL platform, the instructor
timely advised the students when the instructor identified
any issues by monitoring the shared, instantly updated
student whiteboards.

This comparison experiment consisted of two in-class
group study activities: one with basic tasks and another
with complex tasks. For each activity in a class, half of
the groups used the conventional method, and the other
half utilized the MBCL platform. Each group used the
conventional method in one activity and utilized the
MBCL platform for the other activity. The instructor was
required to provide students suggestions of the study-
related directions or issues without giving out the
expected answers; the students had to figure out the solu-
tions by themselves. This rule was to ensure the quality
of the comparison experiment. In addition, the lively
updated MBCL whiteboards were shown on the instruc-
tor's podium computer or iPad, instead of the classroom
projection screen.

To generalize our rubrics for the use in different
teaching subjects, we made a master rubric that was
based on students' performance on identifying concepts
or terms that were classified in different categories, inte-
grating the identified terms into processes that were con-
nected by arrows, and synthesizing mechanisms that
could explain a real-life phenomenon (Figure 6a,b). Due
to different natures of the study assignments in various
teaching subjects, we further created the criteria to evalu-
ate students' performance on knowledge identification on
the terms of the categories (Figure S3), and a diversity of
study assignments can be graded by selecting a different
set of the scales from a) to l) (Figure 6a,b). The grading
scales of knowledge integration and synthesis were able
to be unified between the two classes (Figure 6b); it may
be due to the similar critical thinking processes to inte-
grate and synthesize knowledge for various study assign-
ments. The detailed rubrics for each study activity in
both classes were generated according to the master
rubric (Tables S3–S6).

FIGURE 5 Quantitative analysis of the PowerPoint slides of the MBCL presentations in all three classes. (a) A rubric to grade the

PowerPoint slides with the scale from one to five (low to high) was generated for assessing students' performance in knowledge recall,

knowledge integration, and knowledge synthesis. (b) In the three classes, the scores of PowerPoint slides were determined for each MBCL

group according to the rubric. For each class, the mean and standard deviation of the team scores are illustrated. Lec., lecture. Error bar:

Standard deviation
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FIGURE 6 The comparison experiment and students' approval on MBCL. (a and b) A master rubric to assess students' group study

results across disciplines in the comparison experiment. Two study activities were conducted in each of the two classes: General Biology I

Lecture (BIOL 160) and Genetics (BIOL 360). Each activity consisted of three tasks of five points. For each of the knowledge identification

tasks (all three tasks of activity 1 and task 1 of activity 2), the instructor selected five scales from a set of grading scales (Figure S3). For the

knowledge integration and knowledge synthesis tasks (task 2 and task 3 of activity 2), both classes used the same grading criteria. (c) The

cooperative learning results of the comparison experiment were graded according to their specific rubrics (Table S3–S6). All three analyses
indicate that the average earned points of study results from MBCL-utilizing groups were statistically higher than those of the traditional

method. Error bar: Standard error of the mean (*P < 0.05; **P < 0.01). (d) The survey results of the 5-point Likert scale of the three classes

were calculated as the approval mean scores. Error bar: Standard deviation
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As shown in Figure 6c, the MBCL-utilizing groups
achieved higher grades in both basic tasks and complex
tasks. When all the study activities were combined, the
MBCL-utilizing student groups also performed better
(Figure 6c). Thus, the data indicate that when compared
to the traditional method of student-instructor communi-
cation during in-class group studies, the MBCL platform
can yield better students' learning gains in cooperative
learning activities.

3.6 | Students' approval on the MBCL
platform

In addition to the actual MBCL study results, we
obtained students' opinions on the MBCL platform. After
the MBCL activities were completed, student volunteers
conducted a questionnaire in all the classes. The ques-
tionnaire consists of 16 questions that use the following
ratings: Strongly Disagree (1 point), Disagree (2 points),
Undecided/Neutral (3 points), Agree (4 points), and
Strongly Agree (5 points), as well as a couple of yes or no
questions to probe students' past experiences of in-class
group study. All the students participated in the MBCL
studies and responded to the survey (Table S7). The
majority of the students in all three classes had partici-
pated in in-class group studies before their MBCL studies.
The Microbiology Lecture class and Immunology class
have more students who used the iPad in previous in-
class group studies (40% and 40%, respectively) than the
Genetics class (11%), although the differences are not sta-
tistically significant using Fisher's exact test (Genetics
vs. Microbiology Lecture: Two-tailed P = 0.07 > 0.05;
Genetics vs. Immunology: Two-tailed P = 0.15 > 0.05).

The mean score of each question was calculated for
the three classes, and the scores ranged from 3.47 to 4.17
(Table S8). Thus, when we applied 3.00 as the cutoff for
not being approved, including Strongly Disagree, Dis-
agree, and Undecided/Neutral, the higher than cutoff
mean scores indicated that the students overall agreed
with these statements, approving the MBCL platform in
facilitating cooperative learning. When we focused on the
main statements (2, 3, 5, 7, 9, 13, 14, and 16) that describe
the potential facilitating functions of the various compo-
nents of the MBCL platform, as shown in Figure 6d, the
students approved the iPad as a useful tool for coopera-
tive learning (Statement 2: mean score = 4.05), LiveBoard
in generating electronic whiteboards for instant sharing
(Statement 5: mean score = 4.00) and easy revising
(Statement 7: mean score = 4.05) and instructor's direct
revision (Statement 9: mean score = 4.17), and the peer
evaluation in promoting students' engagement
(Statement 13: mean score = 3.74). The Apple Pencil has

the lowest mean score of approval (Statement 3: mean
score = 3.47). Nonetheless, the MBCL platform in facili-
tating structured group study and in-depth understanding
have the approval equal to or greater than 3.91
(Statement 14: mean score = 3.95; Statement 16: mean
score = 3.91), thereby approving the MBCL platform as
an efficient mobile teaching platform for facilitating in-
class cooperative learning.

4 | DISCUSSION

In the present study, we have established an iPad-based
teaching platform called MBCL and used it in the Micro-
biology Lecture, Genetics, Immunology, and General
Biology I Lecture courses. We have established the proof
of principle of the MBCL platform in facilitating coopera-
tive learning in regular college classrooms without spe-
cial requirements of fixed classroom equipment. The
MBCL platform streamlines the processes of setting up
student groups using Blackboard, saving electronically
cooperative learning results using Google Drive, and con-
ducting peer evaluation through Google Forms. More
importantly, the MBCL platform makes it available for
the instructor to visualize the real-time process of stu-
dents' group study. As a result, visible thinking generated
by the MBCL platform allows the instructor to provide
timely advice to guide students in conducting knowledge
integration and synthesis, which are considered as deep
learning and known to be the key elements of higher
education.30

The teamwork results of the MBCL studies support
the effectiveness of the MBCL platform in promoting
deep learning toward knowledge integration and synthe-
sis. Knowledge integration is a process to connect ideas
to prior knowledge about a topic.31 Closely related to
knowledge integration, knowledge synthesis refers to the
integration of findings from one study toward the under-
standing of a broader topic.32 In the Microbiology Lecture
class, because the students' study progress was visible to
the instructor through the instantaneously updated elec-
tronic whiteboard, the instructor was able to capture stu-
dents' study progress and suggest the students
investigating further on the role of the CMAH enzyme.
As a result, this team was able to conduct an in-depth
study on the pathogenic mechanism of S. Typhi at the
molecular level and evolutionary level (Table S2).

The above example suggests a mechanism for the
MBCL platform in promoting deep learning, which is
coherent with existing scientific findings. The real-time
presentation of the students' group study process on the
classroom projection screen gives rise to visible thinking.
Visible thinking has been recognized as one of the critical
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requirements for effective, scaffolded knowledge integra-
tion.33 Here, we propose an MBCL deep learning model
in which students' cooperative study progress is available
in real-time on LiveBoard. Such visible thinking can be
captured timely by the instructor, who is responsible for
guiding the cooperative learning process. The instructor
thereby can advise students accordingly and instantly,
and students can be guided to engage in additional coop-
erative study to achieve deep learning (Figure 7). The
cycle of the MBCL deep learning triangle dynamically
integrates students and the instructor toward an
instructor-guided in-depth learning process.

The effects of the MBCL platform on promoting deep
learning was further supported by the quantitative analy-
sis on the MBCL study results in the Immunology class.
We were able to demonstrate that conducting more
MBCL studies corresponds to the increased student per-
formance in knowledge recall, identification, integration,
and synthesis (Figures 3 and 4). Furthermore, the quanti-
tative measurement of the PowerPoint slides in all three
classes, which are the final MBCL study outcomes, also
supports the promotive effects of the MBCL platform on
deep learning (Figure 5). Corroborating the objective data
of students' MBCL study results, the subjective data of
student approval support the positive effects of the MBCL
platform (Table S8). On the other hand, we need to be
cautious at interpreting the data presented in Figures 3e
and 4d. Although the students likely improved their deep
learning skills over a semester through the MBCL activi-
ties, we cannot exclude the contribution from other fac-
tors, such as the possibility that students became more
familiar with instructor's requirements and expectations
over a semester. To address this issue, we later conducted
a comparison experiment in which the learning outcomes
from MBCL-conducting students were compared to the
study results of the students who did not use the MBCL
platform. The data demonstrate that when compared to
the traditional method of instructor's communication

with students during in-class group studies, the MBCL
platform can improve students' performance of coopera-
tive learning (Figure 6c). Additionally, the generic master
rubric used for grading various cooperative learning tasks
in two classes of different teaching subjects may provide
insight in designing a unified rubric to assess knowledge
identification, integration, and synthesis across
disciplines.

Previous studies have explored the use of the iPad in
facilitating undergraduate students' learning
extensively.19–21 Compared to some widespread use of
iPads in teaching, such as taking notes, searching on the
Internet, reading lecture slides, watching videos, and con-
ducting virtual meetings,22,23 the MBCL platform estab-
lishes a new way to address the issue of how to integrate
the iPad technology for structured, innovative pedagogi-
cal methods to support the teaching process and curric-
ula.24 To use the MBCL platform, an instructor would get
familiar with both the hardware and software. At Mercy
College, we do so through faculty workshops. We antici-
pate a novice instructor could implement the MBCL ped-
agogy through 1 or 2 h of facilitated workshops and
1–2 h of self-study. During the first MBCL class, the
instructor should allow time for students to learn and
practice using the platform. It takes additional time to
design well-structured group study contents.

The MBCL platform does not require specialized
high-tech group study classrooms that need significant
investment in fixed classroom equipment such as com-
puters, wall-mounted computer screens, circular tables,
and particular software.17 The MBCL platform can be
applied in typical college classrooms as long as the class-
room has a podium computer, a projection screen, and a
wireless Internet connection. The instructor can toggle
between team whiteboards on the classroom projection
screen. Thus, the MBCL platform does not impose a sig-
nificant financial burden to students, instructors, and
institutions in higher education except for purchasing a
limited number of iPads and Apple Pencils. For example,
in the present study, we only purchased four sets of the
iPad and Apple Pencil for students in a class to use and
carried these four sets to five different classes to conduct
the MBCL activities. Similarly, a teaching department
can purchase a set of iPads and Apple Pencils, which is
very affordable compared to constructing a high-tech
group study classroom, and multiple instructors can
share them for use in their classes. Moreover, differenti-
ated from some high-tech group study classrooms that
use computers or laptops, the use of the iPad and Apple
pencil gives the MBCL platform a unique function of pro-
moting knowledge integration and synthesis through the
freehand drawing of electronic diagrams and via the
direct revision by the instructor.

FIGURE 7 Model of MBCL deep learning triangle. The

progress of students' cooperative learning is visible to the instructor

in real-time. With insightful and timely advice, students can be

promoted to engage in additional studies to achieve deep learning
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Together, the present proof-of-principle study has
established a new mobile technology-based platform
MBCL that can facilitate in-class cooperative learning in
a regular classroom to promote deep learning in higher
education. As cooperative learning is a complex process
that involves multiple aspects, including students' psy-
chological states and team study skills, the current study
paves the way for future studies to further develop
MBCL's usefulness in promoting the efficacy of coopera-
tive learning.
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