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Comparison of chiropractic student scores before and after utilizing active
learning techniques in a classroom setting
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Objective: We report the differences in final examination scores achieved by students at the culmination of two

different teaching strategies in an introductory skills course.

Methods: Multiple choice examination scores from six consecutive academic calendar sessions over 18 months (n =
503) were compared. Two groups were used: Cohort A (n=290) represented students who were enrolled in the course 3
consecutive academic sessions before an instructional change and Cohort B (n = 213) included students who were
enrolled in 3 consecutive academic sessions following the instructional change, which included a more active learning
format. Statistical analyses used were 2-tailed independent ¢-test, one-way ANOVA, Tukey’s honestly significant

difference (HSD), and effect size.

Results: The 2-tailed independent -test revealed a significant difference between the two groups (t =—3.71, p < .001;
95% confidence interval [CI] 1.29—4.20). Significant difference was found in the highest performing subgroup compared
to the lowest performing subgroup in Cohort A (F=3.343, p =.037). For Cohort A subgroups 1 and 2, Tukey’s HSD
was p < .028. In Cohort B, no difference was found among subgroups (F=1.912, p =.150, HSD p > .105).
Conclusion: Compared to previous versions of the same course taught by the same instructor, the students in the new
course design performed better, suggesting that using active learning techniques helps improve student achievement.
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INTRODUCTION

Instructors often face two distinct challenges in the
classroom: the constant effort to improve teaching and
improving student learning. There is clear research
evidence that best practices in higher education involve
active and collaborative instructional strategies.'> These
practices have a solid foundation in learning theory, and
are more effective than traditional lecture and discussion
across most, if not all, dimensions of student learning. Well
known among the many authors who have summarized the
best practices in higher education are Pascarella and
Terenzini,! Kuh et al.,> and Fairweather.® Fairweather
states,

“Improvement of teaching may be judged by the degree of
fit between what instructors do in the classroom with
instructional approaches found in the literature to improve
student learning rather than on a direct assessment of

student learning outcomes.”

In the current educational literature, several definitions
of active and collaborative learning are found. Meyers and
Jones described active learning as techniques that increase
student engagement with material, and are aligned with
student learning outcomes.* Meyer and Jones posit that
active learning is a theory that derives from two basic
assumptions: that learning is an active endeavor and that
people learn in a variety of ways.* Others have defined that
active learning occurs when students are engaged in more
activities than just listening, and are involved in dialog,
debate, writing, and problem solving, as well as higher-
order thinking.® Small group work, as described by
McKeachie, may consist of presentations and debates,
journaling, role playing, learning games, filed experiences,
case studies, class discussions, and simulations.®

According to Fairweather, instructors often seek to
improve from an 80% to a 95% course level of
instructional efficiency when making changes to instruc-
tional methods.> However, determining if there are
increases in student learning that result from adopting a
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learner centered paradigm as an instructional reform is
quite challenging.””

At our institution, faculty members are encouraged to
foster meaningful student-faculty interactions using a
variety of active and collaborative learning methods
discussed in detail by several investigators.'''°'* Faculty
development and training in these techniques are the
foundation of the university’s quality enhancement plan.
Expectations for student performance are to be commu-
nicated plainly and set at attainable levels. Once active
learning techniques are developed and implemented in
courses, it also is expected that faculty members will assess
how the change in teaching has affected student learning,
using formative and summative assessments.

Accordingly, this study describes a reformation of
teaching to the “unfolding case” and reports the findings
of a retrospective appraisal of student learning outcomes
using final examination scores of students in a clinical
course.

METHODS

The study was approved by the Life University
institutional review board for human subjects. Students
who were enrolled in a chiropractic clinical skills course
from six consecutive academic calendar sessions over 18
months (n = 503) were identified. Cohort A (n = 290) were
enrolled in the course three consecutive academic sessions
before an instructional change (subgroups 1-3), while
Cohort B (n = 213) were enrolled in three consecutive
academic sessions following the instructional change
(subgroups 3-6).

This course is a required course in the program and is
offered at the end of the second year just before students
enter internship. The learning environment was a moderate
size lecture hall with class sizes ranging from 50 to 130
students. The course met weekly for a two-hour lecture
and four hours of lab.

The original course instruction consisted of:

1. Weekly homework of individual reading assignments
with specific questions to be completed in preparation
for “lecture” each week.

2. In the classroom, students were required to complete a
“prelecture” individual readiness assessment test
(IRAT), in multiple choice and True/False format.

3. Following the iRAT, the instructor lectured to the class
using a PowerPoint (Microsoft Corp, Redmond, WA)-
based presentation on the reading assignments.

At the midpoint of these six consecutive academic
sessions, there were three course modifications made as the
instructional reform:

1. The entire preparatory lecture-based presentations
were modified with a recorded Voice Over PowerPoint
(VOP) using Camtasia Studio (TechSmith Corp,
Okemos, MI) and placed on Blackboard (Blackboard
Inc, Washington, DC), the online course management
system. The students were assigned to view the VOP in
addition to their reading assignments/question sets in

preparation for class. The VOP required 15 to 30
minutes of student study time outside of structured
class time, intended as a review of the required reading
material.

2. The iRATS also were modified to test information from
the VOP as well as the reading assignments.

3. Most importantly, the third modification was providing
an opportunity for active learning in the classroom
through case-based group activity.

Since the instructor no longer provided PowerPoint
lecture in the classroom, more class time to focus on active
learning through case-based methods was made available.
Students were instructed to form groups for graded and
nongraded case-based activities. The groups were given
case scenarios in which the students were to identify either
all key clinical components in an “unfolding” process
(described below) or simply identify several of the specific
steps in a “mini” case vignette.

The workload for the students in the new course design
did not increase significantly after adding the VOP
preparation, since the VOP were intended for review
and reinforcement of the reading assignments. The
laboratory portion of the course was unchanged; the
focused instructional change was adding active learning
strategies to the lecture setting, as the laboratory
environment already is student centered active learning
activities.

For the “unfolding” case process, students were given
the facts of the case in a series of steps and a specific
amount of time to complete the group work, and then the
instructor facilitated discussion with students reporting
their findings.

The assessment of student learning outcomes in this
course was done through use of multiple choice question
(MCQ) examinations. Though the delivery of informa-
tion was changed in the new design of the course, the
assessment of student learning did not — student
examination scores were used for both cohorts. The final
examination was cumulative, evaluated higher order
thinking of Bloom’s taxonomy and used integrative
questions with clinical vignettes. The same type of
examination was given to all students. The questions on
the final examinations for each cohort were of similar
content, though not identical stems or distractors. The
final examinations consisted of 50 MCQs with a choice of
correct answer from four possible choices. Each question
on the examination was valued at two points each for a
total of 100 points. The student must have scored 70% or
greater on the written final examination to pass the
course.

De-identified data analysis was performed for pre-post
comparisons of examination scores to assess for any
change in examination mean scores and in course pass
rates. Data were stored on a password-protected institu-
tional computer in the instructor’s office.

The most common statistical terms for course and
program assessment include means, standard deviations
and frequency distributions of student scores.® PAR Score
Analysis (Scantron Corp, Eagen, MN) was used. Addi-
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Table 1 - Descriptive Statistics of Final Examination Scores Over Six Academic Terms

n =503 Cohort A Cohort B Mean Difference
Mean (SD) 79.50 (8.45) 82.25 (7.82) 2.75
Median 80 82
SEM 0.497 0.538
Cohort count, n 290 213

Counts (mean [SD])
1. No. = 94 (81.21 [8.59])
2. No. = 108 (78.17 [8.68])
3. No. = 88 (79.32 [7.80])

Cohort subgroups

Grades (%)

A 37 (12.76)

B 119 (41.03)

C 110 (37.93)

F 24 (8.26)
Range 54-100
Pass rate 91.72

Counts (mean [SD])
4. No. = 83 (82.23 [7.77])
5. No. = 48 (80.46 [7.17])
6. No. = 82 (82.32 [8.23])

50 (23.47)
85 (39.91)
78 (36.62)
1(0.47)
60-100
99.53

tional statistical analyses using SPSS v19 (IBM Corp,
Armonk, NY) included independent r-tests, ANOVA, and
effect size.

RESULTS

PAR Score Analysis demonstrated similar reliability
coefficients (KR20 and point-biserial) for the examina-
tions. Cohort B, the active learning group, showed
significantly higher final examination scores, as compared
to Cohort A, the traditional instruction group (Table 1).
Grade frequency distributions (Fig. 1) provided grade
comparisons of Cohorts A and B. For each group, mean
and median scores were equal, and the shapes of the
distributions of each cohort were similar. Cohort B had a
higher percentage of A grades, while Cohort A had higher
percent of F grades, and the percentage of Bs and Cs were
similar in both cohorts.

45
40
35
30
25
20
15
10

PERCENT OF STUDENTS
(%) ]

GRADES

The 2-tailed independent z-test with equal variances was
significant (1 =—3.71, p < .001, 95% confidence interval
[CT] 1.29-4.20). One-way ANOVA was used to determine
whether the subgroups of each cohort were similar (Cohort
A subgroups 1-3 and Cohort B subgroups 4-6). Signifi-
cant difference was found in the highest performing
subgroup compared to the lowest performing subgroup
in Cohort A (F=3.343, p=.037). For Cohort A subgroups
1 and 2, Tukey’s honestly significant difference (HSD) was
p < .028. In Cohort B, no difference was found among
subgroups (F = 1912 p = .150, Tukey’s HSD p > .105).
Finally, Cohen’s d was calculated and used to determine
the effect size (d = 0.337).

DISCUSSION

Compared to previous versions of the same course
taught by the same instructor, students in the new course

ECOHORTA

COHORT B

Figure 1 - Frequency distribution scores of student achievement between groups.
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design performed better: we found a significant increase in
student learning when we compared the mean scores
between the two cohorts. This study demonstrated lower
failure rates, higher total exam points, and higher scores
on similar final examinations in Cohort B, those who
received case-based instruction. The results were interpret-
ed as a modest improvement in student learning overall
from a change in instructional strategies seeking to
promote use of best practices in higher educational
instruction.

An effect size of 0.337 was obtained. According to
Cohen’s interpretation, this is a small-to-medium effect.'®
According to McMillan and Foley, The What Works
Clearinghouse, a division of the U.S. Department of
Education’s Institute of Education Sciences, has suggested
that a “small” effect per Cohen is “probably meaningful and
important for practice.”'® The use of effect size helps to
demonstrate better the magnitude and importance of the
results. “The effect size transforms abstract statistical
significance testing into concrete measures of the relation-
ship or difference.”'® Thus, in our study, the use of case-
based learning activities in the course appeared to have a
low-to-moderate practical significance, which means that
the average student who received case-based activities in
class (e.g., unfolding cases) was more proficient at answering
the integrative multiple choice test questions than the
students who did not receive the case-based activities.

The use of MCQ style examinations as the assessment of
student learning for this course remained consistent for all
academic terms in this report. This consistency allowed a
retrospective evaluation on the impact of the new teaching
method on student learning. Well written MCQs are an
effective assessment of student learning and have been used
to test students of all health professions.'”'® Although it has
been postulated that this type of testing could assess only
lower recall thinking in Bloom’s taxonomy rather than
deeper knowledge, there is evidence that well constructed
MCQs with extended multiple choice questions or clinical
vignettes in the stem can be used to evaluate higher-level
analytical thinking in students.'” ' The literature also
identifies that MCQ can test higher order thinking especially
when coupled with active learning techniques. Yoder and
Hochevar? as well as McConnell et al.,' in two different
reports, demonstrated that students who engaged in active
learning activities had higher scores, decreased variability
among groups, and greater retention with the use of MCQ
examinations compared to groups for which active learning
was not used.

Much of the research on active learning indicates that it
works well in the classroom setting to improve student
learning. Studies have shown active learning produces
higher achievement and more positive relationships among
students. McKeachie® and Silberman®® have written that
retention levels are enhanced when active learning methods
are used. Johnson et al. found that students reported better
relations with each other and even healthier psychologic
adjustment when active learning was implemented.?
Accordingly, research findings by Sousa®® and Stice®
suggested increased retention of information with active
learning, while little of lecture information was retained

when students were unengaged. This was supported
further by the National Science Foundation Engineering
Education’s coalition where a visual model called the
“Cone of Learning” was developed, which supports the
findings of Sousa,** Stice,?> and others®® that students tend
to retain information when they are involved in “doing the
real thing.” Longitudinal studies by Felder et al. showed
that cohorts of students instructed using active learning
techniques (open-ended questions to small group work)
performed much better than a comparison group on a
variety of measures, including retention, graduation, and
pursuit of graduate study.?” Springer et al. conducted a
meta-analysis of multiple studies in the fields of science,
math, engineering, and technology (SMET), which result-
ed in their interpretation that when students are involved
in “well structured small groups,” the results were higher
academic achievement, generally more favorable attitudes
toward learning,and increased persistence in SMET
courses and programs.?®

Michael reports that active learning indeed works,
although some critics feel the importance of the evidence
for active learning is overstated and, in fact, that a
different problem is to decide when an improvement is
significant practically.?® Collifer et al.*® revisited the study
of Springer et al.®® and their interpretation is quite
different. Their findings indicate the meta-analysis does
not support the application of small-group learning in
medical education and it raises questions about meta-
analysis in education with implications for evidence-based
education.®® Prince reviewed and examined the evidence
for the effectiveness of active learning, and found broad
uneven support for core elements of active, collaborative,
cooperative, and problem-based learning.*' Furthermore,
Andrews et al. reported that in a typical college biology
course, the active learning only superficially resembles
strategies used by educational researchers and “lacks
constructivists” elements necessary to improve learning.”*?
The term “constructivists elements” relates directly to a
brief explanation of learning theories herein.

The constructivist principles include four key elements:
knowledge is constructed from experience, learning results
from personal interpretation of knowledge, and learning is
an active and collaborative process.* ¢ In the 1950s,
Skinner posited that knowledge is not simply “transmitted
unchanged from teacher to student,” but it is an active
process.33 The educational theorist, John Dewey, described
the importance of the individual and collaborative experi-
ences for learning ahead of his time.>* He redesigned the
learning environment for students to be engaged collabo-
ratively with the teacher as a facilitator and guide. What we
read about Jean Piaget is his theory about “knowing the
world by building new experiences on old experiences” and
he also is famous for coining the phrase “constructivist view
of learning.”* Notably, Lev Vygotsky, Piaget’s student,
added the view that students learn better by engaging with
“more capable others.”*® Finally, Benjamin Bloom, a
known visionary 20th century theorist, viewed education
as goal attainment, rather than competition.’” He said it
was important to acknowledge individual differences and
that the learning environment provided was crucial for
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effective learning. He found that high achieving successful
adult learners resulted from a relationship with mentors.
The three “Domains of Learning” developed by Bloom
remains important in education today: Cognitive, Affective,
and Psychomotor. Also, Bloom’s “Taxonomy of Learning
for Higher Order Thinking Skills” is well known to
educators: evaluation, synthesis, analysis, application,
comprehension, and knowledge.’” Another area of learning
theory relates to the “learning style,” which Claxton and
Ralston have defined as “a student’s consistent way of
responding to and using stimuli; an inclination towards a
particular learning modality.”*® Ways to evaluate or
measure learning styles include the visual, auditory,
kinesthetic model; Kolb’s learning style inventory; and
Meyers Briggs type indicator.***! Instructors in higher
education must present information using all three styles:
kinesthetically, visually, and auditory by lectures or
presentations. This presents all learners with the opportu-
nity to become involved and it allows a learner to be
exposed to the other two methods of reinforcement.

The goal of teaching, then, is to improve student learning
by using “best practices” in teaching strategies that help
cultivate independence in learning (self-learning), inspire
natural curiosity, and encourage self-reflection. Active
learning strategies that are useful and that have shown
medium/low impact on resources, yet create an environment
of student engagement within the context of a lecture,
include one-minute paper, think-pair-share, guided discus-
sion, and “muddiest point.”*** Problem based learning
(PBL) provides interactive and clinically integrated learning,
and increases evidence-based practice in medical and dental
education. However, PBL has had equivocal success in
many healthcare settings.*>*® Closely related to PBL is use
of cases in the classroom or “case-based learning,” which
has been shown to be successful in improving student
learning in a variety of settings.** > Engagement, observa-
tion and critical reflection are valued aspects of clinical
decision-making skills that lend focus to teaching strategies
using a case-based method. Using cases in the classroom
yields significant opportunity for discussion with other
students and for peer tutoring, and are well grounded in the
constructivist model.>> Real-world clinical tasks should be
provided using group work and practical feedback.’? It is
well known that a traditional lecture-based format does not
prepare students for clinical care. Healthcare providers are
expected to think autonomously, solve problems and cope
with the unexpected. Active learning allows students to
engage in activities that force them to reflect upon how they
are using and building their clinical skills.*>>>°

The chiropractic educational literature provides several
reports on improved learning outcomes using a variety of
active learning strategies. One study demonstrated that an
integrated case-based teaching style compared to a
traditional approach improved student learning environ-
ment with fewer contact hours in lectures and practical
sessions yet students reached the same level of ability to
answer fact-based and problem solving questions.*’
Another report showed that using a combination of course
notes, more formative tests, non-MCQ examinations, and
specific and detailed feedback in a timely fashion improved

knowledge retention.”> Academic performance reportedly
was improved by using a structured self-study guide,
classroom clinical simulations, course management soft-
ware-based learning, and self-assessment tasks in another
study.’® Collaborative testing is another method that has
shown statistically significant increases in course perfor-
mance, attitudes of confidence, and critical thinking in
students.’”*® Finally, Good reported that writing case
reports was an example of independent, self-directed
learning that improved clinical reasoning, the ability to
integrate information, and use of the literature to support
patient care.>

This is summed up best by Fairweather, who further
describes the “fuzzy” nature of assessing the impact of
instructional change:*

We clearly recognize that student learning is not a singular
goal (e.g., content knowledge, synthesis, and problem-
solving), nor is it necessarily limited to a single classroom
setting. Improving teaching and learning in the classroom
clearly is aligned with many of the more complex learning
objectives, such as the retention of knowledge over time, the
application of knowledge to solve unfamiliar problems, and
commitment to lifelong learning, which must be assessed in
subsequent learning experiences rather than in the imme-
diate classroom environment.?

Our study describes the relationship between the
cohorts, but cannot provide a definitive answer as to
why one cohort has higher scores. There are many factors
that may play into this relationship, such as outside work
schedules, other examination schedules, or even individual
attitudes and learning styles. It may be possible to compare
these students’ performances using grade point averages as
well as benchmark tests (e.g., objective structure clinical
examinations and/or board examinations) outcomes in
approximately two years.

CONCLUSION

The literature on best practices in higher education
encourages active learning strategies to improve student
learning. Our report on a retrospective analysis of student
examination scores showed that students who were
provided regular practice via prescribed (graded and
nongraded) active-learning exercises using case-based group
activities performed better than students who received
traditional lecture without active learning activities.
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