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Abstract

With the expanding medical scope of optometric practice, a strong foundational understanding of
microbiology and immunology is crucial for optometrists entering the profession. We designed an
interdisciplinary curriculum taught by microbiologists, immunologists and clinical optometric faculty that
vertically integrated clinical content with basic science concepts. Learning outcomes and student interest
were evaluated utilizing survey and summative assessment data. Students had a greater prior
background in microbiology than in immunology. Integration of the subjects was well-received and
correlated with final grades. Students believed these subjects were important to their careers. This
design could serve as a model for other optometry programs.
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Introduction

For learners entering programs in health professions who have limited or no clinical exposure to patient
care, the knowledge gained through the basic science courses is difficult to connect to clinical scenarios.
This challenge can be overcome by linking basic science concepts to clinical problems, often through
patient-based or case-based learning.1 Medical schools have realized the importance of including clinical
tasks early in the curriculum and have termed the mixing of basic and clinical sciences as vertical
integration.2 In a similar fashion, some optometry programs have moved away from the conventional
mode of teaching preclinical didactic courses followed by clinical instruction to interlinking the clinical and
basic sciences within the curriculum.3,4

Infections by a variety of microorganisms are a common etiology of eye diseases encountered in
optometric clinical care.5 Optometrists must be knowledgeable in basic sciences6 and the recognition of
the symptoms and signs of ocular infections by a variety of pathogens. On occasion, optometrists may
need to collect specimens from the ocular surface and prepare them for delivery to a lab for analysis.7 In
addition, optometrists develop care plans to eradicate the offending microorganisms, promote tissue
healing by taking into account the patient’s immunological status, educate the patients and their families,
and effectively communicate with other members of the healthcare team. Optometric clinics, as
outpatient settings, must comply with infection prevention guidelines to minimize the spread of infectious
agents.8 The study of medical microbiology and immunology allows optometry students in their pre-
clinical preparation to appreciate the various pathogens responsible for ocular infections as well as to
understand the body’s immune responses against the infectious processes.
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Two ways microbiology and immunology are taught in optometry programs are as a standalone course,
such as the one offered by Nova Southeastern University’s College of Optometry (NOVA), or as topics
within an integrated curriculum.3,4 Despite the importance of understanding microbiology and
immunology as a foundation for other basic sciences and clinical concepts, some programs have
reduced the number of hours for microbiology and immunology. NOVA has similarly seen a decrease in
the number of hours for didactic lectures, with microbiology reduced from a 3-credit-hour course to a 2-
credit-hour course during the 2019-2020 academic year. Considering the reduction in didactic hours or a
reduced number of integrated hours of microbiology and immunology within a systems-based curriculum,
it is becoming increasingly necessary for basic science course instructors to include vertically integrated,
clinically focused course material in a very limited time frame to deliver a high-yield curriculum.

To emphasize the importance of microbiology and immunology to our pre-clinical optometry students,
our goal was to integrate clinically correlated concepts and material into the course. We sought to design
a clinically rich, standalone medical microbiology and immunology course that integrated clinical cases
into didactic lectures and examinations.9 In addition, we collaborated with clinical optometric faculty to
design co-lectures dedicated to the clinical application of microbiology and immunology to demonstrate
the significance of the basic sciences to patient encounters. The clinical application of the basic science
topics was assessed in summative examinations, and student satisfaction and perception were
monitored by surveys. To the best of the authors’ knowledge, no published studies have examined the
impact of vertical integration of clinical application in a medical microbiology and immunology course for
optometry students.

Methods

Course structure and exams

Microbiology is a required 2-credit-hour first-year optometry course at NOVA. The course covers the
basic immunology of the human body and the biology of microorganisms, incorporating a general
medical approach to ocular diseases. In the Fall 2020 administration, the course content was delivered
by a total of two microbiology, one immunology and two clinical lecturers. The microbiology and
immunology lectures were delivered as didactic PowerPoint presentations with and without polling
questions for engagement, depending on the lecturer and the topic. Foundational science material was
presented covering basic concepts in immunology or microbiology with an overall emphasis on its clinical
relevance and application of basic science to diseases using case studies and examples. A series of
eight clinical co-lectures (CCLs) and case presentations were delivered by the clinical optometric faculty
throughout the course and covered two topics each in immunology, bacteriology, virology and mycology
(Table 1). These CCLs integrated foundational science information with clinical course and case
presentations to highlight the application of microbiology and immunology body-wide, with an emphasis
on the ocular region.
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Table 1. Click to enlarge

Student performance was assessed by three written examinations of 40 multiple-choice questions per
assessment, covering lecture presentations, assigned reading material and integrated clinical lectures.
These examinations included questions that assessed students’ ability to integrate foundational
information with clinical scenarios. The first examination tested immunology material (block 1) and
contained six case-based questions, two of which came directly from the CCLs. The second examination
tested bacteriology material (block 2) and contained 11 case-based questions, two of which came
directly from the CCLs. The third examination tested virology and mycology material (block 3) and
contained 12 case-based questions, two of which came directly from the CCLs.

Survey and exam administration

Institutional Review Board approval was granted for this study, which employed quantitative methods
using surveys to assess student perception of course material as well as multiple-choice examinations to
assess understanding and retention of the learning objectives. While class attendance and examinations
were a course requirement, completion of the educational surveys as part of this study was not
mandated, and students had the option to decline to answer each of the survey questions without
penalty. Recruitment was restricted to the 129 students currently enrolled in the microbiology course in
Fall 2020. Announcements to participate were made both during class and via the course page on the
Canvas Learning Management System,10 making it clear that participation was entirely voluntary. No
incentives were offered to participate. To minimize any potential feelings of coercion, it was announced
that data would not be examined or analyzed in any fashion until the final grades for the course were
released. All data were de-identified prior to analysis to protect student privacy.

Figure 1. Relative timing of surveys, exams and clinical co-
lectures throughout the three blocks of the course. Black text =
introductory and concluding surveys before and after blocks;
Blue text = block 1 material and survey; Green text = block 2
material and survey; Orange text = block 3 material and survey.
Click to enlarge

https://journal.opted.org/wp-content/uploads/2023/03/WS23P4Table1.jpg
https://journal.opted.org/wp-content/uploads/2023/03/WS23P4Table1.jpg
https://journal.opted.org/wp-content/uploads/2023/03/WS23.P4F1.jpg
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Between August 2020 and December 2020, 129 students were enrolled in the microbiology course. Of
these, 93 were female (72%) and 36 were male (28%). Figure 1 describes the relative timeline of events
for the study. Surveys were designed and administered on ExamSoft, a secure testing digital platform.11

The first survey was administered at the beginning of the course to gauge students’ interest in
microbiology and immunology and assess their prior knowledge of the subjects. The following three
surveys were given after the delivery of the corresponding clinical correlate lectures and asked students’
perspectives on the course material, delivery of course content and perceived relevance to their careers.
The second survey covered the perception of immunology (block 1). The third survey combined topics
from bacteriology and virology (blocks 2 and 3), while the fourth survey was a concluding survey
containing topics from mycology (block 3) as well as questions pertaining to students’ experiences with
the course overall. In an attempt to lessen student survey fatigue, survey questions for block 3 were
divided between the final two surveys, thereby eliminating the need for an additional survey to be
administered. All surveys ranged from six to nine questions and were used to assess students’
perceptions of the importance and relevance of the subject matter and clinical correlation lectures to their
future careers. Surveys used either multiple-choice time-frame options (0, 1, 2, 3, 4, or more semesters)
or a Likert scale with four options (strongly agree, agree, disagree, and strongly disagree). Responses to
four prompts were assessed: (1) How many semesters of microbiology did you take before starting in the
College of Optometry? (2) How many semesters of immunology did you take before starting in the
College of Optometry? (3) Medical immunology is important to my future career (4) Medical microbiology
is important to my career.

Three multiple-choice examinations of 40 questions each were administered using ExamSoft throughout
the semester. Exam questions based on the clinical lectures and case-based foundational lectures were
administered as part of the regular examinations that assessed student understanding of the course
learning objectives. One hundred and twenty total multiple-choice questions were administered over the
course of the semester. Of those, six clinical case-style questions assessing the material presented
during the case-based and clinical lectures were administered as part of the immunology exam, 11 as
part of the bacteriology exam, and 12 as part of the virology and mycology exam. There were eight
multiple-choice questions from a total of 120 exam questions based on the material delivered by clinical
faculty – two from immunology, two from bacteriology, two from virology, and two from mycology. Table
1 lists the integrated topics covered on each exam.

Data analysis

Data were analyzed and graphed using GraphPad Prism version 9.1.1.12 Simple linear regression was
performed on the raw data. A p value < 0.05 was considered significant. Simple descriptive statistics and
tables were constructed using Microsoft Excel version 16.50.

Results

To determine whether the microbiology semester-long course redesign met the objectives of our study,
four surveys were administered over the course of the semester (Figure 1). Data reported in this study
were drawn from questions present on surveys 1, 2 and 4. Data from all other survey questions were
inconclusive (data not shown). Not all students took all four surveys, and out of those who took the
surveys, not all answered all questions. At the beginning of the course, 110 students responded to the
questions “Medical immunology is important to my future career” and “Medical microbiology is important
to my career” using a Likert scale with four options: strongly agree, agree, disagree, and strongly
disagree (survey 1; 110 respondents, 85%). Students were then asked the same questions once the
immunology (survey 2; 101 respondents, 78%) and microbiology (survey 4; 88 respondents, 68%)
subjects were delivered.

Overall student response rate to microbiology course redesign
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Anecdotally, there was noticeable excitement and increased engagement from students after each
clinical lecture. Students voluntarily returned the surveys in large numbers. Survey 1, the pre-course
survey, had 110 respondents (85%), survey 2 had 101 respondents (78%), and survey 4, the post-
course survey, had 88 respondents (68%). Additionally, students performed well overall in the course
with a class average of 82%.

Prior student experience in microbiology and immunology coursework

Table 2. Click to enlarge

Most students reported having some background in microbiology, with a majority of responding students
(86%) reporting taking one semester of microbiology prior to matriculating in the College of Optometry.
Fewer students had an immunology background, with a majority (66%) having never taken immunology,
and 32% having taken only one semester of immunology prior to starting the optometry program (Table
2).

Assessment of students’ perceptions of the importance of microbiology and immunology

The results of the pre- and post-course survey question regarding student perception of the importance
of medical immunology to their career indicated most students had a positive association and either
agreed or strongly agreed (Figure 2). In total, there were 110 respondents to this question on survey 1
and there were 88 respondents to this question on survey 4. There were no statistically significant
differences between the pre- and post-surveys (paired t test, p > 0.05) for this question. Perception of
medical microbiology as important to their career also indicated that most students had a positive
association and either agreed or strongly agreed (Figure 3). In total, there were 110 respondents to this
question on survey 1 and there were 88 respondents to this question on survey 4. There were no
statistically significant differences between pre- and post-surveys for this question (paired t test, p >
0.05).

Figure 2. Student responses to the
question “Medical immunology is
important to my future career” given
at the beginning (pre-course) or end
(post-course) of the microbiology
and immunology course.
Click to enlarge

Figure 3. Student responses to the
question “Medical microbiology is
important to my future career” given
at the beginning (pre-course) or end
(post-course) of the microbiology
and immunology course.
Click to enlarge

Figure 4. Student responses to the
question “I feel incorporating clinical
correlation into the medical
immunology/microbiology section of
this course is helpful to my
understanding of the course
material and how it will apply to my
future career as an optometrist.”
Click to enlarge
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Students were assessed at the conclusion of the immunology (block 1) and microbiology sections
(blocks 2 and 3) of the course about their opinions on the usefulness of integrating clinical correlations
into the medical microbiology and immunology material with the questions “I feel incorporating clinical
correlation into the medical immunology section of this course is helpful to my understanding of the
course material and how it will apply to my future career as an optometrist” (survey 2) and “I feel
incorporating clinical correlation into the medical microbiology section of this course is helpful to my
understanding of the course material and how it will apply to my future career as an optometrist” (survey
3). Among 104 respondents, 97% responded positively to the statement that incorporating clinical
correlation into the medical immunology section of the course was helpful to their understanding of the
course material, with 69% strongly agreeing (Figure 4). Similar results were observed regarding the
medical microbiology section with 93% of respondents responding positively to the statement and 55%
strongly agreeing out of a total of 100 respondents (Figure 4).

Clinical case-style exam questions based on the clinical lectures and case-based foundational lectures
were used to assess students’ understanding and appreciation of the clinical integration in this course. A
total of 29 case-style questions were used. As students answered more clinically correlated questions
throughout the course correctly, their final grades in the course increased in a linear fashion (Figure 5).
Simple linear regression of the relationship is well-represented in a line of best fit with the equation Y =
1.975*X + 35 with a goodness of fit (R2) = 0.9527. This slope of the resulting regression line is
significantly different from zero (p < 0.0001). Increased understanding of clinical application overall
appears to increase understanding of all the material, including foundational material, indicating an
increase in learning outcomes overall.

Figure 5. The plot of average course grade earned
vs. the number of all clinical correlation questions
from the course that students got correct on
exams. Linear correlation was observed with a line
of best-fit Y = 1.975*X + 35 with a goodness of fit
(R2) = 0.9527 (n=129). The dotted lines show 95%
confidence intervals. Click to enlarge

Figure 6. The plot of average course grade earned
vs. the number of clinical correlation questions
specific to the clinical co-lectures that students got
correct on exams. Linear correlation was observed
with a line of best fit Y = 2.343*X + 68 with a
goodness of fit (R2) = 0.7961 (n=129). The dotted
lines show 95% confidence intervals. Click to
enlarge

Further analysis of the questions strictly arising from the CCLs was also predictive of overall success in
the course. Eight multiple-choice questions over the semester were based on the clinical faculty co-
lecture material. Success on these eight questions was highly predictive of overall success in the course
as measured by the exam average (Figure 6). Simple linear regression of the relationship is well-
represented in a line of best fit with the equation Y = 2.343*X + 68 with a goodness of fit (R2) = 0.7961.
This slope of 2.343 is significantly different from zero (p < 0.0001). Thus, using the number of correct
responses to the clinical correlate questions exclusively as a proxy for increased understanding of the
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material is reasonable and objectively validates student feelings towards the clinical co-lecture material
(Figure 4).

Discussion

This study is the first to elucidate the relevance of an integrated microbiology and immunology
curriculum adapted to teach optometry students the knowledge necessary for their clinical practice.
Previous studies have looked at integrating clinical education in microbiology coursework for medical
students13; however, optometry students require clinical education in the classroom that matches their
area of specialization. The overarching goal of our course design was to enhance student perception
and performance within the course itself, which our data suggest was a success.

By introducing clinical material early in pre-clinical education, we sought to enhance our optometry
students’ clinical knowledge. We believe this is particularly important given that with the aging U.S.
population, optometric practices are likely to become more medically oriented and will play a larger role
in the diagnosis and management of ocular infectious diseases.14 In addition, the knowledge gained
through microbiology and immunology coursework is vital in complying with infection prevention
guidelines and understanding how to protect optometrists, staff and patients from infections commonly
spread in optometry practices.

The most current curriculum comparison of U.S. optometry schools was published in 2003 and
discussed a reduction in the number of hours for didactic studies in the 2001-2002 school year when
compared with previous years (1991-92 and 1995-96).15 Our program has seen a similar shift. We
believe one way to make a standalone microbiology and immunology course successful and meaningful
to optometric student education is to mimic the vertical integration seen in programs that use systems-
based curricula. Therefore, we used a two-pronged approach in the design of our microbiology and
immunology course.

This study incorporated a quantitative approach, which allowed course instructors to evaluate students’
perceptions of the usefulness of the integrated model to learning through survey-based questions and
student feedback as well as quantitative evaluation through exam scores. Survey responses gave insight
into students’ perceptions of the relevance of the coursework. This metric was important to evaluate
because it has been shown that when students perceive what they are learning matches their goals, they
are more likely to engage with the material presented to them.16 Students found the clinical integration
useful, and this was reflected in the individual exam scores that increased linearly with increased
performance on clinical lecture-based questions. Thus, introducing clinical lectures into microbiology and
immunology coursework appears to improve student engagement and performance in the course. It is
important to note that this was achieved without any additional resources or budget as clinical optometric
faculty are commonly employed by optometric programs. There is a cost associated with faculty time
devoted to providing clinical lectures. However, in our program, clinical faculty are given service hours to
the college that allowed them to participate in the course.

According to the 2020 Association of Schools and Colleges of Optometry’s “Optometry A Career Guide,”
microbiology, but not immunology, is a common prerequisite course for admission to U.S. optometry
programs.14 Therefore, most students enter optometry programs, including ours, with a baseline
knowledge of microbiology. In our study, students’ prior knowledge of microbiology was not quantitatively
assessed before the start of the course; therefore, it is possible that their previous level of exposure to
microbiology could impact their perception of the relevance of the coursework and their performance on
assessments in the course. Results of the pre- and post-course survey question regarding students’
perception of the importance of medical immunology to their career in our study were not significantly
different from each other (paired t test, p > 0.05) in large part due to an overwhelmingly positive
agreement to the question. However, it was notable that while overall student perception of the
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importance of medical immunology to their career was 95% (pre-course) and 96% (post-course) positive,
the course increased the number of students who “strongly agreed” by 11% and eliminated all answers
of “strongly disagree.”

The perception of medical microbiology as important to the students’ career was also not significantly
different before and after the course (paired t test, p > 0.05) due in large part to a strong positive
response to the question with 88% of students either agreeing or strongly agreeing. However, there was
a 10% increase in positive perception to 98% of total respondents who were asked if medical
microbiology was important to their career after the course. Among positive respondents, 16% more
“strongly agreed” after the course, and there were no longer any students who “strongly disagreed.”

Future studies should address this concern. The relative dearth of research articles regarding optometric
curricula also appears to echo this lack of emphasis. At the same time, there is a wealth of research
articles regarding microbiology and immunology in other health professions, particularly regarding clinical
correlations of the material.13,17 In addition, the current study was limited in scope to one class in one
optometry program in the United States. It would be illustrative to see the results of a longitudinal study
in multiple programs across the country to see whether these results remain consistent and are widely
applicable.

Conclusions

At the beginning of our course, most students had prior experience taking microbiology courses, while
few had the same previous experience taking immunology courses. Irrespective of that prior experience,
most students believed both subjects were important to their future career as optometrists. Vertical
integration of clinical content throughout the foundational course in microbiology and immunology was
well-received by the students. In addition, students’ course performance was positively impacted by the
clinical integration as measured by performance on examinations. While not directly assessed, our
results suggest that a clinically focused microbiology and immunology course in an optometric program,
and not simply prerequisite microbiology, can positively impact students’ learning experience in their
preclinical years. It remains to be seen whether this success carries over into subsequent, more clinically
focused courses as well as students’ careers as optometrists.

Given our results, a multi-institutional, longitudinal study looking at the impact of clinically focused
microbiology and immunology courses in optometric programs vs. only pre-requisite microbiology on
academic and clinical performance is warranted. Future studies may also consider different clinically
based integrations, such as case-based, team-based and problem-based learning approaches to
promote discussion, invite questioning and encourage self-directed student learning.
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