IEEE TRANSACTIONS ON PROFESSIONAL COMMUNICATION, VOL. 51, NO. 1, MARCH 2008 63

Learning Strategies in Online Collaborative Examinations

—JIA SHEN, STARR ROXANNE HILTZ, AND MICHAEL BIEBER

Abstract New forms of computer-mediated, online learning can bene t from new forms of assessment that t the
medium and the pedagogical style of the online environment. This paper investigates students learning styles and
learning strategies in taking online collaborative exams. Applying constructivist and collaborative learning theories,
the collaborative examination features students active participation in various phases of the exam process through
small group activities online. Students learning strategies, including deep learning and collaborative learning, are
investigated usinga 1 3 eld quasi-experiment to compare the team-based collaborative online exam with the
traditional in-class exam and with the participatory exam, where students participate in the online exam processes
individually. Data analysis using results from 485 students indicates that collaborative examinations signi cantly
reduced surface learning in exam study, enhanced interactions and the sense of an online learning community, and

increased perceived learning. The results also suggest learning predispositions were signi cantly correlated with
exam study strategies, and provide indications of their effects on learning strategies.

Index Terms—Collaborative examinations, collaborative learning, deep learning, online learning, peer assessment,

surface learning.

With over three million university students taking
online courses in the US alone in 2005, and with
online education becoming part of the long-term
strategy for many schools [1], enhancements to the
online learning process take on practical as well
as theoretical importance. Most current published
studies focus on learning outcomes only, such as
satisfaction and learning. Prominent researchers
such as Alavi and Leidner, however, have called for
more depth and breadth in the empirical studies in
online learning [2], and Hiltz and Goldman have
proposed comprehensive input-process-output
models to guide research on the interaction of the
many variables that influence the effectiveness

of asynchronous learning networks (ALN) [3].
Benbunan-Fich and Hiltz, for example, examined
mediators of the effectiveness of online courses,
and found that motivation and active participation,
among other variables, significantly mediated
learning results [4]. Thus, there is an increasing
need to examine other variables such as students’
learning predispositions and learning strategies in
order to provide a better understanding of online
learning.
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Our research aims at a deep investigation of
students’ learning dispositions, strategies, and
outcomes in the context of online exams. Students
not only should be evaluated by, but should

also learn through assessment. The traditional
instructor-controlled exam reflects the objectivist
learning model [5], which regards learning as the
uncritical transfer of objective knowledge from
instructor to students. New assessment approaches
based on constructivism theory [6] propose that
learners actually construct knowledge, guided by
their own ideas and interests. Instead of presenting
learners with information perhaps unrelated

to their own ways of thinking, constructivist
approaches emphasize the role prior knowledge
plays in building new knowledge [7]. For example,
learner-centered assessment [8] and classroom
assessment [9] shift attention from instructors
and teaching to students and learning through
assessment.

COLLABORATIVE LEARNING, an offspring of the
constructivist model, is a learner-centered and
team-oriented approach that assumes learning
emerges as learners interact with each other [10].
Studies have shown the superiority of collaborative
learning in both face-to-face settings and online
education using group support systems (GSS) [3],
[11].

Despite the collaborative learning paradigm

that dominates ALN, only a few studies have

been conducted to incorporate students’ active
participation and collaboration into the assessment
process online. With the use of GSS, students’
participation and collaboration have been
integrated into specific phases of collaborative
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assessment, such as collaborative development of
the grading scheme [12], question composition [13],
collaborative question answering [14]-[16], and
peer- and self-grading [17]-[19].

Incorporating constructivism and collaborative
learning theories, the online exams in this

study feature students’ active participation in
various phases of the exam process through

small group activities. Students designed exam
guestions, answered questions designed by their
peers, and graded answers to the questions they
authored. In the online participatory exam,
students participate in the online exam process
individually. When overall positive results of the
online participatory exam were revealed in previous
studies [20], [21], the online collaborative exam
was designed and examined in this study in the
hope of further improving students’ learning. The
online collaborative exam features students working
in small groups in the question design and grading
phases, but individually in the answering phase.
Although the most common form of collaborative
testing refers to students providing a common set
of exam answers [16], we believe question design
and grading phases are important opportunities for
students to learn, which can be further enhanced
with group work. The answering phase remains
individual to allow the exam to assess an individual
student’s learning.

A field experiment was conducted to evaluate the
online exams compared with the traditional in-class
exam. This paper examines students’ learning
styles and their adoption of learning strategies in
taking online exams, in particular deep learning
and collaborative learning, as well as student
learning outcomes.

THEORETICAL CONTEXT

In contemporary educational theory, one influential
group of researchers has identified learners’
approaches to be either surface level or deep level
[22]-[25]. A deep learning approach is consistent
with a search for knowledge and understanding,
whereas a surface learner is concerned only with
passing exams by memorizing facts. Learning
approaches have a motivation and a strategy
element, which are related [22], [24]. Students
attempt to understand a topic (deeply) if it is of real
interest to them or if they can see its relevance to
their current or future professional roles; whereas a
surface approach is associated with limited interest
in a task or an extrinsic motivation. While students
normally have a predisposition to either deep

or surface approaches in general, this preferred
approach can be modified by the teaching context
or learning environment for individual courses or
particular learning tasks. Measures of approaches
to learning can, therefore, be related to aspects
of the teaching and learning environment. In
assessment, prior studies have found that among
other variables, students dynamically form exam
study strategies according to different assessment
methods, while their predisposition towards a
surface or deep learning approach also impacts
their exam studying strategies [26], [27].

Collaborative learning has been identified as
essential for creating an effective online learning
environment [3]. Collaborative learning involves
social (interpersonal) processes by which a

small group of students work together (i.e.,
collaborate and work as a team) to complete an
academic problem-solving task designed to promote
learning. Many theories that are distinctively
social have been advanced, such as situated
learning [28], distributed cognition [29], and
learning communities [30]. Applying these social
learning theories to the online environment, online
researchers have studied the capacity of the
online environment to support social activities and
interaction [31]-[33]. They found that the extent of
students’ perceptions of their learning experiences
online as actively involving, socially rich, and
collaborative can improve their learning outcomes.

RESEARCH MODEL AND HYPOTHESES

Fig. 1 shows the research model that will be
discussed in this paper. This is part of a larger
research framework [34] developed based on the
Online Interaction Learning Model [35].

Fig. 1. Research model.
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Exam Modes The independent variable consists
of three exam modes: the traditional exam, the
participatory exam, and the collaborative exam.
Fig. 2 compares and contrasts the three exam
processes as they were conducted in this study.

In both the participatory exam and the collaborative
exam, the process of involving students in question
design and grading is conducted online. While
students in the participatory exam perform these
steps individually, students in the collaborative
exam first participate individually (i.e., each designs
guestions and grades), and then the group (of three
to five students) as a whole discusses, improves,
and reaches consensus on the questions and
grades. Typically, essay type questions are designed
and answered by students. As discussed above,
students answer exam questions individually in all
three exam modes to maintain the exam’s ability to
provide accountability of individuals’ learning.

Learning Predispositions Many studies in
web-based learning have indicated that student
characteristics [36], among other contextual factors
[37], are likely to influence learning. As part of
student characteristics, students’ predispositions
on learning are expected to moderate the strategies
they adopt. In particular, the following two aspects
of students’ learning predispositions are examined
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in this study: (1) deep learning, and (2) collaborative
learning.

As discussed previously, DEEP LEARNING is a
student’s approach to learning which is consistent
with a search for knowledge and understanding;
whereas a surface approach is concerned only with
passing exams by memorizing facts. Studies have
shown that students normally have a predisposition
to either deep or surface learning. In this study,
students’ deep learning predisposition was
measured before the exam through questions about
their approaches to learning the course materials.

Collaborative learning predisposition is developed
in this study to describe students’ orientations

in using collaborative learning strategies and
learning from other students. A COLLABORATIVE
LEARNING APPROACH is consistent with learning
from interacting with other students and enjoying
working with other students. As with deep learning,
students’ collaborative learning predispositions
were measured before the exam.

Exam Study Strategies The exam study process
includes the learning activities that occur in
preparing for and participating in an exam. In
the traditional exam, the exam study process
includes preparation before the exam, learning
while answering questions during an exam, and
reviewing the instructor’'s feedback after the exam.
In the participatory and collaborative exams, the
exam study process includes not only the activities
associated with the traditional exam, but also
additional activities during the question design
phase, the grading phase, and review of others’
postings in the ALN environment.

While deep learning is associated with students’
general learning approach to the course, deep
exam study is associated with the specific learning
strategies students adopt in exam study. DEEP
EXAM STUDY is defined in this study as the
extent of the student’s search for knowledge and
understanding during the exam studying process.
Low adoption of deep exam study (i.e., surface
exam study) is associated with passing exams

by memorizing facts, while high adoption of deep
exam study is associated with seeking knowledge
and understanding. Deep exam study is reflected
in a number of strategies the student may use

in exam studying, such as adopting professional
perspectives to understand course materials, and
spending extra time to obtain more information
on interesting topics [26], [27]. In this study, deep
exam study was measured after the exam through
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guestions about the specific approaches students
adopted.

Similarly, social engagement is associated with
the specific learning strategies students adopt

in exam study. SOCIAL ENGAGEMENT is defined as
the extent of a student’s active involvement in
learning from other students through the exam
study process, and the sense of forming a learning
community. High adoption of social engagement in
exam studying is using strategies such as getting
to know other students better through the exam
process, acknowledging learning from others, and
forming a learning community.

Student Learning Student learning outcomes
are examined from two perspectives in this study:
student perceived learning, and actual learning.
Perceived learning was measured using 12 items
in the post-exam surveys. Among the 12 items,
10 were designed based on Bloom’s taxonomy [38]
to measure perceived learning from lower levels,
such as understanding the materials, to higher
levels, such as comprehension, understanding,
application, analysis, synthesizing, and evaluation.
The other two items were adapted from the
collaborative exam questionnaire used in previous
studies conducted by the authors [21], [39].

Actual learning was measured using exam grades
in final exams whenever possible, where the
experiment was conducted during the midterm and
a conventional exam was given as the final exam.
In those courses where there are no final exams
but final projects instead, the final project grades
were used as a measure of actual learning.

Research Questions and Hypotheses Since
the collaborative exam is the main innovation of
this research and thus the focus of the paper, the
following hypotheses compare the collaborative
with the participatory exam, and the collaborative
with the traditional exam. For comparison of the
participatory and traditional exam, see other
publications [20].

Based on constructivism and collaborative learning
theories, actively engaging students in the entire
exam process as online collaborative groups should
enhance learning and the sense of a learning
community. Thus it was hypothesized that students
in the collaborative exam would adopt higher
levels of deep exam study (H1) and higher levels

of social engagement (H2) than students in the
other two exam modes. In addition, students in the
collaborative exam would achieve better learning

outcomes, including perceived learning (H7) and
actual learning as measured using final exam or
project grades (H8). As students’ predispositions
towards a surface or a deep learning approach
also affect their exam studying strategy, it is
hypothesized that students’ predispositions on deep
learning or collaborative learning will affect their
adoption of deep learning (H3) or social engagement
(H4) in exam studying. The interaction effects of
exam modes and learning predispositions (H5, H6),
and exam modes and exam study strategies (H9,
H10) are also investigated. While previous studies
on online examinations indicate overall positive
results, student interviews suggest that there
may be a wider range of exam strategies adopted
in taking the online exam compared with the
traditional exam [20], [21], [40], [41]. The research
questions and hypotheses are listed below, with
corresponding hypothesis numbers shown in the
research model in Fig. 1.
RQ1: Do students adopt different exam study
strategies in the collaborative exam mode than
the other two exam modes?
H1: Students taking the collaborative
examination will have higher adoption of
deep learning in the exam studying process
than students taking the traditional exam
(H1.1) or the participatory exam (H1.2).
H2: Students taking the collaborative
examination will have higher social
engagement in the exam studying process
than students taking the traditional exam
(H2.1) or the participatory exam (H2.2).
RQ2: Do students’ exam study strategies
correlate to their learning predispositions?
H3: Students’ adoption of deep learning in
the exam studying process will be positively
related to their predispositions to deep
learning.
H4: Students’ level of social engagement
in the exam studying process will be
positively related to their predispositions to
collaborative learning.
RQ3: Do the relationships between students’
learning predispositions and their exam study
strategies differ in the collaborative exam and
the traditional exam?
H5: The difference in the adoption of deep
exam study between students who are the
least deep-oriented and those who are the
most deep-oriented will be larger in the
collaborative exam than in the traditional
exam.
H6: The difference in the adoption of
social engagement in exam studying
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between students who are the least
collaborative-oriented and the most
collaborative-oriented will be larger in the
collaborative exam than in the traditional
exam.
RQ4: Do students achieve better learning in
the collaborative exam than the other two exam
modes?
H7: Students taking the collaborative
examination will have higher perceptions
of learning than students taking the
traditional exam (H7.1) or the participatory
exam (H7.2).
H8: Students taking the collaborative
examination will achieve higher grades
in the final exam/projects than students
taking the traditional exam (H8.1) or the
participatory exam (H8.2).
RQ5: Do the relationships between students’
exam study strategies and perceived learning
differ in the collaborative exam and the
traditional exam?
H9: The difference in perceived learning
between students who adopt the least
deep learning and the most deep learning
in exam study will be higher in the
collaborative exam than in the traditional
exam.
H10: The difference in perceived learning
between students who are most socially
engaged and those who are least engaged
in exam study will be higher in the
collaborative exam than in the traditional
exam.

RESEARCH DESIGN

Subjects To investigate the research questions,

a 1 x 3 quasi-experimental nonequivalent groups
design with pre- and post-measures was employed.
This is appropriate given the situation of the study
where the participants were aggregated into groups
(i.e., course sections) for educational purposes, and
where random assignment was not possible. The
study was conducted in the spring, summer, and
fall semesters of 2004 at a US university. A total
of 22 course sections at the undergraduate and
graduate levels participated in the experiment. A
balancing technique was used to assign sections
with similar characteristics to different exam modes
in order to counterbalance pre-existing differences
among students.

Table | shows the number of subjects in each
condition and the response ratio. Extra credit

towards the exam grade was provided as incentive
to complete the surveys.

Procedures Detailed exam instructions including
guestion design and answer grading criteria were
provided to students before the exam. The entire
online exam took about two and a half weeks,
including about three days for each of the main
phases: question design, answering, and grading,
and a few days for the instructor’s activities, such
as question review and assignment. The online
exams were conducted using WebBoard and WebCT,
and the process was anonymous using pen names.
Students in the traditional exam condition took the
exam in class, or through proctors in remote sites in
distance-learning courses. The instructor provided
the questions and graded students’ answers. With
the instructors’ permissions, students were allowed
to use certain course materials in the traditional
exams in this study, such as course notes, books,
or other references, in order to make the exam
conditions comparable in this regard. Grading
criteria and guidelines equivalent to those of the
online exams were provided in advance of the exam
to students. Questions of similar types (e.g., essay)
were asked in matching course sections in different
exam modes whenever possible (e.g., because of a
matching section in the same semester, questions
designed by students in the online section were
re-used for the traditional exam in the same
course.)

Students in all three conditions filled out the
pre-exam questionnaire regarding demographics
and learning predispositions. Shortly following
the exam, students were asked to complete the
post-exam questionnaires, which have many of the
same gquestions for the three conditions to allow
comparison. The questionnaires adapted items
that have been validated [26], [42], and items from

TABLE |
1 3 FIELD EXPERIMENT AND NUMBER OF SUBJECTS

Exam Mode
z 2
T L ® Total
c @® —
o o o
£ © 8
© K 3
— o (@]
Experimental | 535 | 450 | 199 | 586
subjects
Survey 173 | 137 | 175 | 485
subjects
Return rate 73.6% | 90.1% | 87.9% | 83%
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previous studies on the online exam [21], [39] with
revisions and additions. The questions used are
shown in the results section of this paper.

Collaboration Support Systems Used in

the Study WebBoard and WebCT were the
asynchronous conferencing systems used to
facilitate the participatory and the collaborative
exams in this study. Both systems have
“conferences,” which are threaded discussion
areas where students can post, read, and reply
to comments of others. One main conference was
created for the main exam activities; administration
information and student feedback were posted in
general administration and feedback conferences.

FINDINGS

The raw data were analyzed using SPSS. This
section first presents the factor analysis and
normalization test results, followed by item-level
response analysis, and finally hypothesis testing
outcomes.

Factor Analysis, Reliability of Scales, and

Addition of Hypotheses Through principle

component factor analysis with PROMAX rotation,

the following three factors were extracted from the

pre-exam questionnaire:

(1) Deep learning: 5 items, Chronbach's alpha =
0.83.

(2) Surface learning: 5 items, Chronbach's alpha =
0.78.

(3) Collaborative learning: 7 items,
Chronbach's alpha = 0.87.

Items measuring the deep learning predisposition
construct split into two factors. The positive
items converged into one factor (deep learning),
and the negative items converged into another
factor (surface learning). The items measuring
collaborative learning converged into one factor as
expected.

Using a similar procedure, the following factors
were extracted from the post-exam survey results.
(1) Deep exam study: 6 items,

Chronbach's alpha = 0.80.
(2) Surface exam study: 2 items,

Chronbach's alpha = 0.70.
(3) Social engagement: 4 items,

Chronbach's alpha = 0.80.
(4) Perceived learning: 12 items,

Chronbach's alpha = 0.93.

The items from the post-survey measuring the
deep exam study construct split into two factors.

The positive items converged into one factor
(termed deep exam study), and the negative items
converged into another factor (termed surface exam
study). The items measuring social engagement
and perceived learning converged into factors as
expected. These items are shown in Tables Il and
1.

The reliability analysis of the factors suggests
the factors are highly reliable, with Chronbach’s
alpha all above the 0.7 level. The mean scores
were calculated for all the factors, and the data
were tested for normal distribution. Among the
seven factors, four were normally distributed
(deep learning, collaborative learning, deep exam
study, and social engagement). Through data
transformation, surface learning and perceived
learning were successfully normalized. In addition,
final exam/project grades were also tested for
normal distribution, and they were normally
distributed. In the next section, parametric data
analysis was performed on factors that were
normally distributed, and nonparametric data
analysis was performed on surface exam study,
which was not normally distributed.

Given deep learning splits into two factors (deep
learning and surface learning) through the factor
analysis above, H1 and H3 are each revised with
an additional hypothesis addressing the new
factor. Although deep exam study also splits into
two factors, surface exam study factor is not
normalized. Given the limitations of nonparametric
tests, H5 and H9 are not revised, and only deep
exam study is used in testing those hypotheses.
The additional hypotheses are:
Hla: Students taking the collaborative
examination will have lower adoption of surface
learning in the exam studying process than
students taking the traditional exam (H1a.l) or
the participatory exam (H1a.2).
H3a: Students’ adoption of surface learning in
the exam studying process will be positively
related to their predispositions in surface
learning.

Before presenting the main results, it is necessary
to point out that analysis using the pre-exam
survey data shows no significant difference among
students in the three exam modes before the
exam. The one-way ANOVA comparing the learning
dispositions revealed that there is no significant
pre-existing differences of students among the
three exam modes at the 0.05 level, including
collaborative learning F(2,417) = 0.01. p = 0.90,
deep learning F(2,417) = 2.52, p = 0.08, and surface
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learning F(2,417) = 0.832, p = 0.44. Students’
demographic data were analyzed using Chi-Square
tests, and no significant differences existed among
the three conditions, including gender x2(2) = 4.363,
p = 0.113, work experience x2(10) = 17.857, p = 0.057,
and previous online exam experiences x2(6) = 9.78,
p = 0.134. This suggests the matching technique
used in assigning courses to different exam modes
was quite successful in preventing pre-existing
differences among the three conditions.

Univariate Analysis This section presents key
descriptive results from the post-exam survey on
the individual question item level.

Deep Exam Study: Table Il provides the univariate
analysis results of the six items of the deep exam
study factor, including means and standard
deviations.

In five out of six items, students in the participatory
or the collaborative exam reported adopting a
deeper approach to exam study compared with

TABLE 1l
ITEMS MEASURING DEEP ExAM STUDY

(]

°

2

Item € <

®© g a

5 = o
When | was studying for the exam, | found T [4.32(1.66
most topics interesting and spent extra time P | 468|155
trying to obtain more information about : :
them. C |4.52]1.61
| found that | had to do enough work on a T (462142
topic solthat | could form my own p 285135
conclusions before | was satisfied in
studying for the exam. C |497(1.35

T |4.77|1.75
| tested myself on important topics until |
understood them completely while studying | P | 4.22|1.71
for exam.

C |445]|1.67
When | was studying for the exam, | put T [445]1.68
myself in the position of a system analyst p 278|152
and designer to try to understand his/her . :
role in organizations. C |4.77 (162
| spent a lot of time finding out more about T |4.01]1.71
interesting topics which have been
discussed in this course when | was P |489]148
studying for the exam. C 466|165

. T |4.91]1.64

When | was studying for the exam, | found
that | could relate this course’s material to P |5.28]|1.47
other subject areas.

C |5.11]1.61

: Traditional Exam;
: Collaborative Exam.

: Participatory Exam;

those in the traditional exam. For example,
students in the participatory exam reported the
highest adoption of deep exam study in terms

of finding the topics interesting, being willing to
spend extra time to study, adopting professional
roles in understanding materials (e.g., putting
oneself in the position of a system analyst and
designer), spending extra time to find out additional
information, and relating course materials to other
subject areas. Students in the collaborative exam
reported the highest level of achieving satisfaction
by researching topics to form their own conclusions
in exam study. The only item that had the highest
score in the traditional exam is testing oneself

on important topics until one understands them
completely. The results suggest that students in the
participatory and the collaborative exam adopted

a deeper approach to exam study, including
taking professional and academic perspectives in
understanding materials, while students in the
traditional exam tested themselves on important
topics before the exams.

Surface Exam Study: Table Il shows the results
of the two items of the surface exam study factor.
Note the negative items were converted back so
that the item statement matches the mean (i.e., the
higher the number, the more adoption of surface
exam study).

For both items, students in the traditional exam
adopted noticeably higher levels of surface study
in their processing of information compared with
those in the online exams, including trying to
remember answers to likely questions as the best
way to pass the exam (1" = 4.35, P = 2.96, C = 3.15),
and learning by rote (T = 3.94, P = 2.89, C = 3.00).
Results suggest that students in the traditional

TABLE Il
ITEMS MEASURING SURFACE EXAM STUDY

(]

T

2

Item € c

] s a

i = o
| found the best way to pass the exam | T | 435|165
participated in is to try to remember P | 296 | 1.75
answers to likely questions.

C | 315 | 1.79
In studying for the exam, | learned mostof | T | 3.94 | 1.75
the things by rote, going over and over
them until | knew them by heart even if | P |28 177
did not understand them. C | 3.00| 1.86

: Traditional Exam;
: Collaborative Exam.

: Participatory Exam;
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exam had the highest adoption of surface exam
study strategy in their processing of information.

Social Engagement: Table IV provides the

results of the four items measuring the social
engagement factor. For all four items, students

in the collaborative online exam noticeably had
the highest level of social engagement, including
getting to know other students through the exam
process (T' = 3.45, P = 2.98, C = 4.49), perceiving
the exam as a group process (T = 2.73, P = 2.46,

C = 4.17), forming a learning community through
exam study (7' = 3.57, P = 3.84, C = 4.51), and
enhancing understanding of course materials by
interacting with other students (I" = 3.80, P = 3.81,
C = 4.46). Results suggest that students in the
collaborative exam had the highest adoption of
social engagement in exam study. Interestingly, it is
also noticeable that the level of social engagement in
the participatory exam was lower than or as low as
the traditional exam on most items. This suggests
that without the small group activities, the level of
social engagement in the online environment is as
low as or even lower than the traditional settings.

Perceived Learning: Table V provides the results for
the 12 items of the perceived learning construct.

In 10 out of the 12 items, students in the
collaborative exam reported the highest level of

TABLE IV
ITEMS MEASURING SOCIAL ENGAGEMENT

[
T
2
Item £ -
® g a
i = o
T | 345 | 1.93
| was able to get to know some students
better during the exam process. P | 298 | 189
C | 449 | 1.88
T | 273 | 2.00
The exam process was mainly a(n):
Individual (1) <->Group Experience (7) P | 246 | 184
C | 417 | 1.99
T | 357 | 1.94
The exam allowed me to form a kind of p| 384 | 106
learning community with other students. . :
C | 451 | 181
My understanding of course material was | T | 3.80 | 1.96
enhanced by interacting with other p| 381 | 196
students in the class through the exam . .
process. C | 446 | 1.96

: Traditional Exam;
: Collaborative Exam.

: Participatory Exam;

learning among the three exams. For the other two
items, perceptions of students in the participatory

TABLE V
ITEMS MEASURING PERCEIVED LEARNING

(]
T
2
Iltem £ -
© g a
i = 7]
My ability to judge the value of ideas T | 446|152
and assess the quality of arguments P | 478 | 1.29
has been improved through the exam.
C | 491|145
My ability to use methods, concepts, T 471153
and th.eorlgs | learned in .thIS course in P | 491 | 149
new situations has been improved
through the exam. C | 497|150
4.42 | 1.51
My skill to compare and discriminate T
between ideas has been improved P | 456|135
through the exam.
C | 468 | 145
- . T | 451 | 1.48
My ability to use course material to
make generalizations or predictions P | 466 | 1.31
has been improved through the exam.
C | 486 | 1.52
T | 464 | 1.62
| Iearr_1ed from answering the exam p | 537 | 127
questions.
C | 544 | 142
. . T | 477 | 1.54
My understanding of the meaning of
the course material was enhanced P | 479 | 1.54
through the exam.
C | 489 | 155
T | 418 | 1.58
| am better able to see different course
components and organize them in a P | 455 | 1.51
meaningful way through the exam.
C | 450 | 1.46
. T | 457 | 1.46
My skill to relate knowledge from
several areas to make my argument P | 484 | 141
has been improved through the exam.
C | 476 | 1.56
My ability to recognize patterns of T |4.09 (154
course material and.thelr underlying P | 403 | 149
meanings has remained the same as
before exam. ® C | 413 | 158
T | 457 | 1.75
My ability to solve problems using what
I learned in this course has NOT been P | 484 | 159
improved through the exam.®
C | 490 | 1.69
T | 438 | 1.86
| Iearr)ed from readlng the exam p | 464 | 156
questions posted online.
C | 477 | 1.46
. T | 475 1.83
My knowledge of major concepts,
methods, and theories has NOT been P | 518 | 1.70
improved through the exam.®
C | 524|176

: Traditional Exam; : Participatory Exam;
: Collaborative Exam. ®  reverse scored item.
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exam were the highest. For example, students in
the collaborative exam reported the highest level of
improvement in their knowledge of course concepts,
methods and theories, and in their understanding of
course materials. They also reported enhancement
in skills such as using knowledge in new situations,
solving problems, recognizing patterns, making
generalizations and predictions, comparing and
discriminating ideas, and making judgments and
assessments of the quality of ideas and arguments.
In addition, students in the collaborative exam
reported the highest level of learning in reading
exam questions posted online and in answering
exam guestions. Students in the participatory exam
reported the highest level of improvement in seeing
different course components and organizing them
in a meaningful way, and relating knowledge from
different academic areas. In 11 out of the 12 items,
students in the traditional exam reported the lowest
level of perceived learning among the three exams.

Hypothesis Testing To test the hypotheses, the
mean scores were calculated for all the factors. To
compare the differences among the three exam
modes, one-way ANOVA tests were conducted on
deep exam study and social engagement, which
were normally distributed. The Kruskal Wallis
test, which is the nonparametric equivalent of the
one-way ANOVA, was conducted on surface exam
study. The ANOVA results are shown in Table VI
and the Kruskal Wallis test results are shown in
Table VII, where the higher the mean rank, the
higher the score.

Significant differences were found among the three
exam modes in social engagement (p < 0.01) and

surface exam study (p < 0.01), but not in deep exam
study. Therefore, H1.1 and H1.2 are not supported.

TABLE VI
EXAM STUDY STRATEGIES (ANOVA TEST)

[<}]
3 2
9 € c =
2% ¢ § o 5 =
nwn w =z = (7)) TS n w
T | 139 | 451 | 147
?;}E P | 110 | 478 |1.00 | 220 |.112 01
Ow [ c [137 | 474 | 1.18
b T |139 |338 | 162
-
S8 P |10 | 327 | 145 | 2245 | .000 | .11
o c @
OwE|lc |136 |441 | 143
: Traditional Exam; : Participatory Exam,;

: Collaborative Exam

Post-hoc analysis reveals that in terms of social
engagement, students in the collaborative exam
were significantly more engaged than students

in the traditional (p < 0.01) and the participatory
exams (p < 0.01). The effect size (eta?) is weak
(0.11), but both H2.1 and H2.2 are supported

(p < 0.01). There is no post-hoc analysis for a
Kruskal Wallis test. Two separate Mann-Whitney U
tests were conducted to compare the differences
of surface exam study between the collaborative
exam and the traditional exam, and between the
collaborative exam and the participatory exam.
Results show that students in the collaborative
exam adopted significantly lower levels of surface
exam study than students in the traditional exam
(p < 0.01). Therefore, Hla.1 is supported (p < 0.01),
and Hla.2 is not supported.

To examine the relationship between students’
deep/surface learning predispositions and their
deep/surface exam study strategies, correlation
analysis using Pearson’s r was conducted on
deep exam study strategy. The Spearman’s rho
test was conducted on surface exam study. As
shown in Table VIII, learning predispositions were
significantly correlated with exam study strategies.
Therefore, H3 is supported (r = 0.55, p < 0.01), and
H3a is supported (Spearman's rho = 0.23, p < 0.01).

TABLE VII
EXAM STUDY STRATEGIES (KRUSKAL WALLIS TEST)

o X ) ]

g 3 < 5 £

S = & 3 S

e £ c 7 =

25 8 8 - )

non w =z = o 7
T 139 | 243.75

Surface ok

Exam P 110 | 159.55 | 45.02 .000

C 137 | 169.78

: Traditional Exam;
: Collaborative Exam.

: Participatory Exam;

TABLE VIII
DEEP/SURFACE STUDY AND LEARNING PREDISPOSITIONS
(CORRELATION)

Surface Exam @ Deep Exam
Pre-exam Surface D3 ~0.424%
Learning
Pre-e>_<am Deep 0161 549
Learning

“* Correlation is significant at the 0.01 level (2-tailed).
@ Spearman’s rho is used instead of Pearson’s in this
column.
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To examine the relationship between students’
pre-exam collaborative learning and their social
engagement in exam studying, a correlation
analysis using Pearson’s r was conducted. Results
show that the two variables were significantly
correlated (r = 0.43, p < 0.01). Therefore, H4 is
supported.

To test H5, deep learning predisposition as
measured by the pre-exam survey was first
categorized into low, medium, and high. The two
extreme categories were used and the medium
category was excluded from further analysis. A 2

x 2 factorial ANOVA test was then conducted to
compare the two exam modes and the two deep
learning predispositions. Tables IX and X show the
means and the significance test results in factorial
ANOVA. As shown in Fig. 3, the least deep-oriented
students had a slightly larger increase in the

level of deep exam study than those who were
most deep-oriented (i.e., the slope of the diamond
line is more steep than the square line). The
interaction effect is not significant. Therefore, H5
is not supported. Though there is no relationship
between exam mode and deep exam study, there is
a moderately strong positive relationship between

TABLE IX
DEEP EXAM STUDY (EXAM MODE PRE-EXAM DEEP LEARNING)

Pre-exam Learning

Disposition
£ Total
£ 5 LeastDeep- Most Deep-
XS oriented oriented
T 3.83 (.96) 5.29 (1.17) 4.47 (1.28)
C 4.11 (1.16) 5.32 (1.09) 4.75 (1.27)
Total 3.95 (1.05) 5.31(1.12) 4.60 (1.28)

: Traditional Exam;

FAcTORIAL ANOVA oF DATA FROM TABLE IX

TABLE X

: Collaborative Exam.

[
g ®
> ® i
o Source L2 -
>2 = 8
£ > £
nn w n o
Main Effect (E1Xg;“ Mode 800 | 373 | .005
D Pre-exam
Eeep Main Effect Deep 50.677 | .000 | 277
xam Learning
Interaction Exam Mode*
Effect Pre-Deep .536 465 .003

pre-examination learning disposition and deep
exam study, with an effect size of 0.277.

To test H6, collaborative learning predisposition

as measured by the pre-exam survey was first
categorized into low, medium, and high. The two
extreme categories were used, and a 2 x 2 factorial
ANOVA test was conducted. Tables Xl and XII
show the means and the significance test results
of factorial ANOVA tests. There is a moderately
strong relationship between collaborative learning
predisposition and social engagement, with an
effect size of 0.26. As shown in Fig. 4, the least
collaboratively oriented students had a greater
increase in the level of social engagement compared
to those who were most collaboratively oriented (i.e.,
the slope of the diamond line is more steep than
the square line). In addition, the difference in social
engagement between the two types of students
was smaller in the collaborative exam than the
traditional exam. However, the interaction effect is
not significant. Therefore, H6 is not supported.

Deep Exam Study

TN

%{

.

o

Estimated Marginal Means
W
1

Collaborative

Traditional

W Least Deep-oriented s Most Deep-oriented

Fig. 3. Effects of learning predisposition and exam
mode on deep exam study.

Table XI
SocIAL ENGAGEMENT (EXAM MODE PRE-ExXAM
COLLABORATIVE LEARNING)

Pre-exam Learning
Dispositions

Eg Least Most Total
R Collaboratively  Collaboratively
w= Oriented Oriented
T 2.44 (1.12) 4.46 (1.62) 3.42 (1.71)
c 3.53 (1.48) 4.77 (1.30) 4.16 (1.52)
Total 2.99 (1.42) 4.62 (1.46) 3.80 (1.65)

: Traditional Exam; : Collaborative Exam.
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To test hypotheses on student learning outcomes,
one-way ANOVA tests were conducted on perceived
learning and final exam/project grades. As
mentioned before, final exam or project grades
were collected and used as a measurement of
students’ actual learning in those courses where
the experiment was conducted as the midterm
exam and the final was a traditional exam. Final
examinations or projects are comprehensive,
covering the entire semester and not just the
portion after the midterm; thus they include what
was learned overall in the course. The ANOVA
results are shown in Table XIII.

Significant differences were found among the
three exam modes in perceived learning (p < 0.05),
although the effect size is negligible (0.02). Post-hoc
analysis reveals that students in the collaborative
exam reported significantly higher perceptions

of learning than those in the traditional exam

TABLE XII
FAcTORIAL ANOVA FOR DATA IN TABLE XI

[
2w
= Source 38 w
>0 £ ©
25 5 £
nn w 7] o
'\EAf?gét (E1X§;“ Mode 9.608 | .002 | .061
Social Main Pre-exam
Engage- Effect Collaborative 52.470 | .000 | .260
ment Learning
Interaction | Exam Mode *
Effect Pre-Collab 2960 | .087 | .019
Social Engagement
6
1]
ey
(]
[0}
=
©
£
2
©
=
o
2
@©
£
0
i

Collaborative

Traditional

m Least Collaborative-oriented « Most Collaborative-oriented

Fig. 4. Effects of learning predisposition and exam
mode on social engagement.

(p < 0.05). Therefore, H7.1 is supported, and H7.2
is not supported.

As shown in Table XIlIlI, students in the collaborative
exam achieved higher final exam/project grades
than students in the other two exam modes. Using
the final exam or project scores as the reflection

of actual learning suggests that students in the
collaborative online exam may have indeed learned
the most from the midterm exam compared with
the other two exams. However, the difference is not
significant. Therefore, H8 is not supported.

To test H9, deep learning as measured in the
post-exam survey was first categorized into low,
medium, and high. The two extreme categories
were used, and a 2 x 2 factorial ANOVA test was
conducted. Tables XIV and XV show the means
and the factorial ANOVA significance test results.
As shown in Fig. 5, the interaction effect is not
significant, even though the distance between the
two lines is slightly smaller in the collaborative
exam than the traditional exam. Therefore, H9 is
not supported. It is notable that the effect size for
the relationship between deep exam study strategy
and perceived learning is substantial (0.326).

To test H10, social engagement as measured in the
post-exam survey was first categorized into low,
medium, and high. The two extreme categories
were used and a 2 x 2 factorial ANOVA test was
conducted. Tables XVI and XVII show the means
and the factorial ANOVA significance test results.
There is a moderate effect size for the relationship
between social engagement and perceived learning,
but no other relationship is significant. Fig. 6
shows that the least socially engaged have a drop in

TABLE XIllII
LEARNING OUTCOMES (ANOVA TEST)

08 %
£E = =
§~§ § § o 5 %
a0 w =z = * Lo .
. T | 138 | 2178 | 1033
fee;g;rv]gs P | 109 | 2391 | 10.04 | 3.00 | .047 | .02
c | 133 ] 2478 1019
T | 129 | 78.41 | 16.38
fg;‘ii:ngb p 25 | 75.64 | 1323 | 1.03 | .359 | .01
c 74 | 81.42 | 2468

: Traditional Exam; : Participatory Exam;
: Collaborative Exam. “ transformed scale.
b final exam/project grade.
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perceived learning in the collaborative exam, while
the most socially engaged stay almost the same

in the two exams, but the interaction effect is not
significant. Therefore, H10 is not supported.

The results are summarized in Fig. 7, which is
the research model shown in Fig. 1 with the
results added. The numbers beside lines are

TABLE XIV
PERCEIVED LEARNING (EXAM MODE DEEP EXAM STUDY)

TABLE XV
FAcTORIAL ANOVA FOR DATA IN TABLE XIV

Fig. 5. Effects of deep exam study and exam mode on
perceived learning.

correlation coefficient Pearson’s  (indicated as r)
or Spearman'’s rho. Significant differences found
among the exams are highlighted with bold box
outlines. Note that the two new constructs are
added in the diagram, and the means for surface
exam study are used in the diagram because the
differences are significant.

TABLE XVI
PERCEIVED LEARNING (EXAM MODE ~ SOCIAL ENGAGEMENT)

: Traditional Exam; : Collaborative Exam.

TABLE XVII
FACTORIAL ANOVA FOR DATA IN TABLE XVI

= transformed scale.

Fig. 6. Effects of social engagement and exam mode
on perceived learning.
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