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ABSTRACT

OBJECTIVES: Students and residents rotating through infectious diseases (ID) electives are instructed primarily by participation in rounds and
clinics, with teaching focused on diseases encountered. This “you get what you get” approach allows learners to apply knowledge directly to
patient care, however, may miss topics encountered in standardized testing. This multisite study investigates the use of asynchronous web-
based learning modules and its impact on student and resident knowledge.

METHODS: Students and residents rotating through an ID elective were assigned to their standard elective (old) or asked to complete asynchron-
ous web-based learning modules in addition to the standard curriculum (new). Learners submitted pre- and post-tests and scores were tabulated.
In the following academic year, learners at the host site were provided the learning modules and a post-elective survey.

RESULTS: Nine learners (100%) completed the pre-test and 5 (55.6%) completed the post-test in the standard (old) curriculum group, while 15
(100%) completed the pre-test and post-test in the new curriculum group. The mean percentage change in accuracy was 9% and 5.3% in the old
and new curricula, respectively. Most (94%) survey respondents recommended continued use of the curriculum and expansion to other subspe-
cialty electives.

CONCLUSIONS: Subspecialty electives have multiple purposes including assisting learners in exploring careers, providing a well-rounded med-
ical experience, or preparing learners for content in standardized tests. Consistent curricula are not always provided with electives to supplement
the clinical experience. Our web curriculum was well-received with perceived knowledge gain, though with very small pre-post-test groups a
score improvement could not be determined. An asynchronous online curriculum for learners in ID was feasible and well-received among faculty,
and learners felt their knowledge was enhanced. Content areas supplemented those encountered during the ID elective. While an improvement in
post-test scores was not demonstrated, learners and faculty felt modules were beneficial.
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Introduction
Medical students and internal medicine (IM) residents have the

opportunity to complete elective rotations in infectious diseases

(ID) and other IM subspecialties.1 Goals for these electives are

multifaceted; in some instances, they help learners investigate

career options and in others, they are directed to help prepare

learners for associated content in standardized exams.2 While

curriculums differ by institution, students and residents rotating

through subspecialty clinical electives often learn by participa-

tion in clinic and hospital rounds, with teaching focused on

the disease processes encountered.3,4 This “you get what you

get” approach is different from the curriculum in the first

three years of a traditional four-year medical school curriculum

which includes well-defined learning objectives and curricula

focused on preparation for standardized exams including

United States Medical Licensing Examination (USMLE)

and National Board of Medical Examiner (NBME) Shelf

Examinations. Learning objectives and curricula for subspeci-

alty electives are often ill-defined.3 At the medical school

level, there is little guidance on what learning objectives or

topics a subspecialty elective experience should cover. These

are often left entirely to the discretion of the institutional div-

ision hosting the elective. At the graduate medical education

(residency) level, the Accreditation Council for Graduate

Medical Education (ACGME) provides limited guidance on

this matter and recommends IM program directors identify

board-certified faculty to serve as “subspecialty education coor-

dinators” who will be accountable for the coordination of the

residents’ subspecialty educational experiences in that subject

area.2 Within a subspecialty division, the approach to teaching
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senior medical students and IM resident trainees also varies

from the teaching directed to the division’s subspecialty

fellow trainees. Fellows have a dedicated, all-encompassing cur-

ricula to prepare them for independent subspecialty practice and

subspecialty board exams. Fellow-level conferences are pre-

sented at a more advanced level and over a longer period of

time (1–3 years), limiting the utility of these conferences in

meeting the educational needs of student and resident learners

(rotating days to 1 month). The ACGME has program

requirements for the subspecialties themselves; however, these

offer little to no instruction regarding optimal learning goals

for medical students or IM resident learners, suggesting only

that these learners do not interfere with fellow-level education.5

There is variable data on the impact of subspecialty electives

on standardized test scores. Some studies have failed to identify

a statistically significant relationship between elective exposure

and subspecialty American Board of Internal Medicine

(ABIM) score reports in an academic IM residency program;

although electives varied as to inclusion of pre- and post-

testing, required reading, and subspecialty conference exposure.

In this same study, there was also not a statistically significant

relationship between repeated elective exposures in a single spe-

cialty and ABIM performance suggesting quantity of time per

elective may not promote additional gains in medical knowl-

edge.2 Small studies of subspecialty electives have demonstrated

that rotations with well-defined learning objectives can lead to

an improvement in standardized test scores3,4 and in medical

knowledge related to the rotation objectives among residents.5,6

In-training exam (ITE) scores can be improved by multiple-

choice testing curricula, IM core conference attendance, and

time spent in independent reading on medical topics.7–11

Previous studies have also indicated that performance on the

IM ITE predicts performance on the ABIM examination,12

therefore, initiatives that improve IM ITE scores may also

lead to improved ABIM scores. While performance on standar-

dized testing such as the USMLE and the ABIM examinations

are not the only measure of competency for medical school or

residency, successful completion of these exams with a

passing score is imperative to the success of both medical stu-

dents and residents as well as their respective institutions.

The prevalence of the “you get what you get” curriculum is

not entirely clear, as it is unknown what percentage of IM

Subspecialty Electives already have dedicated curricula for

rotating students and residents. A 2018 SurveyMonkey®

inquiry of IM Residency and ID fellowship program directors

across the United States recruited through the Association of

Program Directors in Internal Medicine (APDIM) discussion

forum and via email to ID fellowship program directors was

conducted to assess needs related to ID elective didactic curric-

ula. In total, 56 surveys were received; 39 were from IM resi-

dency program directors and 17 were from ID fellowship

program directors. Response rate could not be accurately calcu-

lated due to the fluid membership and use of the forum. Only

31 (55%) of respondents reported dedicated didactic curricula

for residents, and only 17 (30%) reported dedicated didactic

curricula for fourth-year students (unpublished data).

The primary aim of this study was to investigate whether a

dedicated online curriculum for fourth-year students and IM

resident subspecialty learners in ID would (1) increase

medical knowledge and (2) provide a feasible and useful supple-

mental curriculum for ID elective learners and faculty.

Methods
Using the Wix.com platform, a website, www.jayhawkid.com

was created to house 11 ID modules: human immunodeficiency

virus (HIV), sexually transmitted diseases (STDs), hospital-

acquired infections, upper respiratory tract infections,

community-acquired pneumonia, central nervous system infec-

tions, endocarditis, osteomyelitis, antibiotics, tuberculosis, and

immunocompromised infections. Nine of the 11 topics selected

were chosen given their inclusion in the American College of

Physicians Internal Medicine Essentials for Students text, and

2 additional topics (Antibiotics and Immunocompromised infec-

tions) were added based on comments from students rotating

through the host ID elective. Each topic included in the web cur-

riculum had a downloadable, editable PowerPoint file as well as

an accompanying voiceover PowerPoint video with associated

clinical practice guideline links as applicable. Each module was

designed to take less than 45 min to complete. An asynchronous

web platform was chosen given the variable and overlapping

schedules of learners and time constraints of a repeated syn-

chronous curriculum. Cases and an Individual Readiness

Assurance Test (IRAT), a short formative question set ensuring

learners attained concepts from the material, were included to

make the resources as interactive as possible.13 The PI’s email

was included on the site for questions and comments as well.

Participants were informed of the study via email and asked to

move forward with voluntary survey completion if they consented

for participation. This study was approved on October 15, 2020,

by the University of Kansas Medical Center (KUMC) Human

Research Protection Program under the KUMC Policy for

Flexible IRB Review, IRB# STUDY00146427. Subjects

included fourth-year medical students and IM residents rotating

through a clinical ID elective block in three different academic

medical centers in the United States over a 12-month period

(2019–2020). Learners were excluded from data collection if

their rotation time was less than five days as this was thought

to be insufficient time to complete the online curriculum when

combined with the standard, concurrent clinical elective commit-

ments; rotations varied from 5 days to 1 month. Prior to the start

of the clinical ID elective, learners were provided with an email

notification of the study and a web link for the online curriculum

which could be accessed upon completion of a 20-multiple

choice question (MCQ) pre-test (Supplementary 1) related to

material in the curriculum. This test was piloted for clarity to

ten students at the host institution. The online curriculum
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consisted of 11 modules, which cover a range of ID subjects. In

this prospective cohort study, learners in alternating blocks were

assigned to the supplemental curriculum (standard clinical rota-

tion plus curriculum) and the comparison group completed the

standard clinical rotation only. Alternating blocks were chosen

to account for expected medical knowledge acquisition expected

during an academic year. Students exposed to the curriculum

were asked to complete the modules at their own pace before

the conclusion of their elective block. On the last day of their

rotation, all learners were asked to complete an identical MCQ

post-test. For students in the comparison group, access was pro-

vided to the web curriculum at the conclusion of their elective for

future reference or to study from independently, as desired.

Statistical analysis

Individual pre-post-test changes, pre-test scores and post-test

scores as well as pre-post-test absolute and relative improve-

ment in scores were summarized by group (intervention,

control) using means and 95% confidence intervals. Any

unanswered questions on a partially completed test were

assumed incorrect. Any tests not started were assumed

missing (Table 1). Scores were also plotted for comparison.

Data review was completed by the University of Kansas

Department of Biostatistics and Data Science.

To evaluate the second aim, in the subsequent academic year

(2020–2021), learners in the clinical ID elective at the host aca-

demic institution were enrolled in the standard plus online curric-

ulum group and invited to complete a brief survey using a 5-point

Likert scale to evaluate their satisfaction with the online curric-

ulum. Responses were obtained via a SurveyMonkey® link on

the curriculum website. The survey assessed the learners’ general
satisfaction with the online curriculum, topics, platform, and self-

assessed learning using themodules. At the conclusion of the study

period, the ID elective faculty (faculty and subspecialty fellows)

were asked to complete a satisfaction survey (Supplementary 2)

addressing general feasibility of and satisfaction with the ID

online curriculum for teaching purposes within the elective. For

both parts of the study use of the curriculum was voluntary with

use self-reported via the satisfaction survey. Participants were

informed of the study via email and asked to move forward with

voluntary survey completion if they consented for participation.

The study was reviewed and approved by the University of

Kansas Medical Center (KUMC) Human Research Protection

Program under the KUMC Policy for Flexible IRB Review.

The Authors declare that there was no conflict of interest.

Results

Medical knowledge scores

Nine learners in the standard (old) curriculum group (100%)

completed the pre-test and five (55.6%) completed the post-test.

The mean number of correct responses in the pre-test was 11.4

out of 20 questions. The mean number of correct responses in

the post-test was 14 out of 20 questions. The mean number of

correct responses change from the pre- to post-test was 1.8.

The mean percentage of questions correct in the pre-test was

57.2% and the mean percentage of questions correct in the

post-test was 70%, with a mean percent change of 9%.

Fifteen learners in the standard plus online (new) curriculum

group (100%) completed the pre-test and 15 (100%) completed

the post-test. The mean number of correct responses in the

pre-test was 10.7 out of 20 questions. The mean number of

correct responses in the post-test was 11.7 out of 20 questions.

The mean number of correct responses change from the pre-

to post-test was 1.1. The mean percentage of questions correct

in the pre-test was 53.3% and the mean percentage of questions

correct in the post-test was 58.7% with a mean percent change of

5.3%. Individual pre-post-test changes and pre-post absolute and

relative improvement in scores were also plotted (Figure 1).

Survey results

Of the learners who participated in the standard plus online

(new) curriculum during the 2020–2021 academic year, 38/48

(79%) completed the satisfaction survey (indicating completion

Table 1. Summary statistics of medical knowledge scores.

DOMAIN OLD CURRICULUM, MEAN (95% CI) NEW CURRICULUM,

MEAN (95% CI)

ABSOLUTE DIFFERENCE,

MEAN (95% CI)

Number of questions correct out of 20

Pre-test n = 9 11.4 (10.2, 12.7) n = 15 10.7 (9.3, 12.1) −0.8 (−2.5, 1)

Post-test n = 5 14 (11.8, 16.2) n = 15 11.7 (10.4, 13.1) −2.3 (−4.5, 0)

Change n = 5 1.8 (−0.2, 3.8) n = 15 1.1 (−0.4, 2.5) −0.7 (−2.9, 1.5)

Precent of questions correct out of 20

Pre-test n = 9 57.2 (51.1, 63.3) n = 15 53.3 (46.3, 60.4) −3.9 (−12.7, 4.9)

Post-test n = 5 70 (59.2, 80.8) n = 15 58.7 (51.9, 65.4) −11.3 (−22.5, −0.2)

Change n = 5 9 (−1.2, 19.2) n = 15 5.3 (−2, 12.6) −3.7 (−14.6, 7.3)

Miller et al 3



of at least one module) which included questions regarding ease

of use and perceived knowledge gains (Table 2). All survey

respondents felt their knowledge was enhanced by the curric-

ulum. All participants agreed that the online ID curriculum

was easy to use. The top three topics that participants reported

having the least experience with while on their ID rotations in

(one) institution included tuberculosis (74%), HIV (65%), and

STDs (62%). Most participants agreed that the videos were a

helpful addition to the PowerPoint modules. Most (94%) of

the respondents recommended continued use of the curriculum

and (94%) of the respondents also recommended expansion to

other IM subspecialty electives.

Nineteen of 20 (95%) of ID elective faculty completed the

faculty survey. All respondents agreed that the online curric-

ulum was of value for learners. Most 16/19 (84%) agreed that

the online curriculum made the teaching experience more effi-

cient, and 84% agreed that the curriculum helped reinforce their

teaching regarding topics commonly encountered on the ID

rotation. Most (89%) disagreed that the online ID curriculum

negatively impacted their teaching experience for learners.

Survey comments were uniformly positive and included,

“Students and residents both were impressed with the website

and topics and material quality. Pharm ID has provided to

their pharm students who also reported it to be quite

helpful…”; “The lectures were great for learners to use as a

framework to then delve deeper into the topics as they

applied them to the patients they encountered…the curriculum

is well done”; “An excellent tool for students to use as an initial

reference and for us to refer them to”; “Feedback from resident/

student learners very positive. I have pulled site up during dis-

cussion time and reviewed with the learner”; “The online cur-
riculum was very helpful to ensure learners had a good resource

for commonly encountered ID topics. It also provides me with a

good framework to ensure I discussed a broad range of topics

with my students”; “Great resource for all students, gives

them a different way to learn other than on wards. Helps

them focus on ‘big pictures’”; “Online curriculum is well struc-

tured and covers good basic ID topics…I need to remember to

use it as a supplemental resource more frequently.”

Discussion
While the ACGME requires clinical experiences in each of the

IM subspecialties, it does not dictate the length or content of

these experiences.1 The Liaison Committee on Medical

Education (LCME) Data Collection Instrument, the main

report documentation metrics of the LCME for Medical

School Institutions, does not require course-level details for

fourth-year electives. The LCME requires only that the curric-

ulum offers electives to supplement core required experiences

for exposure to non-core specialties and pursue personal aca-

demic interests (standard 6.5).14 This online curriculum was

developed to fill a gap in didactic curricula for medical

student and resident learners on ID elective rotations identified

through our national needs assessment survey (unpublished

data). The online modules offer materials that can be used to

supplement topics encountered during experiential learning

encountered on the rotation or during other conferences.

They cover core ID topics and provide a framework around

which students can organize information. The modules can

Table 2. Satisfaction survey.

Satisfaction survey questions

The online ID curriculum was easy to use.

The podcasts were a helpful addition to the PowerPoint modules.

My knowledge in the ID specialty area was enhanced by the
online ID curriculum.

I would recommend continuation of the online ID curriculum.

I would recommend online curriculums for other subspecialty
electives.

Additional comments (examples)

“I really liked the curriculum and think other specialties should
do it too! The antibiotic lecture was super helpful to do before
starting the rotation because day one you will be exposed to so
many different antibiotics its helpful to have that video as a
starting point and reference”

“The online curriculum was helpful in guiding conversations
during my ID rotation. The fellow I worked with would have me
watch a video each day so we could have a discussion about it.
It helped reinforce the knowledge I was gaining on the wards”

“It was very helpful to have this curriculum while on the ID
rotation. It was useful when needing to refresh on topics and to
know a bit more about management. It gave me a good starting
point in my learning while on this rotation. I also watched a
majority of the videos the weekend prior to starting my rotation.
This helped immensely to prepare for the rotation”

Figure 1. Individual pre-post-test changes.
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be used for self-directed study or as structured presentation

materials for faculty to use during in-person teaching sessions

and included an optional pre-post-test and IRAT. Small

enrollment numbers in this study given the limiting factors of

response rates for pre and post-tests as well as the effect of

the COVID-19 pandemic on elective rotation meant that the

study was not powered as originally designed to conduct

planned statistical analyses. Feedback, however, was favorable.

In part 2 of the project, survey data suggested the supplemental

online ID curriculum was well-received and easy to access. This

result is similar to a prior online ID curriculum that was well-

received among learners.3 Our curriculum adds to the existing

resources in that our curriculum includes both presentation

slides as well as videos and a pre-post-test; the addition of

videos was primarily related to feedback from medical students

who favor video as the modality of choice for pre-learning at the

host institution. Our curriculum covers topics commonly

encountered on standardized exams and adds five additional

content areas not currently covered through other free, online

ID modules geared toward the student or resident learner.

We focused on keeping the modules short (<45 min), and in

revised editions shortened the videos into portions <20 min

each so that they could be more easily watched within a

consult day. Notably, our curriculum also covers three topics

identified by learners as areas where they reported little or no

clinical experience during their ID elective (tuberculosis, HIV

and STDs). These commonly tested, but perhaps less often

encountered topics or “you get what you get” from the elective

host institution, may be especially beneficial to include in online

supplemental curricula. These topics would likely vary across

hospital systems, geographic locations, various patient popula-

tions, and inpatient versus outpatient focus. Institutional

needs assessments could identify topics from which learners

may benefit. Additionally, these online modules can serve a

model for further expansion to other elective rotations in the

future to augment the learners’ and faculty experience.

Learners reported that the online curriculum enhanced their

knowledge and experience, though a large limitation of our

study was that it was not powered to conduct statistical analyses

to make comparisons to assess for measurable knowledge gains.

Additionally, demographic data aside from student versus resi-

dent level of learner was not collected. Furthermore, rotation

changes related to the COVID-19 pandemic likely impacted

participation and response rates during a portion of the first

year of the study during the 2019–2020 academic year.

Additionally, participation in the host site was most robust

and this may have been attributed in part to direct involvement

of the primary investigator as teaching faculty during the

elective.

Conclusions
Future directions for subspecialty elective asynchronous curric-

ula include the development and incorporation of an

institutional needs assessment to determine which topic areas

should be emphasized based on typical clinical experiences

during the rotation. This assessment could be hosted on the

online platform for elective course directors to use and subse-

quently assign or suggest modules for students or residents to

supplement their electives. Conducting a similar study in

which more enrollees complete the pre and post-test assess-

ments may result in the ability to conduct accurate statistical

analyses. Further, formative questions could be embedded

into the module to provide learners additional feedback on

understanding the material and for standardized examination

practice as well as addition of links to primary literature for

review on each topic area.
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