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Introduction: This study examined the effect of collaborative testing on student learning, attitude toward
testing, and course satisfaction at a chiropractic college. Methods: The study compared testing performance
between two cohorts of students taking an advanced neuroanatomy course: a control group (n D 78) and an
experimental group (n D 80). Scores examined for each cohort included sums of quizzes, examination scores,
and a comprehensive final examination. The control cohort completed weekly quizzes as individuals, while
the experimental cohort completed the quizzes collaboratively in small groups. Both cohorts completed three
unit examinations and the comprehensive final examination as individuals. Additionally, pretest–posttest and
delayed posttest scores were examined. Multivariate analysis of variance (MANOVA) and multivariate analysis
of covariance (MANCOVA) (including repeated measures MANCOVA) were used for statistical analysis. Results:
The experimental cohort scored significantly higher compared to the control cohort on all quizzes (F D 217.761;
df D 1,156; p < .05) and overall course grades (F D 16.099; df D 1,156; p < .05). There were no significant
differences in either the comprehensive final (posttest) (F D 3.138; df D 1,122; p > .05) or the delayed posttest
(taken 5 weeks after the end of the course) (F D 0.431; df D 1,122; p > .05) between the two cohorts. The overall
scores for both cohorts on the delayed posttest were significantly lower than the posttest scores (F D 4.660;
df D 1,122; p < .05). Conclusions: This project extends previous findings that students using collaborative testing
have significantly increased short-term course performance compared with those students using traditional
testing. No differences in learning or retention were noted. (J Chiropr Educ 2010;24(1):19–29)
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INTRODUCTION

The notion that social interaction and collabora-
tion increases cognitive development and learning
in students has been well documented in research
literature.1–3 It is also contended that a student’s
potential for cognitive growth is limited to what
he or she may be able to accomplish indepen-
dently; the synergy of collaboration allows students
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to surpass individual limitations.1,2 Through peer
collaboration, students build on each other’s knowl-
edge to develop new attitudes, cognitive skills, and
psychomotor skills beyond that which they previ-
ously possessed.4,5 Collaborative testing––an envi-
ronment where students work together in small
groups during summative assessments––has been
shown to have multiple positive impacts on student
achievement, including increased positive interde-
pendence, improved personal accountability, and
increased opportunities to learn the course material
with formative feedback.5–11

Peer collaboration may also increase problem-
solving, critical thinking, and higher reasoning skills
and abilities.1,5–10,12,13 Conversely, the traditional
individualistic paradigm may contribute to a compet-
itive environment that interferes with the learning
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process as a whole, especially the development of
cooperative skills.13–17 Collaborative testing may
also help students develop assertiveness and the
ability to discriminate among multiple options.
Reflective thinking may be strengthened through
collaboration since most students appear to learn
something new or reinforce their knowledge as a
result of this testing style.18

Collaborative settings may be superior for peer-
to-peer transfer of knowledge and previous studies
in chiropractic and nurse education programs have
reported greater overall student performance in the
collaborative testing groups, with the majority of
students indicating a preference for the collabora-
tive testing environment.18 Results from student atti-
tude surveys confirm that collaborative testers have
more positive attitudes toward the testing process in
general compared to students who take assessments
individually.11,19–21 It should be noted, however, that
when students are exposed to traditional teaching
methods but tested in a collaborative manner, they
may not perform as well on higher-level theory ques-
tions even if performance on lower-level concept
questions is improved.11,19

While researching the effects of collaborative
testing on test performance without prior collabo-
rative learning, Breedlove and colleagues reported
that the effects of collaborative testing were directly
related to the level of cognitive processing required
by the test question.8 In the absence of prior collabo-
rative learning, students reportedly performed better
on collaborative tests which incorporated lower-level
cognitive processing (ie, knowledge-recall questions
such as fill-in-the-blank or matching), while no
performance improvement was noted for higher-
order, theory-based questions (applications, infer-
ences, conclusions).8 Theory-based questions require
a higher level of thinking than information-recall
questions, and researchers have opined that collab-
orative testing without prior collaborative learning
may not facilitate higher levels of cognitive proces-
sing.8 However, collaborative learning effectiveness
appears to improve over time as students become
more familiar with the process.22 Therefore, collab-
orative testing may be more effective in longer
courses or as a standard assessment strategy across
a curriculum.

Other studies that examined group dynamics
during collaborative testing have reported that group
testing appeared to foster deductive reasoning and
critical thinking.12,23 However, Castor found that
students reportedly did not like the challenge of

completing short-answer (ie, higher cognitive) ques-
tions collaboratively, because they found it difficult
to reach consensus.22 Furthermore, when students
engaged in discussion over the short-answer ques-
tions, the benefits of the group discussions did
not always correlate with the written test answers
(students may have benefited from the discussion in
the long run but still may have answered the ques-
tion incorrectly). Students also reported the belief
that concept (ie, lower cognitive) questions did not
enhance their critical thinking skills, because they
were often able to reach consensus quickly, or
simply resorted to majority rule barring significant
disagreement.23

Predictably, collaborative testing has been
reported to have value in the reduction of test
anxiety.5,6,8,11,14,15,18,19,24–27 While some degree of
angst may be valuable in preparing for a test, the test
should not become an anxiety-driven event. Higher
levels of anxiety may interfere with optimal learning
(and consequently lower grades), which may lead to
negative emotional and physical consequences.14,28

A decreased ability to recall learned material has also
been associated with increased levels of anxiety.8

Collaborative testing may be used to change the
testing environment, thereby significantly reducing
test anxiety. A study examining introductory psycho-
logy students involved in collaborative testing
reported less anxiety among students both while
studying and during testing, increased practice in
negotiating differences of opinion, knowledge
sharing, and overall enhanced learning.15 Ultimately,
this decreased anxiety may lead to more accurate
assessments of students.23

As previously noted, collaborative testing has also
been noted for its value as an educational method
of enhancing critical thinking skills and developing
a higher-level knowledge of material.1,5–10,12–14,18

The collaborative environment encourages students
to become active learners and may positively
impact students’ attitudes regarding the clarity
and importance of course material as well as
enhance critical thinking skills and depth of
understanding.5,6,14,15,18,29 Peer collaboration may
also play a role in reducing the competitive nature of
testing (and the educational experience as a whole)
as well as serve as a conduit to improve interpersonal
skills and critical thinking.5,29,30

Testing collaboratively apparently benefits both
high- and low-performing students. Giuliodori and
colleagues studied team testing versus individual
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testing among students taking a veterinary phys-
iology course.21 The study was designed so that
students completed exams individually first, then
immediately paired with another classmate to answer
the same questions. Using individual test scores,
students were sorted into “high performing” or “low
performing” categories. As anticipated, group test
scores were significantly higher than individual test
scores. The collaborative testing effect was partic-
ularly large for the overall population and the low
performers, but was conversely small for the high
performers.21 The study also evaluated student satis-
faction with testing format and found that a majority
of students favored the collaborative format. Overall,
the researchers concluded that the collaborative
testing paradigm benefits all students and is particu-
larly beneficial for lower-performing students.

In addition to its value as a teaching and assess-
ment method, collaborative testing appears to
improve the learner’s understanding of the course
material due in part to the immediate formative feed-
back and peer-to-peer instruction inherent in the
collaborative process.3,5,6,14,18,29–31 Also, although
scant research has been done in the area to date,
studies have shown a positive correlation between
collaborative testing and improved student reten-
tion of course material. Researchers at East Carolina
University and Wayne State University studied the
effects of collaborative testing on material retention
among students enrolled in an exercise physiology
class.31 The research was prompted by previous
studies that indicated student retention of course
material is short-lived.32 Results of their study
confirmed previous reports that student retention
of course material is short-lived in general, but
retention appears to be significantly increased when
collaborative testing is applied. Similarly, other
researchers have evaluated collaborative testing
among nursing students. In these studies, both short-
and long-term material retention was improved
among students who completed assessments
collaboratively.14,20

Conversely, researchers at the University of
Northern Colorado studied the effects of collabo-
rative testing on material retention among students
enrolled in undergraduate psychology courses.33

Although students reported satisfaction with the
collaborative model, and course performance was
improved as a result of participating in group
testing, retention was neither significantly improved
nor significantly decreased among collaborative
participants. In a similar study among nursing

students, Lusk and Conklin also found no signifi-
cant increase in material retention among students
who completed assessments collaboratively.5 These
studies suggest that the benefits of collaborative
testing may outweigh the concerns that collaborative
testing hampers learning, is “cheating,” or is not a
good strategy for student learning.

Although most studies reviewed overwhelmingly
applaud the benefits of collaborative learning in
general, and collaborative testing in specific, there
are notable issues to be considered. Some studies
have reported student concern that unprepared peers
may be able to earn undeservedly higher exam
scores.26 Other disadvantages cited by students
include second-guessing oneself, dysfunctional or
weak groups, and the possibility of arguments
escalating when group consensus cannot be
achieved.34

The relative lack of conclusive research in the area
suggests opportunity for further study. The current
study examines student learning on course-based
assessments and postcourse follow-up examinations
comparing two cohorts taught with the same mate-
rials and methods but assessed differently. The study
also investigates student attitudes and satisfaction of
the two cohorts.

METHODS

Approved by the institutional review board
of Palmer College of Chiropractic, this project
used a nonequivalent control group design with
two cohorts (cohort one, “experimental,” n D 80,
enrolled January 2008 to March 2008; and cohort
two, “control,” n D 78, enrolled April 2008 to June
2008).35 The Doctor of Chiropractic Program (DCP)
in-program precourse grade point averages (GPAs)
were compared to examine homogeneity between
the cohorts. Before the course, a 70-question pretest
was administered to all students individually (points
were not part of the course point total). Five
weeks after the end of the course, a delayed
posttest was administered individually to students
in both cohorts. The delayed posttest content was
identical to both the pretest and comprehensive final
examination, but points were not part of the course
point total. Students met for 6 hours of lecture per
week (60 hours total) during a 10-week academic
term. The instructor, lecture format, and material
were identical for each cohort. Quiz and examination
questions focused on the same content for the
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two cohorts, with minor modification in either the
stem or the distracters. Course grades were derived
from a combination of assessments: six weekly
quizzes (15 points each, 34% of total points), three
unit examinations (45 points each, 40% of total
points), and a comprehensive final examination (70
points, 26% of total points). The scores from the
assessments (both quizzes and unit examinations),
the mean of the sums of the quiz scores, the
mean of the sums of the examination scores,
and the comprehensive final examination were
compared for the two groups to examine overall
differences in cohort performance. The prefinal
point totals, comprehensive final exam point totals,
and final course grades of the two cohorts were
also compared. Multivariate analysis of variance
(MANOVA) was used for statistical comparison of
the cohorts (except the final examination scores)
using SPSS version 17.0 (SPSS Inc, Chicago, IL).
The comprehensive final examination and delayed
posttest scores of the two cohorts were compared
using repeated measures multivariate analysis of
covariance (MANCOVA) with pretest scores as the
covariate.35,36 Additionally, the mean of the sums
of quizzes, the mean of the sum of exams, and
the prefinal point totals of the two cohorts were
compared.

The students in the control cohort completed
the weekly quizzes as individuals, while the
experimental cohort was randomly assigned into
groups of three each week to complete the quizzes
collaboratively. Research Randomizer was used for
the student group randomizations.37 Randomizations
were made prior to distributing the weekly quizzes
with students not aware of their group assignments
until the time of the quiz.38 Both cohorts were
allotted 40 minutes for each quiz. Though allowed
to discuss the quiz questions and answers in
their groups, each student returned an individual
answer form. Both cohorts completed the three
unit examinations and the comprehensive final
examination as individuals. After the administration
of the third unit exam, a survey of student
attitudes regarding the specific testing method was
administered to all students in each cohort. The
survey was scored using a 4-point Likert scale
(Strongly Agree D 4, Agree D 3, Disagree D 2,
Strongly Disagree D 1). MANOVA was used for
statistical comparison of the cohort’s survey scores.
Due to the nature of anonymous surveys, in-program
precourse GPA could not be used as a covariate in
the analysis of the survey data.

RESULTS

The DCP in-program precourse GPA of the two
cohorts did not differ significantly (control mean D
3.29, SD D 0.454; experimental mean D 3.25, SD D
0.489) (F D 0.261; df D 1,155; p > .05). Overall,
the experimental cohort differed from the control
cohort (Wilks’ lambda D 0.196; F D 56.573; df D
10,138; p < .01) based on the in-class assessments
(Table 1). All quizzes were significantly higher for
the experimental group at p < .05. Although unit
examination one did not differ between the two
cohorts (F D 2.220; df D 1,145; p > .05), the
control cohort scored significantly higher on both
unit examinations two and three (F D 8.8441,
df D 1,147; p < .01 and F D 19.164; df D 1,147;
p < .01, respectively) (Table 1).

The reliability indices (Cronbach’s alpha) ranged
between 0.81 and 0.85 for the pretest, the compre-
hensive final exam, and the delayed posttest for both
cohorts. No significant difference was noted between
the experimental group and the control group for the
pretest scores (F D 2.459; df D 1,156; p > .05), the
final examination scores (F D 3.138; df D 1,122;
p > .05), or the delayed posttest scores (F D 0.431;
df D 1,122; p > .05) (Table 2). For both cohorts,
overall scores for the comprehensive final were
higher than the delayed posttest (F D 4.660; df D
1,122; p < .05).

In general, the two cohorts differed in their self-
reported attitudes (Wilk’s lambda 0.579; F D 6.862;
df D 9,85; p < .01) with the experimental group
reporting a more positive attitude (F D 18.884; df
D 1,93; p < .01) (Table 3). However, on survey
item 8, the control cohort reported greater perceived
preassessment preparation compared to the experi-
mental cohort (control mean D 3.52; SD D 0.77;
experimental mean D 2.84; SD D 0.81; F D 15.800;
df D 1,93; p < .01). Likewise, survey items 5 and 9
did not differ between the cohorts (F D 3.552; df D
1,93; p > .05; and F D 3.366; df D 1,93; p > .05,
respectively) (Table 3).

DISCUSSION

Student Performance

This project examined the effect of collaborative
testing on student performance, retention of course
material, and attitudes and satisfaction related to the
course testing paradigm (collaborative versus solo).
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Table 1. MANCOVA results for grades in an advanced neuroanatomy course

Dependent
Variable

Control
Mean
(SD)

Experimental
Mean
(SD)

F
Statistic

Degrees of
Freedom Significance

Quiz 1 9.92 12.84 59.241 1,141 .000
(2.48) (1.808)

Quiz 2 10.68 13.70 114.837 1,141 .000
(1.805) (1.588)

Quiz 3 10.50 13.54 64.987 1,141 .000
(2.813) (1.211)

Quiz 4 10.36 14.00 161.945 1,141 .000
(2.006) (1.201)

Quiz 5 10.99 13.61 92.054 1,141 .000
(1.933) (1.392)

Quiz 6 13.01 14.98 91.557 1,141 .000
(1.651) (0.157)

Exam 1 28.78 27.76 2.334 1,141 .129
(5.903) (4.863)

Exam 2 32.49 30.14 8.451 1,141 .004
(5.111) (4.597)

Exam 3 40.51 38.90 22.155 1,141 .000
(2.167) (2.840)

Sum of quizzes 64.12 82.33 217.761 1,156 .000
10.130 4.328

Sum of exams 102.03 96.84 10.098 1,156 .000
10.367 10.155

Prefinal point total 166.14 179.16 27.839 1,156 .000
(18.797) (11.428)

Final point total 223.91 237.37 16.099 1,156 .000
(23.904) (17.903)

Final grade (percent) 0.845 0.900 16.099 1,156 .000
(0.090) (0.068)

Precourse in-program GPA used as covariate (Wilks’ lambda D 0.196; F D 56.573; df D 10,138; p < .01). Final
summative (posttest) scores are found in Table 2.

Table 2. MANCOVA results for posttest and delayed posttest scores using pretest scores as
the covariate

Dependent
Variable

Control Mean
(SD)

Experimental
Mean
(SD)

F
Statistic

Degrees of
Freedom Significance

Pretest 20.55 19.06 2.459 1,156 .119
(5.58) (6.33)

Posttest 57.77 58.94 3.138 1,122 .079
(10.74) (10.79)

Delayed posttest (5 weeks) 51.72 50.49 0.431 1,122 .513
(8.31) (7.83)

Posttest scores were significantly higher than the delayed posttest scores (F D 4.660; df D 1,122; p < .05). No
significant differences were noted between the control and experimental groups on both the posttest and the delayed
posttest.
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Table 3. Survey items examining student attitudes related to collaborative testing (experimental
group) as compared to individualistic testing (control group)

Survey Item

Experimental
Group Mean

(SD)

Control
Group Mean

(SD) F statistic
Degrees of
Freedom p Value

1. The written exams were 3.42 2.72 27.795 1,93 .000
based on class presentations (0.587) (0.696)
and/or reading assignments.
2. The written tests were fair. 3.21 2.54 23.432 1,93 .000

(0.600) (0.719)
3. The written administration helped 3.33 2.31 34.095 1,93 .000
to reduce test stress/anxiety. (0.837) (0.836)
4. The results of the written 3.00 2.47 9.500 1,93 .003
tests reflect my knowledge (0.816) (0.959)
of the subject matter.
5. There was sufficient time for 3.77 3.60 3.552 1,93 .063
completion of the written exams. (0.427) (0.528)
6. The written tests increased 3.37 2.98 6.984 1,93 .010
my critical thinking skills. (0.655) (0.656)
7. The written tests increased 2.98 2.28 16.304 1,93 .000
my confidence in my judgments. (0.859) (0.840)
8. I studied harder than I normally 2.84 3.53 15.800 1,93 .000
would for the written tests. (0.814) (0.774)
9. I was exposed to new 3.28 3.02 3.366 1,93 .070
ideas concerning topic matter (0.630) (0.805)
as a result of the test.
Overall Survey 29.19 24.95 18.602 1,93 .000

(4.311) (4.372)

Wilk’s lambda D 0.579; F D 6.862; df D 9,85; p < .001. The survey was scored using a Likert-type scale (Strongly Agree
D 4, Agree D 3, Disagree D 2, Strongly Disagree D 1).

As reported in the authors’ previous studies,
quiz scores for the collaborative cohort were
again substantially higher than those for the solo
cohort.9,10 Although the authors previously posited
that collaborative testing may better prepare students
to complete unit examinations as individuals, results
of this study do not concur.9,10 Paradoxically,
the control cohort of the current project scored
significantly higher on the second and third unit
examinations. The significant increases in the control
cohort examination performance may indicate a
reverse Hawthorne effect.39 The Hawthorne effect
describes increased task performance based on
perceived environmental change: in this case, a
situation in which an experimental group is aware
of their status and, as a result, strives for greater
performance. A reverse Hawthorne effect is a
situation in which the control group changes their
behavior based on their status as a control group.
This confounding factor is rooted in the assumption
that because the control group may “know” they are

the control group in a study, they may try harder,
perhaps out of mere rivalry, to achieve similar or
greater results than the experimental group.40,41 In
the current project, the control group may have been
aware of the primary author’s previous research in
collaborative testing. Not only was there a significant
difference in student’s opinion of test preparation
(item 8: F D 15.800; df D 1,93; p < .01), but the
control group reported a greater amount of study
(Table 2). It may be inferred the control group
worked harder to raise (or maintain) their grades.40,41

The experimental cohort had significantly more
points prior to the final examination (74% of the
course total points) (F D 21.040; df D 1,141;
p < .01), resulting in overall course grades of
the experimental group that were significantly
higher (Table 1). However, there was no difference
between the two cohorts on the final exam (F D
0.706; df D 1,145; p > .05). Previous studies
have shown similar results relative to quiz scores
without significant differences in final examination
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scores.9,10,41,42 Both Giraud and Meseke and
associates reported the final examination did not
significantly differ between the experimental and
control cohorts.9,10,42 These inconsistent significant
differences between the two cohorts regarding the
quizzes and the unit examinations relative to the
subsequent final examination may be related to
the length of the final examination, higher stress
level for the perceived difficulty of a “final,” total
course points prior to final examination, or length
of the academic term.10,11 Researchers have also
opined that as students’ overall scores increased
during the term based on the collaborative testing,
there may have been a tendency for students in the
collaborative testing groups to prepare less for the
final and study for other courses instead.10,42

In this project, the cohorts were members of
two separate classrooms, as similar as availability
permitted. Due to this nonequivalent design, the
groups could not be assumed to be demographically
equivalent and MANCOVA was used for analysis
of the pretest/final exam/delayed posttest data.35,36

Precourse GPA was used as a covariate for anal-
ysis of all course assessments, with the exception of
the final examination scores. The final examination
scores were compared between the two cohorts using
pretest scores as the covariate.35,36 Lack of signif-
icant differences between the two cohorts in both
precourse GPAs and pretest scores controlled for the
occurrence of unwanted regression effects.35,43

The second threat to internal validity is referred
to as selection maturation. The higher grades on
the quizzes for the experimental cohort may be
explained as a type of growth process occurring
primarily in the experimental group.35,36 While both
cohorts participated in the same assessments, cogni-
tive development may have occurred at a greater rate
in the experimental cohort due in part to the collab-
orative experience. Nowak and colleagues reported
that team testing effectiveness increased over time
as group members matured in the collaborative
process.44 It has also been reported that a learning
curve for collaborative testing may exist such that
an instructor may be required to instruct students
in the function of collaborative testing.22 In the
present study, this question of the learning curve was
addressed by exposing the experimental cohort to the
process of collaborative testing in the prior academic
term. While a maturation process (learning curve)
may have occurred in students within the experi-
mental cohort leading to increased quiz scores, this
in no way should be considered an actual threat

to internal validity.9,10,22,44 It is logical to assume
that the performance of the experimental group on
the collaborative quizzes and overall grades may be
due in part to a change in the student’s learning
process, even in light of the nonsignificant differ-
ences between the experimental and control cohort’s
overall course performance (grade). Because both
the final examination and delayed posttest scores
were significantly higher compared to the pretest
scores overall, it may be assumed that student
learning has occurred. The fact that the experimental
cohort scores on both the comprehensive final and
the delayed posttest were not significantly lower than
those of the control cohort indicates the value of
this interactive assessment technique.10,44 Although
learning may be an elusive concept to quantify,
several aspects of learning may be examined based
on the pretest, the comprehensive final exam, and the
delayed post-test. When compared to the pretest, the
control and experimental groups showed an increase
in the posttest scores of 281% and 309%, respec-
tively (Table 2). There was a 251% increase in
knowledge in the control group and 264% in the
experimental group when the delayed posttest scores
were compared to the pretest.

Knowledge Retention

Although it may be argued that giving the same
pretest, final examination, and delayed posttest may
lead to “memorizing the test,” a legitimate coun-
terpoint is that memorization is part of Bloom’s
taxonomy (knowledge) and memorization is a
legitimate mode of learning.13,45 Most assessment
items in this course were written in terms of the
“knowledge” or “comprehension” levels of Bloom’s
taxonomy. Higher-level questions often can be used
as learning tools in themselves. For instance, if
students are challenged to analyze information rather
than merely memorizing it, there may be greater
retention of information.46 It is the potential of
collaborative testing to improve critical thinking that
is most promising.

The delayed posttest scores of both the
collaborative and control groups were significantly
lower than the respective comprehensive final exam
scores (Table 2). As with the comprehensive final
exam scores, the delayed posttest scores did not
differ between the two cohorts. Even 5 weeks after
the course’s conclusion, knowledge loss based on
the delayed posttest and the comprehensive final
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scores for the control and experimental cohorts
was only 10.47% and 14.34%, respectively. The
problem of knowledge loss (knowledge decrement)
in health science students has previously been
documented.1,47–52 However, there are scant data
regarding the effects of collaborative testing. As in
the current study, Tucker reported no difference in
retention of course material among nursing students
in a collaborative paradigm, whereas Cortright
reports significant improvement in retention.30,48 It is
currently unknown what effect collaborative testing
has on long-term retention in the chiropractic setting
or how changes in retention translate to performance
on licensing exams.

Student Satisfaction

When student comments on the survey were
examined several themes became apparent. Students
who participated in collaborative testing were
largely positive about the experience. Several of
the comments from the survey reflect the use of
collaborative testing as an active learning tool.
Comments such as “Excellent tool. Effective for
me as a ‘multiple exposure’ to the material,” “I
learned many key points from others during the
tests,” “I enjoyed the group quizzes because you
could talk through questions and it was a good
learning experience,” and ‘‘The group quizzes were
great because you would teach each other, and I
would always take notes while going through the
questions.” During the quizzes the authors noted
a great deal of peer-to-peer teaching within the
collaborative group structure. This may represent
an additional aspect of involvement of the student
toward learning even during the test.53 It is
apparent from these comments that the students
of the experimental cohort felt the collaborative
experience to be a positive one that helped increase
their learning and understanding of the course
material. These student comments directly relate
to survey item six (“the written tests increased
my critical thinking skills”) (experimental mean D
3.37, SD D 0.655; control mean D 2.98, SD D
0.656; F D 6.984; df D 1,93; p D .01). Several
comments from the experimental group noted
the value of discussion/debate in the learning
process. These comments echo Vygotsky’s concept
of the zone of proximal development.1,2 Full
cognitive development requires social interaction
which, in students, leads to increased learning and
accomplishment.1,2

It has previously been noted that some individuals
tend to reduce their personal input in collaborative
efforts while reaping the benefits of the group inter-
action, a phenomenon known as “social loafing,”
“free-riding,” or “freeloading.”43,54,55 Although this
behavior may be seen as detrimental to the group
dynamic and counter to the collaborative paradigm,
it may be advantageous to the low-achieving student
(ie, receive input from others without reciprocating).
It has been speculated, however, that the parasitic
student, without full participation, may not learn
as deeply as participatory members.17,56 Interest-
ingly, this arrangement is not thought to be detri-
mental to high-achieving students, because they
will nonetheless benefit from the discussion and
group feedback.17,21,27,54 The issue of “freeloading”
is thought not to be problematic in smaller-sized
groups (three to four persons) as in the present
study.55 While students in the collaborative groups
may become dependent on others’ preparation for
the assessment (ie, “freeload”), most comments from
the experimental group state a level of peer pressure
that promoted studying and participation. Student
comments such as, ‘‘Studied so that I wouldn’t look
dumb,” “Because we took group quizzes I wanted
to be prepared to participate and therefore studied
a bit more regularly than I do for other subjects,”
and ‘‘They require you to study the material more
consistently, so putting studying off is really not
an option.” Only one comment from the experi-
mental cohort refers to freeloaders: ‘‘Weekly testing
concept––itself––very good due to being “forced” to
keep-up with lecture content. Great idea––but felt at
times––not all group members participated and were
helped by given correct answers when they would
have normally failed a quiz as such.” Although
the group may have received little input from a
freeloading member, it cannot be stated that the
freeloader only benefited from the quiz answers; they
may have also learned from the other members. It
is interesting to note that on all quizzes the experi-
mental group not only scored higher than the control
group, but they also had small standard deviations as
compared to the control group. This was also shown
in previous reports by Meseke and associates.9,10

This may be related to the group process in which
the students tend to be more homogenous in thought,
whereas the control group showed more variation
owing to the heterogeneity of the cohort. This also
may be related to the issue of weak students working
with stronger students on the assessments. Because
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the mean quiz grades were higher for the exper-
imental group, it may indicate that the stronger
students bolstered the weaker students without harm
to themselves. This aspect of variance of the means
between the cohorts suggests further consideration.
The concepts of positive interdependence and indi-
vidual accountability that are reflected in these state-
ments may also indicate that the students may not
have wanted to let their group down or be perceived
as unprepared for the assessments.

Test Anxiety

As previously mentioned, researchers have noted
collaborative testing may be a valid tool addressing
the problem of test anxiety.5,6,8,11,14,15,18,19,24–27 As
in the aforementioned studies, the experimental
cohort of the current project differed from the
control cohort. In fact, the collaborative testing
group reported a decrease in test anxiety.11,19 But
test anxiety may be also related to the previously
described reverse Hawthorne effect. It is possible
that members of the control cohort felt additional
anxiety related to their performance during the
assessments and the proceeding study periods. Yet
others have reported that there may be no difference
in levels of test anxiety between students involved
in collaborative testing and solo testing.16,57 Based
on these data, it may only be stated that test anxiety
is not increased within the collaborative paradigm.

Based on the positive comments of the exper-
imental group, it is interesting to note that the
control cohort differed significantly from the exper-
imental group on survey item 8 (I studied harder
than I normally would for written exams) (experi-
mental mean D 2.84, SD D 0.814; control mean D
3.53, SD D 0.774; F D 15.80; df D 1,93; p < .01).
As previously suggested, this difference may be
related to a reverse Hawthorne effect. Alternately,
students who knew they would be in a collabora-
tive group, where they would have the opportunity
to discuss and teach each other, may have chosen
to focus their studies on other courses. However,
the student survey comments from the experimental
cohort do not seem to support this hypothesis.
Further, the current study indicates that students
from the experimental group studied no less than
their control group peers.11 In addition, previous
studies by Bovee and associates noted that there
were no significant differences in the amount of
assessment preparation between solo-testing students
compared with those participating in collaborative

testing.11,19 Future studies may include an anal-
ysis of student assessment preparation, perhaps by
total hours studied and by type of studying (solo,
groups, etc.).

In contrast, students who took the quizzes as
individuals had relatively negative remarks, many
with a common theme of exam content. Student
comments such as, “I think you should test us more
on what you tell us in class,” “The test material was
sometimes not covered in the notes,” “Test material
should be presented in class and should be presented
earlier (ie, allowing more time to study the mate-
rial,” and “Tests did not reflect material taught in
class.” The common theme to these comments is
based on survey items 1 and 2, in both of which
the experimental cohort expressed more positive atti-
tudes as compared to the control cohort (survey item
1: F D 27.795; df D 1,93; p < .01; and survey
item 2: F D 23.432; df D 1,93; p < .01) (Table 3).
Further, the experimental cohort found the assess-
ment items to be more representative of the studied
course material (survey item 1: F D 27.795; df D
1,93, p < .001; and survey item 4: F D 9.500;
df D 1,93; p < .01) Of note, although both cohorts
took identical exams (minor alterations in either the
stem or distracters), only the control cohort viewed
the examinations negatively. Meseke and associates
previously reported an attitude of “unfairness” from
students involved with solo testing compared to
the students involved in collaborative testing.11 The
students in that project did not refer to perceived
differences in testing difficulty. The attitude survey
data combined with the assessment data may illus-
trate a potential relationship between educational
process, student performance, and satisfaction.

Although there were no significant differences in
precourse GPA, when GPA was used as a covariate
in MANCOVA, the experimental group nonetheless
scored significantly higher on the quizzes and final
course grades. Additionally, by examining the satis-
faction survey results, it may be argued that the
collaborative process might lead to higher perfor-
mance, and in turn, to greater satisfaction. Alter-
nately, it may be argued that in light of no signifi-
cant differences in the final examination scores, the
collaborative process did not impact student perfor-
mance, but rather the higher attitude survey scores
of the experimental group may be related to simply
having a different course assessment style. In a
previous project, Meseke and associates reported
that although precourse GPA did not differ between
control and experimental groups, the experimental
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group scored significantly higher on quizzes and
unit examinations.9,10 In either possibility, there is
an increase in student satisfaction that may lead
to an improved classroom dynamic, supporting an
improved educational environment.

Although the comprehensive final exam and the
delayed posttest scores did not significantly differ,
the experimental cohort nonetheless had significantly
higher grades and reported an increased positive
attitude as compared to the control group. While
it is difficult to quantify learning, collaborative
testing does seem to improve the classroom envi-
ronment and encourage collegiality among students
in addition to improving student course perfor-
mance. Statistically significant differences between
the pretest and the comprehensive final exam scores,
as well as between the pretest and the delayed
posttest, do appear to indicate that learning has
occurred and that students in the experimental group
learned just as much as their control group
counterparts.

CONCLUSION

This study in the chiropractic environment
extends previous reports related to collaborative
testing and learning. While students involved in
collaborative testing achieved significantly higher
grades as compared to peers involved in solo testing,
no significant differences were noted between
the cohorts on either the comprehensive final
examination or the delayed posttest. Results from
survey items indicate that students involved with
collaborative testing studied no more than they
would have normally and convey higher satisfaction
with the content of the assessment items. Students
involved in collaborative testing show increased
overall course performance, better testing attitudes,
and equal learning (ie, less grade variance on
the quizzes and significant differences between
the pretests and the posttests) as compared to
students involved in traditional solo testing. Future
studies may consider an analysis of assessment item
depth (ie, Bloom’s taxonomy) and assessment item
reliability as well as investigate issues of knowledge
loss, long-term learning, and student satisfaction.
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