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Although immunological research has become increasingly important in recent decades for understanding 
infectious and immune-mediated diseases, immunological pedagogy at the undergraduate level has lagged 
behind in reports of evidence-based scholarship. To address the need for a renewed emphasis on immunol-
ogy education and to describe the current status of undergraduate education in immunology, an online 
survey of instructors with experience in teaching immunology was conducted. The survey investigated the 
effects of instructors’ level of teaching experience, target student population, and course components on 
the emphasis given to certain immunology subtopics in their courses. Instructor teaching experience and 
current role in teaching influenced the proportion of time allotted to lab techniques, clinical topics, and 
evolutionary aspects, but type of institution (undergraduate and graduate degree-granting institutions) did 
not affect course content or emphasis on subtopics. Topics that received the greatest emphasis were the 
adaptive immune system, the innate immune system, host–pathogen interactions, and molecular mecha-
nisms. Vaccines, hypersensitivity, autoimmunity, and essential immunology techniques were ranked slightly 
lower, while topics such as evolution, metabolism and antibody purification received the least emphasis. 
Inclusion of a lab component increased time given to lab-related and clinical topics but did not affect the 
perceived importance of various scientific competencies. These data describe current curricular practices 
of instructors who have experience teaching immunology and inform curricular priorities and course design 
frameworks for undergraduate immunology education. 
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INTRODUCTION

The field of immunology is rapidly expanding, high-
lighting the importance of immune function and regulation in 
all aspects of health and disease, as well as underscoring the 
relationship between the immune system and other scientific 
disciplines, such as ecological sciences (1) or evolutionary 
biology (2). Advances in other fields, including genetics, 
biochemistry, and bioinformatics, are actively transforming 

the field of immunology, as evidenced by a rapid surge in 
publications related to immunometabolism (3), systems 
immunology (4), and disease modeling (5). Incorporating 
this large amount of information into undergraduate cur-
ricula and summarizing it is without question a daunting 
task. Although research has rapidly advanced knowledge 
of immune function in diverse contexts, deciding which 
concepts to include in undergraduate curricula is often 
overwhelming and is further exacerbated by limited and 
inconsistent inclusion of immunology in introductory sci-
ence courses (6) or even semester-long courses in biology 
programs (7). 

As noted, at the undergraduate level, the introduction 
of concepts pertaining to the immune system is often lim-
ited to a single semester course or a single unit in a related 
course such as Microbiology or Anatomy and Physiology, 
and the selection of topics is frequently based on one or 
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more factors, including covering topics in textbooks (8), 
research or review papers (9), time-honored traditions, 
time-dependent needs of the curriculum within an institute/
department, or the individual interests or expertise of an 
instructor (10). There are few resources available to under-
graduate immunology educators to guide content selection 
and development of immunology-centric instructional mate-
rials (11). Importantly, development of common standards 
for concepts and topics taught in a course has a positive 
impact on student learning experience and performance 
(12–14). Although the importance of establishing core con-
cepts to assess student understanding has been highlighted in 
disciplines such as physiology (15, 16), microbiology (17, 18), 
and neuroscience (19), the evaluation of core concepts for 
undergraduate immunology has only just begun (20). More-
over, immunology education as a whole has not established 
itself as a programmatic discipline at the undergraduate 
level, in contrast to the discipline of neuroscience, which is 
taught extensively (11). Neuroscience and immunology share 
the common characteristic of being systems that extend 
throughout the body and interface with every other system 
in the body. Thus, these disciplines have tremendous poten-
tial for introducing students to interdisciplinary scientific 
concepts. However, at the same time, the ability to do so 
effectively is highly dependent on identifying foundational 
core concepts that must be understood in order to then 
apply that knowledge in an interdisciplinary manner.

Evidence-based curriculum development is a multi-step 
process that involves an assessment of current curricular 
practices to determine the content and learning outcomes 
commonly used, so that going forward, appropriate teaching 
activities and validated assessment tools (e.g., concept 
inventories) can be designed and aligned for maximal effec-
tiveness (21). An excellent example of this process in the 
field of undergraduate microbiology education involved a 
rigorous process in which educators first identified core 
concepts, fundamental statements, and learning outcomes, 
which then aided the development of a validated assessment 
tool to create more robust and reproducible educational 
resources for the community (22, 23). Additionally, to 
help with curriculum development, many educators and 
professional, discipline-specific societies have laid out 
course-design frameworks based on the backward-design 
or integrated-course design approach (24, 25). For a highly 
conceptual, interdisciplinary, and rapidly-changing discipline 
like immunology, the enormity of identifying core concepts 
can be overwhelming (26–28). To begin to address this 
challenge, a consortium of educators who teach immu-
nology at the undergraduate level and who are familiar 
with undergraduate curricular practices undertook the 
first organizational initiative to solicit feedback from the 
educator community regarding the topics that professional 
instructors of immunology courses prioritize. This initiative 
was based on previous research demonstrating that the 
quantity of instruction/amount of time spent by an instructor 
on a topic has a significant impact on student learning (29). 

Towards this goal, immunology educators were asked to 
reflect on the current status of the course(s) they teach in 
this field and to describe the distribution of time allotted in 
their course(s) to each of several predetermined subtopics. 
Data obtained from the survey provided information that 
was used to delineate factors that potentially influence the 
time prioritization of topics and importance attributed to 
skills and competencies in immunology by instructors. The 
conclusions from this survey serve as a critical first step to 
ascertain curricular priorities and to design hierarchical con-
tent frameworks for undergraduate immunology education. 

METHODS

Participants

A faculty survey (Appendix 1) was developed, using 
Qualtrics, to gather data on the proportion of time spent on 
specific topics in immunology during semester-long under-
graduate immunology courses. This study was approved 
by Minnesota State University Moorhead’s IRB protocol 
#1561719-1. The survey link was distributed to faculty at 
large, via email, society listservs [Society for the Advance-
ment of Biology Education Research (SABER), American 
Society for Microbiology (ASM)’s Microedu, Partnership 
for Undergraduate Life Sciences Education (PULSE), Society 
for Leukocyte Biology (SBL)], social media (Twitter and 
Facebook), and word of mouth. Participation was voluntary, 
and prior to taking the survey, a confidentiality policy was 
shared with the respondents (Appendix 1). The survey 
instrument and procedures were reviewed and approved 
by the Minnesota State University Moorhead Institutional 
Review Board. 

Survey description

Data from the survey were organized into four sections. 
The first section was demographic data, such as highest 
degree earned, institution type, and years of experience 
teaching (see Appendix for the complete list). Using a five-
point Likert scale, the second section asked respondents to 
identify the proportion of their courses dedicated to spe-
cific topics (pre-selected based on preliminary discussions 
amongst the authors): i) basic immunology (historical per-
spective, innate, adaptive and mucosal immunity, molecular 
mechanisms in immunology); ii) clinically focused topics 
(vaccines, host–pathogen interactions, autoimmunity, hyper-
sensitivity, transplantation and tumors); iii) lab-based skills 
in immunology (immunologist’s toolbox [flow cytometry, 
ELISA, etc.], diagnostics, cell culture and antibody purifi-
cation); and iv) a category that reflected emerging topics 
(metabolism and evolution, in terms of immunometabolism 
and ecoimmunology, respectively). 

The third section asked respondents to rate the 
importance of seven skills for student learning in a labora-
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tory setting, again on a five-point Likert scale. The skills, 
with abbreviations in parentheses, as are follows: i) Identify 
and investigate the key elements of an immune response 
(Key elements); ii) Isolate and identify key cells and tissues 
involved in an immune response (Cells tissues); iii) Describe 
techniques used to measure or identify effector functions of 
immune components (Effector functions); iv) Explain how 
antigen–antibody interactions can be used to measure or 
detect the presence of an antigen (Antigen–antibody); v) 
Explain how gene expression changes during an immune 
response to an antigen (Gene expression); vi) Identify meth-
odologies that manipulate the immune system (Manipulate); 
and vii) Use best practices in an immunological laboratory 
(e.g., biosafety levels, federal and institutional regulatory 
protocols, etc.) (Best practices).

Lastly, in the fourth section, respondents were again 
asked to indicate (using a five-point Likert scale) the impor-
tance of the following core competencies identified in the 
Vision and Change in Undergraduate Biology Education report 
(13) for student learning in the context of immunology. The 
competencies, with abbreviations in parentheses, are as 
follows: i) Ability to apply the process of science (Process); 
ii) Ability to use quantitative reasoning (Quant Reason); 
iii) Ability to communicate and collaborate with other 
disciplines (Comm & Collab); iv) Ability to understand the 
relationship between science and society (Sci & Society); 
and v) Ability to use modeling and simulation in immunology 
(Model & Sim). 

Data analysis

Mean ranks of time allocations for each subtopic were 
compared using a one-way ANOVA followed by Student-
Newman-Keuls post hoc pairwise comparisons. Compari-
sons for the effects of laboratory and instructor teaching 
experience were compared using independent t-tests. For 
topics that showed significant differences for courses with 
and without laboratory components, we tested whether 
individual respondents on time allocations predicted their 
subsequent responses to questions about the Vision and 
Change topics (process of science, communication and 
collaboration, science and society, quantitative reasoning 
and modeling and simulation) and laboratory skills (Key 
elements, Cells tissues, Effector functions, Gene expres-
sion, Manipulate, Best practices) using Pearson correlation 
coefficients. All analyses were conducted using SPSS v26. 

RESULTS

Demographics

There were 138 responses to the survey. Of these, 49 
did not provide responses beyond the demographics ques-
tions. These were considered “nonresponders” and were 
not included in the data analysis. Of the 89 responders, 96% 

held a PhD (Fig. 1A), 68% held a tenure-track faculty posi-
tion (Fig. 1B), 71% were currently teaching or had recently 
taught a course in immunology (Fig. 1C), and 45% had more 
than 10 years of experience teaching immunology (Fig. 1D). 
Respondents represented a variety of institution types; 
62% came from institutions that offered masters or doc-
torate degrees, and 32% were from institutions that were 
primarily undergraduate institutions (Fig. 1E). Regardless of 
institution type, 66% of respondents taught courses aimed 
at an undergraduate audience (Fig. 1F), and nearly half of 
these courses included a laboratory experience (Fig. 1G). 
Geographically, the survey respondents were predominantly 
located in North America (Fig. 2A), with four on the Aus-
tralian continent (Fig. 2B), two in Asia, and one in Europe.

Overall trends in proportion of time spent on each 
topic

The amount of time allocated to topics within immu-
nology could be organized statistically into five groupings 
(Fig. 3). The cluster that received the most time in immu-
nology courses comprised the topics Adaptive Immune 
System, Innate Immune System, Host–Pathogen Interac-
tions, and Molecular Mechanisms of Immune Responses. 
There seems to be general consensus among immunology 
instructors that these topics are fundamental to under-
standing immunology.

The second cluster of topics included Vaccines, Immu-
nologist’s Toolbox, Autoimmune Disorders, Hypersensi-
tivity Disorders, Mucosal Immunity, and Diagnostic Tools 
(Fig. 3). These topics were included in courses by most of 
the respondents but with less time dedication than topics 
in the first cluster.

The third tier of topics was composed of Transplanta-
tion, Tumor Immunology, and Historical Overview of the 
field of immunology. The fourth grouping, which received 
the lowest allocation of time, was the group that contained 
the topics of Cell Culture, Evolutionary Aspects related to 
immunology, and Metabolic Demands of the immune system. 
Antibody Purification stood alone as the topic with the 
fifth, and lowest, rank with respect to the amount of time 
allocated to it in immunology courses (Fig. 3).

The topics Innate Immune System and Adaptive 
Immune System both had means above 3.0 and received 
the highest rankings of categories within group “a” (Fig. 3A), 
indicating that respondents spent the most time on those 
topics. Importantly, the type of institution where survey 
respondents teach and the student population served by 
the course had no effect on the proportion of the course 
spent on selected topics (p > 0.05 for all, data not shown). 
This suggests that topics being taught at all types of degree-
granting institutions are time-prioritized similarly, and there 
is consensus regarding the topics being taught regardless of 
whether the course serves primarily undergraduate and/or 
graduate student population. However, other factors, such 
as years of teaching experience, current teaching status, 
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FIGURE 1. Demographic data of survey respondents. The total num-
ber of responses as a function of education level of the instructor 
(A), academic track/job title of the instructor (B), the instructor’s 
immunology teaching status (C), the number of years the instruc-
tor has taught immunology (D), the type of institution at which 
the instructor teaches immunology (E), the degree program of the 
students enrolled in the instructor’s course(s) (F), and whether or 
not the instructor’s course has a laboratory component (G). PD = 
post-doctoral experience, MSc = Master of Science; “Taught else-
where” = the instructor does not teach an immunology course but 
teaches immunology concepts in other courses; “Research only” = 
the instructor does not teach but is involved in immunology research; 
Bacc = bachelor degree; y = years. 
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and the availability of a lab component, were found to be 
influential in the time prioritization of topics beyond the 
Innate Immune System and Adaptive Immune System.

Role of instructor demographics as influencing 
factors

Current teachers. Survey respondents currently 
teaching an immunology course at the time of the survey 
differed in their pedagogical approach from respondents 
who were not teaching an immunology course at the time 
of the survey (i.e., taught immunology in past academic 
years, teach immunologic concepts in other courses, or 
have not previously taught but do immunology research) 
(Table 1). Respondents currently teaching immunology put 
greater emphasis (p < 0.05) on lab techniques (Immunolo-
gist’s Toolbox), Adaptive Immune System, Hypersensitivity 
Disorders, Tumor Immunology, and Evolutionary Aspects 
of Immunology than respondents not currently teaching. 

Teaching experience. Respondents who have 10 
or more years of experience teaching immunology put 
greater emphasis (p < 0.05) on Host–Pathogen Interactions, 
Mucosal Immunology, Transplantation, and Evolutionary 
Aspects of Immunology (Table 2).

Differences in educator response based on 
whether or not their course was accompanied by a 
lab experience. Courses with a lab component differed 
from courses without a lab in the proportion of time spent 
on certain topics (Table 3). As expected, respondents 
teaching an immunology course that includes a lab spent 
more time (p < 0.05) on clinical topics (Diagnostic Tools 
and Transplantation), and lab techniques (Immunologist’s 
Toolbox and Cell Culture), while respondents indicated that 
the least amount of time was spent on Antibody Purification 
(Fig. 3A), although courses with a lab spent slightly more time 
on the topic (marginally non-significant p = 0.060) (Table 
3). Notably, regardless of whether courses offered a lab or 

not, the proportion of time spent on other topics was not 
significantly different. 

Importance of various lab-related skills for student 
learning in the context of immunology

Respondents teaching an immunology course were 
asked to rank the importance of certain skills for student 
learning in a laboratory setting. The skills could be statis-
tically organized into three groupings (Fig. 4). The skills 
deemed most essential for student learning in a lab setting 
were “Use best practices in an immunology laboratory” 
and “Explain how antigen–antibody interactions can be 
used to measure or detect the presence of an antigen.” The 
second tier of skills included “Identify and investigate the 
key elements of an immune response,” “Describe techniques 
used to measure or identify effector functions of immune 
components,” and “Isolate and identify key cells and tissues 
involved in an immune response.” Lastly, “Identify method-
ologies that manipulate the immune system” and “Explain 
how gene expression changes during an immune response 
to an antigen” were ranked together as the least important 
skills for student learning. 

Topics directly related to the lab that were given more 
time by instructors in courses with a laboratory component 
(Immunologist’s Toolbox, Diagnostic Tools, Transplantation, 
and Cell Culture), were further investigated for correlation 
with the ranked importance of skills for student learning in 
a laboratory setting (Table 4). “Identify and investigate the 
key elements of an immune response” was positively cor-
related with high scores for time spent on the Immunolo-
gist’s Toolbox, and “Describe techniques used to measure 
or identify effector functions of immune components” was 
positively correlated with time spent on both the Immu-
nologist’s Toolbox and Diagnostic Tools. Unexpectedly, 
there was a negative correlation between time spent on 
Diagnostic Tools and the ranked importance of “Explain 

FIGURE 2. Geographical distribution of survey respondents. The survey respondents were distributed throughout the world, with most 
respondents located on the North American continent (A), four respondents located one the Australian continent (B). The latitude and 
longitude data from Qualtrics survey was used for plotting these maps using Microsoft Excel’s 3D Map feature. 



Downloaded from www.asmscience.org by

IP:  137.166.83.8

On: Sun, 09 May 2021 22:22:30

Journal of Microbiology & Biology Education  

 BRUNS et al.: CURRICULAR EMPHASIS IN UNDERGRADUATE IMMUNOLOGY

Volume 22, Number 16

FIGURE 3. (A) Mean (±1 SE) rank of time allocation of curricula to individual subtopics in immunobiology, analyzed by one-way ANOVA fol-
lowed by Student-Newman-Keuls post hoc pairwise comparisons. Shared letters above bars indicate no significant difference (p > 0.05). (B) 
Proportion of rankings for each subtopic. Sample sizes varied slightly among categories: n=82 (vaccines), n=85 (historical overview, metabolic 
demands of the immune system, tumor immunology, evolutionary aspects of immunology, host–pathogen interactions, mucosal immunol-
ogy), n=86 (hypersensitivity disorders, immunology-based diagnostic tools, molecular mechanisms of immune responses, transplantation, cell 
culture, antibody purification), and n=87 (immunologist’s toolbox, adaptive immune system, innate immune system, autoimmune disorders).
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TABLE 1.  
Differences between those currently teaching versus those not currently  
teaching immunology on the proportion of time allocated to subtopics.

Topic Teaching Status N Mean SE t (df) p

Historical overview Teaching 47 1.8936 0.06326 1.895 (83) 0.062

Not teaching 38 1.7105 0.07456

Vaccines Teaching 45 2.5111 0.10358 0.948 (79) 0.346

Not teaching 36 2.3611 0.12053

Immunologist’s toolbox Teaching 48 2.6042 0.11037 3.061 (85) 0.003

Not teaching 39 2.0769 0.1344

Innate immune system Teaching 48 3.0833 0.09337 1.673 (85) 0.098

Not teaching 39 2.8462 0.10734

Adaptive immune system Teaching 48 3.5833 0.09337 3.126 (85) 0.002

Not teaching 39 3.1026 0.12616

Autoimmune disorders Teaching 48 2.4583 0.09856 1.562 (85) 0.122

Not teaching 39 2.2308 0.10686

Hypersensitivity disorders Teaching 48 2.3958 0.10202 2.339 (84) 0.022

Not teaching 38 2.0263 0.12214

Metabolic demands of the immune 
system

Teaching 48 1.3958 0.0773 0.142 (83) 0.887

Not teaching 37 1.3784 0.09766

Tumor immunology Teaching 47 2.1915 0.10813 3.676 (84) <0.001

Not teaching 38 1.6053 0.11649

Immunology-based diagnostic tools Teaching 48 2.1875 0.10592 1.805 (84) 0.075

Not teaching 38 1.8947 0.12389

Evolutionary aspects of immunology Teaching 48 1.6875 0.09010 2.102 (83) 0.039

Not teaching 37 1.4054 0.09848

Molecular mechanisms of immune 
responses

Teaching 48 2.9167 0.12921 1.341 (84) 0.184

Not teaching 38 2.6316 0.17456

Transplantation Teaching 48 2.1250 0.09237 1.141 (84) 0.257

Not teaching 38 1.9474 0.13036

Host–pathogen interactions Teaching 48 2.8542 0.12975 0.200 (83) 0.842

Not teaching 37 2.8108 0.18108

Mucosal immunology Teaching 48 2.2500 0.10940 1.220 (83) 0.226

Not teaching 37 2.0270 0.15249

Cell culture Teaching 47 1.6596 0.10214 1.120 (83) 0.266

Not teaching 38 1.4737 0.1346

Antibody purification Teaching 48 1.3958 0.07133 0.893 (84) 0.375

Not teaching 38 1.2895 0.09913

Data are depicted using a Likert scale of 1=none, 2=small proportion, 3=considerable proportion, 4=large proportion, 5=most of the 
course. Statistically significant differences (p < 0.05) are in bold.
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TABLE 2.  
Effect of having ³10 years of experience teaching immunobiology  

versus <10 years of experience on the proportion of time allocated to subtopics.

Topic
Teaching 

Experience 
(years)

N Mean SE t (df) p

Historical overview >10 38 1.8684 0.06716 1.045 (83) 0.299

<10 47 1.7660 0.06944

Vaccines >10 38 2.5000 0.10500 0.662 (79) 0.510

<10 43 2.3953 0.11595

Immunologist’s toolbox >10 39 2.4359 0.1207 0.682 (85) 0.497

<10 48 2.3125 0.13032

Innate immune system >10 39 3.1282 0.09132 1.944 (85) 0.055

<10 48 2.8542 0.1031

Adaptive immune system
>10 39 3.4615 0.12098 1.053 (85) 0.295

<10 48 3.2917 0.10718

Autoimmune disorders >10 39 2.3846 0.10783 0.347 (85) 0.729

<10 48 2.3333 0.10024

Hypersensitivity disorders
>10 39 2.3590 0.11315 1.440 (84) 0.154

<10 47 2.1277 0.11223

Metabolic demands of the immune 
system

>10 38 1.4737 0.09034 1.273 (83) 0.206

<10 47 1.3191 0.08108

Tumor immunology >10 39 2.0513 0.13219 1.326 (83) 0.188

<10 46 1.8261 0.10903

Immunology-based diagnostic tools
>10 39 2.1538 0.11346 1.069 (84) 0.288

<10 47 1.9787 0.11577

Evolutionary aspects of 
immunology

>10 39 1.7436 0.10847 2.501 (83) 0.014

<10 46 1.4130 0.07971

Molecular mechanisms of immune 
responses

>10 39 3.0000 0.16013 1.822 (84) 0.072

<10 47 2.6170 0.13789

Transplantation >10 39 2.2821 0.12155 2.889 (84) 0.005

<10 47 1.8511 0.09114

Host–pathogen interactions
>10 38 3.1053 0.15454 2.328 (83) 0.022

<10 47 2.6170 0.1412

Mucosal immunology >10 39 2.3590 0.11897 2.130 (83) 0.036

<10 46 1.9783 0.12999

Cell culture >10 39 1.6667 0.12367 1.005 (83) 0.318

<10 46 1.5000 0.11099

Antibody purification >10 39 1.3846 0.08705 0.549 (84) 0.584

<10 47 1.3191 0.08108

Data are depicted using a Likert scale of 1=none, 2= small proportion, 3=considerable proportion, 4=large proportion, 5=most of the 
course. Statistically significant differences (p < 0.05) are in bold.



Downloaded from www.asmscience.org by

IP:  137.166.83.8

On: Sun, 09 May 2021 22:22:30

Journal of Microbiology & Biology Education  

 BRUNS et al.: CURRICULAR EMPHASIS IN UNDERGRADUATE IMMUNOLOGY

9Volume 22, Number 1

TABLE 3.  
Effect of courses that include a lab versus no lab on the proportion of time allocated to subtopics.

Topic Lab N Mean SE t (df) p

Historical overview Lab 36 1.8056 0.0669 0.185 (74) 0.853

No Lab 40 1.8250 0.07916

Vaccines Lab 35 2.3714 0.11657 0.989 (72) 0.326

No Lab 39 2.5385 0.12098

Immunologist’s toolbox Lab 36 2.6389 0.13889 2.753 (75) 0.007

No Lab 41 2.1220 0.12685

Innate immune system Lab 36 2.9444 0.09714 0.044 (75) 0.965

No Lab 41 2.9512 0.11556

Adaptive immune system
Lab 36 3.3333 0.11269 0.326 (75) 0.745

No Lab 41 3.3902 0.13009

Autoimmune disorders Lab 36 2.2778 0.09437 0.424 (75) 0.673

No Lab 41 2.3415 0.11375

Hypersensitivity disorders
Lab 36 2.2500 0.11530 0.607 (75) 0.545

No Lab 41 2.1463 0.12377

Metabolic demands of immune 
system

Lab 36 1.4444 0.08399 1.035 (75) 0.304

No Lab 41 0.08861

Tumor immunology Lab 36 2.0556 0.12564 1.306 (74) 0.195

No Lab 40 1.8250 0.12345

Immunology-based diagnostic pro-
cedures

Lab 36 2.2778 0.14699 2.593 (75) 0.011

No Lab 41 1.8293 0.09817

Evolutionary aspects of immunology
Lab 36 1.6389 0.10655 1.072 (75) 0.287

No Lab 41 1.4878 0.09319

Molecular mechanisms Lab 36 2.7778 0.15992 0.012 (75) 0.991

No Lab 41 2.7805 0.16569

Transplantation Lab 36 2.1944 0.11141 2.394 (75) 0.019

No Lab 41 1.8293 0.10420

Host–pathogen interactions
Lab 35 2.9143 0.13824 0.917 (74) 0.362

No Lab 41 2.7073 0.17195

Mucosal immunology Lab 36 2.2778 0.13576 1.633 (74) 0.107

No Lab 40 1.9750 0.12653

Cell culture Lab 35 1.8857 0.15756 3.595 (74) 0.001

No Lab 41 1.2927 0.07194

Antibody purification Lab 36 1.4444 0.10114 1.911 (75) 0.060

No Lab 41 1.2195 0.06545

Data are depicted using a Likert scale of 1=none, 2= small proportion, 3=considerable proportion, 4=large proportion, 5=most of the 
course. Statistically significant differences (p < 0.05) are in bold.
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FIGURE 4. (A) Mean ± SE importance of skills for student learning in a lab setting on a scale from 1 (not at all important) to 5 (extremely 
important). Shared letters above bars indicate no significant difference (p > 0.05) by Student-Newman-Keuls post-hoc pairwise comparisons. 
(B) Breakdown of rankings by category. Categories (skills) include: i) Use best practices in an immunology laboratory (Best practices); ii) 
Explain how antigen-antibody interactions can be used to measure and detect antigen (Antigen-Antibody); iii) Identify and investigate the 
key elements of an immune response (Key elements); iv) Describe techniques used to measure or identify effector functions of immune 
components (Effector functions); v) Isolate and identify key cells and tissues in the immune system (Cells Tissues); vi) Identify methodologies 
that manipulate the immune system (Manipulate); and vii) Explain how gene expression changes during an immune response to an antigen 
(Gene expression). Sample sizes, n=58–60. 
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how gene expression changes during an immune response 
to an antigen,” which may be due in part to differences in 
the types of assays, such that “immunology-based diagnostic 
procedures” is likely thought to cover serological assays 
while changes in gene expression are generally thought to 
be investigated by molecular assays, and are perhaps taught 
in other molecular biology-focused courses. 

Role of Vision and Change core competencies for 
student learning in the context of immunology

The development of specific competencies that are 
critical for advancing student understanding and application 
of science are described in the Vision and Change in Under-
graduate Biology Education report (13). Survey respondents 
were asked to indicate their perceived importance of these 
competencies in student learning in the context of immu-
nology (Fig. 5). The ability to apply the process of science was 
ranked highest in importance, followed by both the ability 
to communicate and collaborate with other disciplines and 
the ability to understand the relationship between science 
and society. The ability to use quantitative reasoning was 
ranked next, with the ability to use modeling and simulation 
in immunology ranked the lowest in importance. Further 
analysis revealed no significant correlation (positive or nega-
tive) of the perceived importance of core competencies 
and time spent on the lab-related topics Immunologist’s 
Toolbox, Diagnostic Procedures, and Cell Culture (data not 
shown). Importantly, although the availability of a laboratory 
component offered with a course influenced the proportion 
of time spent on some topics (Table 3), it did not influence 
the perceived importance of the core competencies (data 
not shown). 

Taken together, these data reveal consensus on some 
large-picture topics for inclusion in an introductory course 
in immunology for undergraduates, but significant effects 

were detected for instructor experience and whether or 
not the course is associated with a laboratory component.

DISCUSSION

The identification of core topics is essential for estab-
lishing a foundation upon which to build a course. In any 
discipline, the identification of core topics can be difficult, 
but especially so in fields with rapid expansion of informa-
tion or those with complex subject matter that requires 
multi-disciplinary knowledge. An important first step in this 
process is the assessment of valued content by practicing 
educators in the field. Immunological training has historically 
been reserved for the graduate level, and as such, there has 
yet to be significant discussion or consensus among immu-
nology educators about core topics to form the foundation 
of undergraduate introductory or advanced, topic-specific 
courses in immunology. This study sought to identify and 
describe topics currently taught in immunology courses and 
the degree to which they are time-prioritized by educators.

There is consensus in time prioritization-based 
ranking of which topics to include in an introductory 
immunology course and the general emphasis that each 
topic should receive. The topics identified in this report 
that had the greatest consensus (Adaptive Immune System, 
Innate Immune System, Host–Pathogen Interactions, and 
Molecular Mechanisms of Immunological Responses) were 
those that encompass several aspects of basic immunologic 
principles. The uniform emphasis on principles related to 
understanding the normal function of the immune system is 
not entirely surprising and likely reflects the fact that these 
topics constitute the foundation upon which students can 
begin to apply their understanding of the immune system 
to health and disease. Although these results likely reflect 
the perceived value of these content topics by the broader 

TABLE 4.  
Pearson correlation coefficients for scores on topics that were related to the effect of having  

a laboratory component in the course (Immunologist’s Toolbox, Diagnostic Tools, Cell Culture)  
and subsequent ratings on the importance of laboratory skills for student learning.a

 Toolbox Diagnostics Cell Culture

Topic r p n r p n r p n

Key elements 0.277* 0.035 58 0.21 0.113 58 0.122 0.367 57

Cell tissues 0.128 0.335 59 0.248 0.058 59 0.162 0.225 58

Effector functions 0.374 0.004 59 0.259 0.047 59 0.182 0.172 58

Antigen-antibody 0.122 0.355 60 0.228 0.08 60 –0.154 0.245 59

Gene expression –0.161 0.223 59 –0.308 0.018 59 –0.089 0.508 58

Manipulate –0.017 0.900 59 –0.14 0.29 59 0.076 0.569 58

Best Practices 0.023 0.861 60 0.114 0.384 60 –0.056 0.676 59
a Values in boldface indicate p<0.05. 
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FIGURE 5. (A) Mean ± SE rankings of importance of core competencies for student learning in the context of immunology on a scale from 1 
(not at all important) to 5 (extremely important). Shared letters above bars indicate no significant difference (p > 0.05) by Student-Newman-
Keuls post-hoc pairwise comparisons. (B) Breakdown of rankings by category. Categories (competencies) include: i) Ability to apply the 
process of science (Process); ii) Ability to communicate and collaborate with other disciplines (Comm & Collab); iii) Ability to understand 
the relationship between science and society (Sci & Society); iv) Ability to use quantitative reasoning (Quant Reason); and v) Ability to use 
modeling and simulation (Model & Sim). Sample sizes, n=67–68. 
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immunology educator community, it is also possible that 
they were chosen because of their broad applicability for 
various student cohorts—pre-medicine, pre-allied health 
professions and research-bound—or, alternatively, because 
textbooks have prioritized these topics. Importantly, the 
comprehensive nature of these four topics means that 
subtopics included by individual instructors could be quite 
variable, highlighting the need for in-depth analysis of the 
content covered in each of the four topics. 

Equally important is the analysis of factors influencing 
the prioritization of topics taught in an immunology course. 
Institution type and student population had no effect on 
the emphasis placed on topics, suggesting that topics are 
being selected in courses at primarily undergraduate insti-
tutions versus institutions offering masters or doctorate 
degrees similarly, as well as at both the undergraduate 
and graduate levels. However, instructor bias is linked 
to those who currently teach and those who have long-
term teaching experience. The Immunologist’s Toolbox, 
Hypersensitivity Disorders, Tumor Immunology, and 
Evolutionary Aspects related to immunology were given 
greater emphasis by instructors currently teaching a course 
than those not currently teaching. Instructors with 10 or 
more years of teaching experience placed greater emphasis 
on Host–Pathogen Interactions, Mucosal Immunology, 
Transplantation, and Evolutionary Aspects of Immunology 
than instructors with fewer than 10 years of experience. 
Importantly, bias towards these topics did not supersede 
the emphasis placed on the Adaptive Immune System and 
Innate Immune System. These findings may reflect the fact 
that instructors adapt to include more advanced content 
or the application of foundational concepts based on their 
own familiarity with the subject, or based on their percep-
tion that more advanced, applied information significantly 
benefits the student population in a course. 

Indeed, a limitation to this analytical methodology is 
that the survey did not ask about the length of the course 
being taught or specific course goals (targeted knowledge for 
specific student populations), or instructors’ areas of interest, 
which are among the important factors in selection of core 
topics for a course (30). Furthermore, emerging topics in 
immunology, such as Evolutionary Aspects related to immu-
nology and Metabolic Demands of the Immune System, are 
among the least covered topics in courses taught by our pool 
of respondents. These findings may reflect the prioritization 
of topics when constrained by time, but may also suggest that 
widespread knowledge of, or interest in, such niche or newly 
emerging topics by immunology educators is limited. It is also 
important to note that evolution and immunometabolism 
are not standard topic headings in common immunology 
textbooks, again reflecting the influence textbooks may have 
in directing course content or possibly highlighting a lack of 
instructor resources on these topics. 

Bioscience graduates require several skills which can be 

broadly classified as transferrable skills and technical skills. 
A survey by Thompson et al. (2018) identified technical skills 
that are considered important for undergraduate life science 
programs (31). However, 47% of respondents identified that 
they did not have a lab associated with their immunology 
course. Several factors may influence an educator’s ability 
to have a lab component within an immunology course, 
including: 1) laboratory space available to set up and run 
an immunology lab; 2) other courses within the curriculum 
that may cover immunoassays or related techniques; 3) 
resources for cost-efficient immunology lab activities; and 
4) undergraduate student access to immunology-focused 
research labs on campus. Although some technical labora-
tory skills that are taught in other laboratory classes can 
apply to immunological settings, such as cell culture or 
Western blotting, it is also important to teach these skills 
in the context of immunology, and to include immunology-
centric techniques, such as flow cytometry and Enzyme-
Linked ImmunoSorbant Assay (ELISA). It can be argued that 
immunology labs, if available to instructors, can provide an 
excellent platform to impart desirable skills and competen-
cies, including transferrable skills through team work and 
collaboration on interdisciplinary projects. 

An approach that focuses on conceptual, outcome-
focused understanding and not just factual knowledge 
has been emphasized previously through national calls for 
action (13, 32). To address such a call, many educators 
and professional, discipline-specific societies have laid out 
course-design frameworks based on the backward-design 
or integrated-course design approach (33) that emphasize 
concepts over textbook content (34–36). The advantages 
of adopting such outcome-focused, student-centered 
approaches are numerous, including promoting equity 
in STEM education (37, 38). A study published last year, 
involving students from 20 institutions, demonstrated the 
importance of measuring student understanding of core 
concepts at various stages in a biology program to enhance 
student performance and highlighted the value of assessing 
core concepts not only at the course but also at the program 
level (14). Based upon Couch et al. (14), it is clear that iden-
tifying core concepts and evaluating student understanding 
of these concepts using appropriate tools, such as concept 
inventories or learning progressions, are key to identifying 
aspects of the course or program that need further devel-
opment or improvement.

In conclusion, data from this study identify content, 
skills, and competencies that are time-prioritized and consid-
ered important, respectively, in undergraduate immunology 
education. This is an important first step in identifying cur-
rent practices in the immunology classroom that will be 
informative for immunology educators in the development 
of resources such as a statement of fundamental concepts 
and concept inventories that have been integral in the edu-
cational practices of other science disciplines.
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