
ORIGINAL ARTICLE

Description of a change in teaching methods and comparison of quizzes versus
midterms scores in a research methods course

Stephanie G. B. Sullivan, DC, Kathryn T. Hoiriis, DC, and Lucia Paolucci

Objective: We describe a change in teaching method from extended face-to-face instruction to a blended classroom
environment in a research methods course and compare student scores following a change in assessment from mid-term
examination to weekly quizzes.
Methods: The course traditionally had been taught using a weekly 2-hour lecture for each academic term. A change in
teaching methods was designed to include 20 minutes of lecture followed by 30 minutes of topic-specific in-class group
discussions. The students then continued group work for an additional hour at an alternative location of their choice,
such as the library, café, student study areas, or at home. Student homework/reading assignments were given as topics
for weekly group discussions. In addition, the midterm examinations were replaced with weekly quizzes. Using t-test
and analysis of variance, scores for four student cohorts in two successive academic terms were compared using
identical multiple-choice questions from the midterms and quizzes for two topics. Student verbal feedback was elicited
at the end of each term.
Results: Quiz scores showed significant improvement over midterm scores for the more challenging statistics multiple-
choice questions (t[371]¼�2.21, p¼ .03, d¼ 0.23) with no significant improvement in multiple-choice questions about
the safety of human subjects (t[374] ¼�.401, p ¼ .69, d ¼ 0.04). Student verbal feedback indicated higher satisfaction
with the blended classroom and experiential learning style.
Conclusion: Assessment using quizzes in an early and often format, instead of a midterm examination, was associated
with higher scores on identical questions. Students preferred the blended classroom environment with experiential
learning exercises and weekly quizzes.
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INTRODUCTION

Creating a learning environment and assessment
methodologies that facilitate, rather than inhibit learning,
are ongoing challenges for the professorate. Large class
sizes, the inherent challenges of group projects, and
student perceptions of content importance often stifle
learning and application. With this in mind, emerging
trends in education, such as blended experiential learning,
and alternative assessment timelines may provide a
solution.

Historically, large class sizes have been taught using a
lecture format; the professor conveys knowledge to large
numbers of students, providing limited opportunity for
dialogue.1 The challenge with lecture classes is the
tendency for students to become spectators, not engaging
with the material.1,2 In answer to the lecture format,
blended learning evolved and includes numerous defini-

tions. Most notably, the experience of blended learning
includes face-to-face interaction and electronic resource
use out of the classroom, such as videos and exercises.1,3

There are several benefits to blended learning,1 which is
one reason this form of learning is beginning to emerge in
professional programs and businesses around the world.
Benefits include greater flexibility of scheduling, improved
student motivation, reduction in wasted time, decreased
cost, and better control.3 This allows the professor
freedom in class to expand on key principles or integrate
additional learning techniques, such as experiential learn-
ing.

Experiential learning, learning by doing, engages
students in the learning process.4–5 Through carefully
designed and directed experiences, students have active
control over the learning process; thus, expanding knowl-
edge acquisition beyond rote material knowledge to
include development of metacognitive proficiencies.5 Com-
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monly practiced in a group environment, students work
together to solve problems, develop necessary skills,
critically evaluate a topic, and reach an academic goal.5

This form of active engagement has been successful for the
development of writing skills, critical thinking, advanced
project development, and clinical care.1,2,4,5 The introduc-
tion of blended learning strategies provides a gateway for
integration of experiential learning activities within the
classroom environment.2 While experiential learning can
be conducted without face-to-face interaction, there is
benefit to reserving class time for activity oversight. Often
surrounding experiential learning activities is a level of
ambiguity, which may evoke discomfort among some
students.4 Modest oversight assists with continued con-
structive progress, faculty nurturing of metacognitive skills
(e.g., planning and reflection), and availability for answer-
ing questions. The addition of experiential learning
complements the lecture to provide a deeper understanding
of the material.

Another, often underappreciated technique to enhance
learning is the inclusion of scheduled quizzes (QUs), which
may further the focus on key learning outcomes and
content understanding. Intentional development of mech-
anisms designed to reinforce the importance of key
concepts, paired with the freedom that may be afforded
by blended learning or environment flexibility, may
provide workable solutions for the evolving classroom.6–8

Shifting the view of assessments away from measuring
student performance success to use as a learning aid
changes the perspective, making them an integral part of
the learning experience,9,10 a potential solution for
overcoming the effects of a ‘‘divide and conquer’’ mentality
during a group project and an avenue for valuable
feedback to the professor.6–8

The implementation of blended learning, experiential
activities, and a modified assessment schedule requires a
considerable time commitment from the professor. Exist-
ing educational material and assessments must be adapted
to meet the needs of the revised class format. We describe
the yearlong process and outcomes of a change in teaching
methods, in which the instructor replaced extended face-
to-face instruction with a multimodal approach and
alternative assessment timelines for a research methods
class with greater than 80 students per quarter.

METHODS

This descriptive study was approved by the Life
University institutional review board and provided for
the reporting of course methodologies, student percep-
tions, and student assessment scores for a research
methods course. The 2-hour course included didactic
learning, blended learning strategies, experiential group
work, an alternative work environment, and assessments
of student learning. In addition to learning the fundamen-
tals of research methodology, students worked in groups
to develop a research study, including completion of a
written proposal and institutional review board applica-
tion. This research study served as the final summative
assessment (final exam) and was designed as a group

experiential activity. Students chose and researched their
topic, and group activities were implemented to guide the
process, engaging dialogue and reflection.

Four successive quarters (Fall, Winter, Spring, Summer)
were observed for the study (n ¼ 376 total number of
students); each quarter included a combination of lecture and
face-to-face time allocation for groupwork and on-line tools,
additional activities and resources provided through the
Blackboard e-Education platform. Unique to quarters 2
through 4 (Winter, Spring, and Summer) was the formaliza-
tion of the lecture and alternativework environment. Lecture
content was adapted to consistently reflect a 20-minute time
frame and 30 minutes of topic-specific in-class group
discussions. To simulate a smaller class environment that
allowed for professor oversight of group work, the class was
divided into two separate combination lecture/work group
sections. The students self-selected into a work group for the
experiential activities, which then was assigned to a section
through a random in-class drawing. For the duration of the
quarter, one section was required to report at 9:00 AM for
lecture/group work, and a second section reported at 10:00
AMfor the same.The students alsowere required tomeet as a
group outside of class or through use of technology to fulfill
the requirements of the experiential learning research project.

In quarters 3 and 4 (Spring and Summer) the midterm
(MT) exam was replaced by four QUs. Two QUs were
short answer, but the other two were in multiple choice
question format (MCQs) identical to the MT questions
and may be compared easily. These questions tested
information from a training from the National Institutes
of Health (NIH; Bethesda, MD) on Safety of Human
Subjects and on basic Statistics (Stats) from an assigned
reading and lecture presentation. Additional activities that
reflected the lecture timeline and included benchmarks of
the summative research project also were incorporated as
graded class requirements. Examples included a draft of
the study statistics plan and a report on study protocol for
the protection of human subjects. These activities replaced
an article summary activity and group citation exercise.

Upon completion of each course, all students were
provided with a university course evaluation. To evaluate
student performance between quarters, scores for student
cohorts in the two successive academic terms using identical
MTMCQswere compared toQUMCQs for two topics, Stats
and safety of human subjects (NIH) over two successive
academic terms. Final scores for the summative research
project also were compared across four quarters, and student
verbal feedback was elicited at the end of each term.

The student scores were entered into an Excel spread-
sheet (Microsoft, Inc, Redmond, WA) for computing
descriptive statistics (percent change, mean and SD) and
SPSS version 24 (IBM Corp, Armonk, NY) was used to
test differences among quiz and MT scores and a 1-way
analysis of variance (ANOVA, post hoc Games-Howell)
was performed for final project score evaluations.

RESULTS

Descriptive statistics included number of students,
mean and standard deviations (SD) for each type of
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assessment, QU versus MT for two topics, Stats and NIH
MCQs. For QU scores (n¼ 160, mean¼ 86.9, SD¼ 14.1),
student performance on the NIH MCQs was only slightly
higher than the MT (n ¼ 216, mean ¼ 86.3, SD ¼ 13.6)
performance (percent change ¼ 0.7%), and no significant
mean score differences were reported between the two
groups, �0.58 (95% confidence interval [CI], �3.4–2.3;
t[374] ¼�0.40; p ¼ .69, d ¼ 0.04). Further, there were no
significant differences in NIH MCQs within quarters using
similar assessment modalities: mean score difference
between quarters assessed with MT format was 1.5 (95%
CI, �2.2–5.1; t[214] ¼ 0.78; p ¼ .43, d ¼ 0.11) and mean
score difference was �2.7 (95% CI, �7.06–1.71; t[158] ¼
�1.20, p¼ .23, d¼0.19) for quarters assessed through QUs.
For the MCQs about statistics, a significant difference was
noted between the QU (n¼ 156, mean ¼ 72.9, SD ¼ 21.6)
and MT (n¼ 217, mean¼ 67.7, SD ¼ 22.5) MCQs with a
mean score difference of�5.147 (95% CI,�9.72 to�0.573;
t[371]¼�2.213, p¼ .03, d¼ 0.23) and a percent change of
7.6%. Within quarters, using similar assessment modalities
for the statistics MCQs, no significant differences were
noted for the MT-only quarters, mean score difference ¼
3.4 (95% CI, �2.62–9.46; t[215]¼ 1.12, p¼ .27, d¼ 0.15).
However, a significant difference was observed within the
QU-only quarters, mean score difference¼�12.5 (95%CI,
�19.1 to�5.9; t[154]¼�3.76, p , .005, d¼ 1.11; Table 1).
A comparison of the Fall and Summer quarter MCQ
scores for the NIH and Stats questions also was
completed. The mean score difference for the NIH MCQs
in MT format (n¼ 113, mean¼ 87.0, SD¼ 13.2) compared
to QU format (n ¼ 79, mean ¼ 88.2, SD ¼ 16.5) was �1.2
(95% CI,�5.47–3.0; t[190]¼�0.58, p¼ .57, d¼ 0.08) and
for the Stats MCQs the mean score difference was �9.6
(95% CI, �16.0 to �3.14; t[194] ¼ �2.94, p ¼ .004, d ¼
0.429) comparing MT (n¼115, mean¼ 69.2, SD¼ 23.0) to
QU format (n ¼ 81, mean¼ 78.9, SD ¼ 21.6).

For the final summative assessment, a 1-way ANOVA
with post hoc Games-Howell test (homogeneity of
variances was violated as assessed by Levene’s test, p ¼
.001) was performed. Final summative assessment score
was statistically different between quarters (Welch’s
F[3,199.74] ¼ 4.63, p ¼ .004, x2 ¼ 0.039). Scores for Fall
(n¼ 114, mean¼ 94.2, SD¼ 5.3), Winter (n¼ 103, mean¼
94.3, SD ¼ 4.6), and Summer (n ¼ 83, mean ¼ 94.9, SD ¼
4.1) were higher than scores obtained by students in the
Spring (n¼ 81, mean¼ 91.7, SD¼ 6.7) quarter. Significant

differences were observed only between Spring quarter and
all other quarters with Fall mean difference of�2.5 (95%
CI,�4.8 to�0.2; p¼ .031), Winter mean difference of�2.6
(95% CI, �4.8 to �0.3; p ¼ .021), and Summer mean
difference of �3.2 (95% CI, �5.5 to �1.0; p ¼ .002; Table
2).

Student verbal feedback indicated higher satisfaction
with the alternative environment for the experiential
learning project and preference for the QU to the MT.
Although limited feedback was provided through the
university end-of-term student assessments, the Summer
end-of-term student assessments reflected a higher per-
centage of perceived meta-competency attainment (Table
3). For Spring, the transition quarter from MT to QU with
the addition of activities related to the lecture and project
timelines, neither student completing the end-of-term
student assessment felt meta-competency attainment was
achieved (Table 3). For the question ‘‘The course
objectives and requirements were clearly communicated,’’
most students completing the survey felt the course usually
or always met the criteria (Fall 3 of 4, Spring 2 of 2,
Summer 5 of 6). No end-of-term student assessments were
performed during the Winter quarter. There were few
comments on the end-of-term student assessments (Table
3).

DISCUSSION

Education is evolving. Continued questioning by the
professorate, technology advancements, and inherent
changes in the way students interact with knowledge have
paved the way for a holistic perspective of the learning
process. To enhance student learning, faculty are encour-
aged to integrate new pedagogy into the classroom, and
these efforts are supported through changes in accrediting

Table 1 - Comparison of Student Performance on Quiz versus Midterm Assessments

MCQs Comparison
Term: Mean (n),
Variable One

Term: Mean (n),
Variable Two p

95% CI of
the Difference

FA to WI NIH – MT only FA: 86.99 (113) WI: 85.53 (103) .434 �2.21–5.12
FA to WI Stats – MT only FA: 69.32 (115) WI: 65.90 (102) .266 �2.62–9.46
SP to SU NIH – QU only SP: 85.56 (81) SU: 88.23 (79) .231 �7.06–1.71
SP to SU Stats – QU only SP: 66.37 (75) SU: 78.89 (81) .000 �19.1 to �5.9
MT to QU – NIH MT: 86.30 (216) QU: 86.88 (160) .688 �3.41–2.26
MT to QU – Stats MT: 67.72 (217) QU: 72.86 (156) .028 �9.72 to �0.57
FA to SU – NIH FA: 86.99 (113) SU: 88.23 (79) .565 �5.47–3.0
FA to SU – Stats FA: 69.32 (115) SU: 78.89 (81) .004 �15.96 to �3.14

Term: MCQ ¼multiple choice question, FA ¼ Fall, WI ¼Winter, SP ¼ Spring, SU ¼ Summer.

Table 2 - Comparison of Student Performance on Final
Group Projects

Quarter N Mean SD 95% CI of the Mean

FA 114 94.18 5.27 93.20 to 95.15
WI 103 94.25 4.60 93.35 to 95.15
SP 81 91.69 6.73 90.20 to 93.18
SU 83 94.94 4.08 94.05 to 95.83
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agency requirements and government policy.11 While the
temptation may be to use strategies, such as blended
learning, to provide additional lecture time, this is not
recommended.1 There are benefits and challenges to each
new methodology; integration of multiple strategies
provides a solution that can overcome many challenges.

The introduction of blended learning strategies provides
a gateway for integration of experiential learning activities
within the classroom environment.2 While experiential
learning can be conducted without face-to-face interaction,
there is benefit to reserving class time for activity oversight.
Often surrounding experiential learning activities is a level
of ambiguity, which may evoke discomfort among some
students.4 Modest oversight, as included in this study,
assists with continued constructive progress, faculty
nurturing of metacognitive skills (e.g., planning and
reflection), and availability for answering questions. The
addition of experiential learning complements the lecture
to provide a deeper understanding of the material.

To capitalize on the benefits of experiential learning in a
group environment, strategies must be adopted to over-
come some of the inherent challenges, especially in a large
classroom environment. Noise levels, the practice of divide
and conquer, free-loaders, and scheduling issues detract
from the benefits if not addressed properly.12–14 Dedicated
in-class time resolves issues related to scheduling; however,
group discussions may result in increased noise levels. This
is distractive to individuals with attention-related disabil-
ities, and although the intent of the professor is to engage
and mentor students during their group exercise, the
number of groups may be preventive. Some allowance for
non–face-to-face group work time or environment flexi-
bility may need to be made. Further, bad habits such as
‘‘divide and conquer’’ and free-loading, can lead to
segregated learning. Experiential activities often are

project-based, combining several learning goals into one
project. Without direct guidance, students not ‘‘assigned’’ a
topic by their group may not adequately learn the material.
This may directly impact summative exam performance.12

Breaking the project down into component parts stresses
the importance of each piece of the overall project.

Understanding, however, that summative assessment of
student knowledge is required to evaluate the success of a
program and the level of a student’s mastery in a content
area,9,11,15 summative assessments, such as group projects,
are meant to gauge the level of content integration,
understanding, and appropriate application of knowl-
edge.11 The task is to employ strategies that motivate the
learner to remain engaged with the material during the
entire course of study. Alternative assessment timelines,
such as frequent QUs as opposed to a MT exam, provide
lower stakes assessment alternatives that have been shown
to assist with recall, increase study time, decrease failure
rates, and result in higher overall performance.6–8 Howev-
er, as with all research, context applies and factors, such as
content, quiz venue, value, and scheduling, may change the
outcome. Further, frequent QUs and formative exercises
may not be practical and may increase the burden of work
in large class sizes.9

This study describes a multimodal approach to teaching
a large research methods class. Curricular changes, such as
replacing extended face-to-face instruction with a blended
classroom environment, which incorporated experiential
learning exercises and weekly assessments, allowed for
creation of an artificially smaller classroom environment,
improved MCQ scores and integration of advanced meta-
competency skills training. The subject of smaller class size
has implications beyond score performance. From an
administrative and funding perspective governments and
universities weigh the benefits with costs, and often the

Table 3 - Student Feedback by End of Term Survey

Question: Usually/Always FA (n) SP (n) SU (n)

The course provided opportunities to
identify problems and develop
realistic solutions

75% (4) 0 (2) 83.3% (6)

The course provided opportunities to
acquire the knowledge and skills

75% (4) 0 (2) 100% (6)

The course provided opportunities to
acquire the knowledge and skills
necessary to perform well in
higher level courses

75% (4) 0 (2) 100% (6)

The course objectives and
requirements were clearly
communicated

75% (4) 100% (2) 83.3% (6)

Comments ‘‘Way too much busy work.’’ ‘‘I really liked that [the instructor]
divided the class into two groups,
it made it more personal and
effective and it was less daunting
when it came to the presentation.’’

‘‘Students would be better served if
we were able to get feedback from
[the instructor] for more than the
25 minutes.’’

‘‘[The instructor] was very clear in her
expectations and always available
to answer student questions."
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results in university settings are class sizes greater than
100.16,17 This reality has helped to fuel the integration of
unique approaches to education. While the negative effect
on grades seems to be mitigated with increasing student
age, diminished teacher-pupil interaction and classroom
engagement may prevent attainment of advanced meta-
competency skills and perceived learning.16,18 In a review
by Cusea, research indicated that large class sizes tend to
have negative effects on student learning and often result
in lowering student engagement with the course content,
professor, and individuals within the class.13 This may be
due partly to the instructors’ use of lecture as the dominant
pedagogy in large class sizes.1

In this study, the artificially decreased class size from
Fall to Winter resulted in a slight downward trend in MT
scores, although not significantly. This may be a result of
the transition between the two class formats or simply due
to chance. Between Winter and Spring additional summa-
tive project- and lecture-related activities were added to the
curriculum in addition to a transition from MT to QU
format. The change to QU versus MT showed only a slight
improvement in student scores. As the professor works
through the change in the program, one would suspect a
curricular adaptation period would have some impact on
student performance. In this study, remarkable changes
were not noted in student performance until the Summer
quarter. From Spring to Summer and from Fall to
Summer significant changes were observed in student
scores on the QU versus MT MCQs for the more
challenging Stats questions, with slight improvement in
scores observed for the NIH questions and final summative
project.

Comparing Fall to Summer scores, accounting for the
transition period, the scores reflected previous studies that
demonstrated improvement in student performance with
the addition of QUs and QUs in lieu of MT exams.6,19

Pennebaker et al. examined changes in student perfor-
mance on identical questions when MTs were replaced
with daily, in class on-line QUs, and results showed
student improvement of half a letter grade in classes that
received daily QUs.6 Additionally, the improvement in
scores carried over to concurrent classes and classes from
the next semester. Pennebaker et al. proposed that the
review for the daily QUs assisted in the development of
improved study habits for the students.6 Beyond compar-
isons between MT assessments and QUs, research also
demonstrated improved memory and retention with more
frequent QUs, creating a ‘‘learning effect’’ through quiz
use.8 One challenge with group work is the divide and
conquer task assignments. This results in some students
gaining segmented mastery of course material and a
disproportionate placement of importance on particular
learning outcomes. The ‘‘learning effect’’ of QU use may
help to reinforce the importance and learning of required
student learning outcomes.

The addition of QUs and artificially simulated smaller
class size were two ways to adapt class performance and
overcome the challenges of group work in a large class
environment. Facilitating teamwork activities during class
periods also assisted in overcoming some of the traditional

hurdles reported previously.14 During the Spring and
Summer quarters, additional consequential activities were
added to the curriculum. Tied to the lecture and
summative group project timeline, time was allowed
during the class period to work on the activities, and
professor availability for questions was theoretically
enhanced by the smaller class size. However, among the
end-of-term comments, one student in the Spring quarter
reported the need for additional classwork time, which was
limited due to the split nature of the class and the
alternative group work environment. The artificially
smaller class size evolved from the increased time
availability provided through use of blended learning
strategies. Hybrid courses, such as those using blended
learning techniques, have been shown to be more effective
than lecture courses on measures of student engagement
and equally as effective in measures of student learn-
ing.1,20,21 Further, the smaller class size, QUs, benchmark
activities, and group work oversight potentially provided
an opportunity for enhancement of metacognitive profi-
ciencies. Active engagement through group work, espe-
cially in student-driven learning that forces critical
evaluation, provides for the development of critical
thinking, planning, and reflection proficiencies.2,4 Al-
though student participation was limited, a modest
improvement in end-of-term scores for meta-competen-
cy–related topics was demonstrated between Fall and
Summer, and, although anecdotal, student preference was
overwhelmingly positive for the simulated smaller classes.

This descriptive study has limitations and documents
the progression of a research methods classroom environ-
ment in which the professor gradually implemented new
learning methodologies in hopes of improving student
learning and understanding of the material. Retrospective
in nature, no preliminary or post surveys regarding student
attitudes or perceptions of learning were implemented.
Further, given that the changes occurred organically, there
were transition periods during Winter and Spring. It is
suspect that, although the material taught and professor
were the same for consecutive quarters, the delivery may
not have been as seamless. The artificial creation of a
smaller class size may not be realistic for other courses and
could impact faculty compensation. However, faculty
should be provided the flexibility to engage new learning
strategies to enhance the learning process. The student
perceptions and results were favorable for each of the
curricular changes, and future studies should include
additional classes with a prospective design that measures
changes in metacognitive proficiencies in addition to
student performance and attitudes.

CONCLUSION

Teaching large sized classes without using lecture-based
strategies is a difficult challenge in education. We described
the implementation of a blended teaching method using
experiential learning with a group project and a change in
assessment strategies from MT examinations to weekly
QUs. These changes in teaching methods and assessments
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were associated with some improvement in student scores
on MCQs.
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