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Background and Purpose: Health system science (HSS) has been described as the third pillar of medical education. We introduced 
a new health system science and interprofessional practice (HSSIP) curriculum, and measured students’ HSS knowledge and attitudes 
concerning health system citizenship.
Methods: This pilot study involved first-year (M1) and fourth-year (M4) medical students in two cohorts across 2 years. Only M1 
students in the second cohort participated in the new HSSIP curriculum. We compared student performance on a new National Board 
of Medical Examiners (NBME) HSS subject exam, and student attitudes toward system citizenship via a new attitudinal survey.
Results: Fifty-six eligible fourth-year students (68%) and 70 (76%) study eligible first-year students participated in the study. NBME 
HSS exam performance by M4 students was statistically significantly higher than M1 students for both cohorts, with moderate to large 
effect sizes. Exam performance for M1 students not experiencing the HSS curriculum was higher than for M1 students who received 
HSS curricular content. Attitudes toward HSS by M4 versus M1 students were statistically significantly different on several survey 
items with moderate effect sizes. Scale internal consistency for the HSS attitude survey was strong (0.83 or higher).
Discussion: There were differences among M4 and M1 medical students concerning knowledge of and attitudes toward HSS, with 
performance on the NBME subject exam similar to a national sample. Exam performance by M1 students was likely impacted by class 
size and other factors. Our results support the need for increased attention to HSS during medical education. Our health system 
citizenship survey has potential for further development and cross-institutional collaboration.
Keywords: health systems science, medical education

Introduction
Health systems science (HSS) has been described as the third pillar of medical education, and as being complementary to 
the traditional disciplines of basic and clinical science.1 Introducing HSS content early in the medical school curriculum 
is thought to contribute to learners’ ability to work in teams, enhance understanding of the larger health care delivery 
system, and add value to care during their educational experiences in the clinical setting.2 Further, while interprofessional 
education and collaborative, team-oriented clinical practice are topics that pre-date the current emphasis on HSS, these 
topics are highly synergistic with this emphasis. While HSS has been described as a broader construct that includes 
interprofessional education (IPE),3 this in no way minimizes the importance of IPE; indeed, it has been stated that the 
types of changes needed to both health professions education and health care systems “rely on interprofessional 
approaches to optimize education and value”.4

Additionally, HSS is described as especially relevant to the physician training process and to the critical leadership 
roles that physicians occupy in the delivery of health care. It is suggested that, due to the rapid pace of change in the 
present health care system and the need for greater economic efficiencies in the system, physicians have a duty to become 
system citizens who not only practice clinically but also “view themselves as stewards of the system…. [who] contribute 
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to continuous evolution of the health care system itself to help achieve optimal results for patients and populations”.5 The 
HSS literature contains many references to an expanded role for physicians, who must become practitioners of systems 
thinking and help lead a transformation of our health care systems from the sole provision of clinical care to entities that 
apply “scientific advances…. with the goal of improving the health outcomes of the population”.6 A foundational article 
pertaining to HSS in medicine defines systems thinking as a construct that involves “an awareness of the ‘whole’, not just 
of the parts; and the ability to recognize multidirectional cause-effect relationships with all causes emerging as the effect 
of another system dynamic”.7

Parallel to the call for physicians to play expanded roles in health care systems are also calls for “a re-evaluation of 
health education, which may require changes in curricula and additional competencies…. [including] new curricula that 
encourage team science and interprofessional education”.6 Through its Accelerating Change in Medical Education 
consortium project, the American Medical Association has served as a catalyst for curricular revision processes that 
emphasize the inclusion of HSS in the medical school curriculum.8 The construct of HSS is also consistent with graduate 
medical education, as one of the six general competencies of the physician, systems-based practice, has been promul
gated by the accrediting body for physician residency and fellowship training since 1998.9 A schematic crosswalk 
showing alignment between HSS and other ACGME competencies (professionalism, interpersonal and communication 
skills, practice-based learning and improvement) has also been recently published.10 However, HSS concepts and 
systems-based practice competencies have not been completely congruent and have not been adequately translated 
into workplace practice patterns for resident physicians.11 Finally, it is recognized that an expanded focus on HSS must 
include professional development and ongoing training of practicing clinicians from a variety of disciplines.12 Thus, the 
emphasis on HSS is one that applies across the continuum of physician training, from initial training in medical school 
through residency and/or fellowship training and into continuing professional development/education.

As part of a comprehensive curriculum renewal project described elsewhere,13 our school has embarked upon the 
development of a new, four-year HSS curriculum for medical students, including the incorporation of new content into an 
existing interprofessional education curriculum involving first-year medical, nursing and physician assistant students. In 
partnership with another health professions college wherein we have established a strong foundational curriculum in 
interprofessional education,14 we worked with faculty colleagues to introduce this new content (labeled as health systems 
science and interprofessional practice, or HSSIP) beginning with the fall 2020 semester. The new curriculum will 
eventually encompass all 4 years of the medical school experience. The initial roll out for year 1 provided HSS content in 
a variety of formats including pre-assigned readings, lectures, and small group learning sessions focused on clinical 
scenarios and other topics. Each learning session was built upon specific objectives related to some aspect of HSS. The 
curriculum for year 1 was delivered in four different instructional blocks, and a syllabus for each block specified the 
different HSS topics covered. Topics included in these four blocks were as follows: overview of health system science 
concepts, health care leadership, roles and scopes of professional practice, teamwork in health care, organizational and 
clinical ethics, health care disparities, population health, comparative health systems and US health care policy. The 
course typically involves from 100 to 130 students per year (variable depending on enrollment in the nursing program), 
and approximately 35 different faculty members from a variety of disciplines and backgrounds.

We recognized early in our curriculum reform and evaluation process that the issue of assessment of medical 
students’ knowledge of HSS and attitudes toward system citizenship would be of critical importance. Nearly simulta
neous with our curriculum reform efforts focused on HSS, the National Board of Medical Examiners (NBME) introduced 
a new subject exam on HSS in 2019. The development of the exam was a collaborative effort between the NBME, and 
the American Medical Association consortium of medical schools interested in HSS and related educational reform.15 To 
assess learner knowledge of HSS, we chose to use the new NBME HSS subject exam as part of our pilot study protocol. 
Additionally, we wanted to gain insight into how medical students would view the idea that physicians should become 
system citizens. However, after conducting a literature review, we could find no existing attitudinal survey related to the 
construct of HSS system citizenship, likely because this construct was so new. Thus, we developed a survey that focused 
on what we felt were the key components of system citizenship.
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Our study hypotheses were that medical students who underwent the new HSS curriculum in year 1 would 1) achieve 
higher scores on the NBME subject exam and 2) would exhibit more positive attitudes toward system citizenship when 
compared to our medical students who did not experience the new curriculum.

Materials and Methods
To test these hypotheses, we implemented an IRB-approved pilot study research protocol (Virginia Tech IRB #20-069, 
judged exempt from further review) over a 2-year period. The overall purpose of our study was twofold: to gather 
program evaluation data that would assist curricular leaders in ongoing formative evaluation of the new HSSIP 
curriculum; and to measure baseline and ongoing medical student knowledge and system citizenship attitudes pertaining 
to HSS.

We identified a total of four student groups over two academic years (2019–2020 and 2020–2021) for participation in 
the study as follows:

Study year 1: M4/fourth-year students, no participation in the new HSS curriculum, N=42.
M1/first-year students, no participation in the new HSS curriculum, N=44.

Study year 2: M4/fourth-year students, no participation in the new HSS curriculum, N=40.
M1/first-year students, participated in the new HSS curriculum, N=48.

For two consecutive academic years, all fourth- and first-year students completed the HSS subject exam and system 
citizenship surveys toward the end of their respective academic years. Exams were administered to first-year students at 
the end of a designated exam period, and to fourth-year students during a “transition to residency” curriculum block. 
Approximately 2 weeks ahead of time, students in all groups received email messages which explained the purpose of the 
study. The email messages informed the students that the HSS exam would not be part of any official course grade and 
that advanced study or preparation for the exam was not necessary. They were subsequently provided the identical 
information again, along with the informed consent document, immediately preceding the administration of the exam and 
survey. The consent document informed the students that their completion of the HSS exam and system citizenship 
survey was required for the evaluation of the new HSS curriculum, and asked students to “opt out” if they did not wish to 
include their data in the research study.

The NBME subject exam consisted of approximately 100 multiple-choice items in a single-best-answer format. The 
exam blueprint and scoring categories were reviewed on the NBME website,16 with items being characterized in two 
major groups: HSS core domains (six categories) and HSS cross-cutting domains (five categories). Although the NBME 
Health Systems Science examination is designed to be broadly appropriate as part of overall examinee assessment, we 
recognized that course objectives as reflected in our new HSS curriculum were not perfectly congruent with examination 
content; thus, performance scores were not used in determining grades. However, given that national faculty with 
expertise in health systems science wrote and reviewed the items, we chose to use this exam during our study to provide 
us with an early measure of students’ understanding of health systems science. Moreover, the subject exam provides 
performance feedback including score reports, content area summaries, student performance profiles, and year-end 
reports. Scores are statistically equated across exam administrations, which ensures that all scores have the same 
meaning and are comparable over time on different forms of the same exam. For our analyses, we used 
equated percent correct scores to reflect an examinee’s mastery of the content domain, calculated as a percentage of 
items in the total content domain that were answered correctly based on an examinee’s proficiency level.

The original version of the system citizenship survey consisted of 12 items (see Table 1) and was constructed with the 
intent of assessing student attitudes toward various aspects of HSS. Items were selected based upon a review of several 
existing resources, as well as a literature review which sought to identify how the construct of system citizenship had 
been previously defined and/or measured in the context of health professions education. As part of our review, we 
examined a recently published grid of HSS competencies17; the HSS learning modules offered by the American Medical 
Association18; a published set of milestones for the science of health care delivery at Mayo Medical School19; 
Transitional Year Milestones (2019) as promulgated by the Accreditation Council on Graduate Medical Education20; 
the Entrustable Professional Activities (EPA) list of competencies and other information related to EPA number nine 
(Collaborate as a Member of an Interprofessional Team) and EPA number 13 (Identify System Failures and Contribute to 
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Table 1 Health System Citizenship Scale Virginia Tech Carilion School of Medicine

Item # Original, 12-Item Attitudinal 
Version+*

Revised, 16-Item Version (Part One)* Revised, 16-Item Version (Part Two)*

Please Indicate the Degree to Which 
You Agree with Each of the Following 
Items

Please Indicate the Extent to Which 
You Agree You Have Experienced, 
Observed, or Studied Each of the 
Following Systems Citizen 
Components at VTCSOM

Please Indicate the Extent to Which 
You Agree You are Currently 
Prepared for Each of the Following 
System Components

1 An understanding of health systems science 

impacts how I view the delivery of care to 

patients

Health systems science impacts on the 

delivery of care to patients

Contributing to health systems science 

impacts on the delivery of care to patients

2 Health care is more than a function of the 

individual physician–patient relationship

Health care as more than a function of the 

individual physician–patient relationship

Contributing to health care as more than 

a function of the individual physician– 
patient relationship

3 The design of a health system has a strong 
influence on patient outcomes

The design of a health system having 
a strong influence on patient outcomes

Contributing to the design of a health 
system having a strong influence on 

patient outcomes

4 Year 1: A physician should work with 

others to improve the overall health 

system/Year 2: A physician should work 
with others to improve the processes and 

outcomes of care for specific patient 

groups

Physicians working with others to improve 

the processes and outcomes of care for 

specific patient groups

Working with others to improve the 

processes and outcomes of care for 

specific patient groups

5 A physician should be equipped to help 

patients navigate their way through the 
health system

Physicians equipped to help patients 

navigate their way through the health 
system

Helping patients navigate their way 

through the health system

6 Physicians should serve in leadership roles 
in systems thinking and patient safety

Physicians serving in leadership roles in 
systems thinking and patient safety

Serving in leadership roles in systems 
thinking and patient safety

7 Physicians should sometimes lead a clinical 
team but at other times should defer to 

another health care professional team leader

Physicians sometimes leading a clinical 
team but at other times deferring to 

another health care team leader

Leading a clinical team and at times 
deferring to another health care team 

leader

8 Physicians should identify and address 

systems level factors that contribute to 
ethical dilemmas

Physicians identifying and addressing 

systems level factors that contribute to 
ethical dilemmas

Identifying and addressing systems level 

factors that contribute to ethical 
dilemmas

9 Physicians should discuss medical errors/ 
unexpected outcomes openly to facilitate 

learning and patient understanding

Physicians discussing medical errors/ 
unexpected outcomes openly to facilitate 

learning and patient understanding

Discussing medical errors/unexpected 
outcomes openly to facilitate learning and 

patient understanding

10 Year 1: I can apply the concepts of systems 

thinking to a given patient care scenario/ 

Year 2: The concepts of systems thinking 
should be applied to each patient care 

scenario

The concepts of systems thinking applied 

to each patient care scenario

Applying systems thinking to each patient 

care scenario

11 Systems thinking is required to re-design 

health care to improve the quality and 

safety of care provided

The re-designing of health care using 

systems thinking to improve the quality 

and safety of care provided

Using systems thinking to re-design health 

care to improve the quality and safety of 

care provided

(Continued)
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a Culture of Safety and Improvement), as promulgated by the Association of American Medical Colleges21; and the 
existing M3 clerkship interprofessional education objectives from our medical school curriculum. Our literature review 
identified two key articles that informed the development of our survey: a survey of nursing faculty on efficacy for 
teaching systems thinking to nursing students22; and a validation study of a questionnaire designed to measure students’ 
learning of systems thinking as part of an undergraduate systems engineering program.23

Based on our review of these resources, we constructed the original 12-item version of the system citizenship survey. 
Students were asked to “please indicate the extent to which you agree with each of the following items” using a Likert 
rating scale (1=strongly disagree to 5=strongly agree). All students in both study years completed this version of the 
survey.

The original 12-item attitudinal survey was altered for the second year of the study. Three of the original 12 items 
were re-worded and the survey was expanded to include four additional items, bringing the total number of items to 16 
(see Table 1). The updated version of the survey was approved as a study modification via the IRB review process. The 
modification of the original attitudinal survey meant that we could compare only nine of the items across both study 
years. Students in study year 2 were asked to complete both the revised attitudinal version and the two 16-item versions 
of the survey, which addressed the extent to which students felt that they 1) had experienced HSS concepts as part of their 
medical education and 2) felt prepared for various health system components. This modification of the original survey 
was undertaken to gather more specific information from students as an additional curricular evaluation measure. It was 
felt that the expanded versions of the survey would provide additional insight into the effectiveness of the new HSSIP 
curriculum. The same Likert rating scale was used for all versions of the survey as previously indicated above.

We compared HSS exam scores and survey results between groups of students as shown in Figure 1.

Table 1 (Continued). 

Item # Original, 12-Item Attitudinal 
Version+*

Revised, 16-Item Version (Part One)* Revised, 16-Item Version (Part Two)*

Please Indicate the Degree to Which 
You Agree with Each of the Following 
Items

Please Indicate the Extent to Which 
You Agree You Have Experienced, 
Observed, or Studied Each of the 
Following Systems Citizen 
Components at VTCSOM

Please Indicate the Extent to Which 
You Agree You are Currently 
Prepared for Each of the Following 
System Components

12 Year 1: When I encounter a problem, I use 

multiple viewpoints to understand/analyze 

it/Year 2: When a problem is encountered 
in the clinical setting, multiple viewpoints 

should be used to understand/analyze it

The use of multiple viewpoints to 

understand/analyze when a problem is 

encountered in the clinical setting

Using multiple viewpoints to understand/ 

analyze a problem encountered in the 

clinical setting

13 N/A Physicians demonstrating a duty to be 

a change agent and help improve the 

health care system

Demonstrating a duty to be a change 

agent and help improve the health care 

system

14 N/A Physicians demonstrating a duty to ensure 

that economically disadvantaged people 
have an equal opportunity to be healthy

Demonstrating a duty to ensure that 

economically disadvantaged people have 
an equal opportunity to be healthy

15 N/A Health systems measuring and monitoring 
clinical performance related to health 

equity

Measuring and monitoring clinical 
performance related to health equity

16 N/A Physicians as leaders and collaborators in 

health system transformation

Leading and collaborating in health system 

transformation

Notes: Rating scale used, both versions: 1=strongly disagree, 2=disagree, 3=neutral/no opinion/unsure, 4=agree, 5=strongly agree. +Used in study years 1 and 2. *Used in study year 2.
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Group mean scores on the HSS exams were compared using two sampled t-tests with a significance level of 
alpha=0.05. Survey item means were also compared using the same statistical procedure. Calculated effect sizes are 
reported based on Cohen’s d statistic24; for survey items, effect sizes are reported only for statistically significantly 
different items.

Results
For study year 1, 24 of 42 (57%) fourth-year students and 42 of 44 (95%) first-year students provided informed consent 
for their data to be included in the study. For study year 2, 32 of 40 (80%) fourth-year students and 28 of 48 (58%) first- 
year students provided informed consent. Thus, a grand total of 56 study eligible fourth-year students (68%) and 70 
(76%) study eligible first-year students participated in the study. No students in year 1 of the study had received any of 
the new HSS curricular content. For students in year 2 of the study, only the first-year students received new HSS 
curricular content.

HSS Subject Exams
We first compared exam scores for students in year 1 of the study. Fourth-year students who had not experienced the new 
curriculum (N=24, mean=69.5, standard dev=6.10) scored statistically significantly higher than first-year students who 
had not experienced the new curriculum (N=42, mean=65.2, standard dev=7.35); p=0.02. Cohen’s effect size value 
(d=0.61) suggested a moderate practical significance.

We next compared exam scores for first-year students from both years of the study. First-year students from 
study year 1 who had not received the new curriculum scored higher on the exam (N=42, mean=65.2, standard 
dev=7.35) than first-year students who had experienced the new curriculum (N=28, mean=55.5, standard dev=13.76); 
p=0.003. Cohen’s effect size value (d=0.79) suggested a moderate to large practical significance.

Finally, we compared exam scores for students from year 2 of the study. Fourth-year students who had not 
experienced the new curriculum (N=30, mean=68.9, standard dev=12.10) scored statistically significantly higher than 
first-year students who had experienced the new curriculum (N=28, mean=55.5, standard dev=13.76); p=0.0002. Cohen’s 
effect size value (d=0.85) suggested a large practical significance.

Reliability data for the HSS subject exam was not available at the time of our study, so we cannot report on the 
psychometric properties of the exam as reflected in our student population. In the only study we found related to use of 
the new HSS subject exam, an alpha reliability coefficient of 0.83 was reported based on a national sample of medical 
students from 15 schools who took the exam.15

NBME HSS Subject Exam HSS System 
Citizenship Scale, 
Original 12-item 

Version

HSS System 
Citizenship Scale, 
Revised 16-item 

Version (Experience)

HSS System 
Citizenship Scale, 
Revised 16-item 

Version (Preparation)
M4* scores (study year 
one) compared with M1* 
scores (study year one)

M4* students (study 
year one) compared 
with M1* students 
(study year one)

M4* students (study 
year one) compared 
with M1+ students 
(study year one)

M4* students (study 
year one) compared 
with M1+ students 
(study year one)

M1* scores (study year 
one) compared with M1+

scores (study year two)

M1* students (study 
year one) compared 
with M1+ students 
(study year two)**

M4* scores (study year 
two) compared with M1+

scores (study year two)

**Note:  due to wording 
changes on 3 survey 

items, actual 
comparisons done with 

only 9 items

Figure 1 Comparisons of HSS exam scores and survey results by student group. *Students had not experienced new HSSIP curriculum. +Students had experienced new 
HSSIP curriculum.
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System Citizenship Surveys
Scale internal consistency was estimated by pooling observations and calculating Cronbach’s alpha with this sample and 
based on the intended use of the scale.25 We completed reliability analyses for the two different student samples based on 
study year. Reliability coefficients were strong, with the 12-item version (α = 0.83, year 1; α = 0.98, year 2) having 
a slightly lower reliability score than the subsequent 16-item versions (α = 0.98, experience items; α = 0.99, preparation 
items).

We compared system citizenship survey scores between the following groups:
Fourth-year versus first-year students from study year 1 using the original, 12-item version of the scale (see Table 2). 

None of these students had experienced the new HSS curriculum. Two items were statistically significantly different, 
with first-year students rating both items higher: “healthcare is more than a function of the individual physician–patient 
relationship” and “physicians should sometimes lead a clinical team but at other times should defer to a non-physician 
team leader”.

Fourth-year versus first-year students from study year 2, using the 16-item version of the scale which asked students 
about their perceived experience with health systems science (see Table 3). Two items were statistically significantly 
different, with fourth-year students rating both items higher: “health system science impacts on the delivery of care to 
patients” and “physicians sometimes leading a clinical team but at other times deferring to another health care team 
leader”.

Fourth-year versus first-year students from study year 2, using the 16-item version of the scale which asked students 
about their perceived preparation for health systems science (see Table 4). Five items were statistically significantly 
different, with fourth-year students rating all five items higher: “leading a clinical team and at times deferring to another 
health care team leader”, “discussing medical errors/unexpected outcomes openly to facilitate learning and patient 
understanding”, “using multiple viewpoints to understand/analyze a problem encountered in the clinical setting”, 
“demonstrating a duty to ensure that economically disadvantaged people have an equal opportunity to be healthy”, 
and “measuring and monitoring clinical performance related to health equity”.

First-year students from both years of the study, using only the nine items from the original 12-item version of the 
scale that were worded exactly the same on the scale during both years (see Table 5). Six of nine items were statistically 
significantly different, with students who had not experienced the new HSS curriculum rating all six items higher: “an 
understanding of health systems science impacts how I view the delivery of care to patients”, “health care is more than 
a function of the individual physician–patient relationship”, “the design of a health system has a strong influence on 
patient outcomes”, “physicians should serve in leadership roles in systems thinking and patient safety”, “physicians 
should identify and address systems level factors that contribute to ethical dilemmas”, and “physicians should discuss 
medical errors/unexpected patient outcomes openly to facilitate learning and patient understanding”. It should be noted 
that both groups of first-year students rated all scale items very highly (from 4.00 to 4.74 on the five-point scale).

Discussion
Health systems science has been identified as a new emphasis within health professions training, especially for medical 
students.26 Students undergoing a new HSS curriculum at one medical school reported positive impacts on both their 
knowledge of health systems and their perception of physicians playing a vital role in leading and improving systems of 
care.27 Their experiences are consistent with an ever-growing cascade of calls for physicians to “be better prepared to 
work in, and contribute to the continual improvement of, health care systems”.28 However, some medical students have 
reported that the instructional time devoted to systems topics was inadequate and that preparation for practice in the 
changing environment of the US health care system should receive greater emphasis.29

Our study examined two important issues: medical student knowledge about HSS, as measured by a new NBME 
subject exam; and student self-reported attitudes toward, experiences with and preparation for health systems science as 
a new curricular emphasis. We conducted our study during the very early stages of implementing a new HSS curriculum, 
which was designed to be gradually rolled out over a 4-year period beginning with the 2020–2021 academic year. Our 
study revealed findings that were both expected and surprising. Such results often occur when attempting to make 
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Table 2 Comparison of Attitudes Toward System Citizenship Fourth-Year versus First-Year Medical Students (Study Year 1, No HSS Curriculum Experience)

Item # Please Indicate the Degree to Which You Agree with Each of 
the Following Items

M4 Students (N=24) 
Mean Rating

M4 Students 
Standard Dev

M1 Students (N=42) 
Mean Rating

M1 Students 
Standard Dev

T-test (2 Tailed) 
Significance

1 An understanding of health systems science impacts how I view the 

delivery of care to patients

4.16 0.81 4.46 0.55 p=0.07

2 Health care is more than a function of the individual physician–patient 

relationship

4.12 1.03 4.65 0.08 p=0.007  

Cohen’s d=0.69*

3 The design of a health system has a strong influence on patient outcomes 4.46 0.72 4.74 0.49 p=0.06

4 A physician should work with others to improve the overall health system 4.58 0.50 4.72 0.50 p=0.28

5 A physician should be equipped to help patients navigate their way 
through the health system

4.50 0.51 4.58 0.54 p=0.55

6 Physicians should serve in leadership roles in systems thinking and patient 
safety

4.54 0.78 4.58 0.63 p=0.82

7 Physicians should sometimes lead a clinical team but at other times should 

defer to another health care professional team leader

3.62 1.40 4.37 0.90 p=0.01 

Cohen’s d=0.67*

8 Physicians should identify and address systems level factors that 

contribute to ethical dilemmas

4.41 0.58 4.60 0.58 p=0.21

9 Physicians should discuss medical errors / unexpected outcomes openly 

to facilitate learning and patient understanding

4.66 0.48 4.65 0.57 p=0.91

10 I can apply the concepts of systems thinking to a given patient care 

scenario

4.20 0.83 3.81 1.05 p=0.12

11 Systems thinking is required to re-design health care to improve the 

quality and safety of care provided

4.45 0.59 4.49 0.69 p=0.85

12 When I encounter a problem, I use multiple viewpoints to understand/ 

analyze it

4.37 0.49 4.65 0.65 p=0.07

Notes: Rating scale used, both versions: 1=strongly disagree, 2=disagree, 3=neutral/no opinion/unsure, 4=agree, 5=strongly agree. *Effect size considered moderate.
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Table 3 Comparison of Student Perception of Experience with Health Systems Science (Study Year 2, Fourth-Year Students/No HSS Curriculum versus First-Year Students/Had New 
HSS Curriculum)

Item # Revised, 16-Item Version (EXPERIENCE Items) M4 Students 
(N=28) Mean 

Rating

M4 Students 
Standard Dev

M1 Students 
(N=28) Mean 

Rating

M1 Students 
Standard Dev

T-test (2 Tailed) 
Significance

Please Indicate the Extent to Which You Agree You Have Experienced, Observed, or 
Studied Each of the Following Systems Citizen Components at VTCSOM

1 Health systems science impacts on the delivery of care to patients 4.25 0.58 3.64 1.22 P=0.02  

Cohen’s d=0.63*

2 Health care as more than a function of the individual physician–patient relationship 4.07 0.54 3.86 1.04 P=0.33

3 The design of a health system having a strong influence on patient outcomes 4.07 0.76 3.82 1.16 P=0.34

4 Physicians working with others to improve the processes and outcomes of care for specific patient 

groups

4.18 0.67 3.75 1.26 P=0.11

5 Physicians equipped to help patients navigate their way through the health system 3.86 0.80 3.68 1.25 P=0.53

6 Physicians serving in leadership roles in systems thinking and patient safety 4.11 0.68 3.82 1.16 P=0.26

7 Physicians sometimes leading a clinical team but at other times deferring to another health care team 

leader

4.07 0.54 3.57 1.20 P=0.04  

Cohen’s d=0.53*

8 Physicians identifying and addressing systems level factors that contribute to ethical dilemmas 4.07 0.60 3.75 1.24 P=0.22

9 Physicians discussing medical errors/unexpected outcomes openly to facilitate learning and patient 

understanding

4.11 0.50 3.82 1.16 P=0.23

10 The concepts of systems thinking applied to each patient care scenario 4.00 0.86 3.75 1.17 P=0.37

11 The re-designing of health care using systems thinking to improve the quality and safety of care provided 3.78 0.92 3.87 1.17 P=1.00

12 The use of multiple viewpoints to understand/analyze when a problem is encountered in the clinical 

setting

4.25 0.64 3.93 1.12 P=0.19

13 Physicians demonstrating a duty to be a change agent and help improve the health care system 4.14 0.65 3.71 1.18 P=0.09

14 Physicians demonstrating a duty to ensure that economically disadvantaged people have an equal 

opportunity to be healthy

4.03 0.64 3.82 1.16 P=0.39

15 Health systems measuring and monitoring clinical performance related to health equity 4.04 0.84 3.75 1.26 P=0.32

16 Physicians as leaders and collaborators in health system transformation 4.18 0.55 3.89 1.16 P=0.24

Notes: Rating scale used, both versions: 1=strongly disagree, 2=disagree, 3=neutral/no opinion/unsure, 4=agree, 5=strongly agree. *Effect size considered moderate.
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Table 4 Comparison of Student Perception of Preparation for Health Systems Science (Study Year 2, Fourth-Year Students/No HSS Curriculum versus First-Year Students/Had New 
HSS Curriculum)

Item # Revised, 16-Item Version (PREPARATION Items) M4 Students (N=28) 
Mean Rating

M4 Students 
Standard Dev

M1 Students (N=27) 
Mean Rating

M1 Students 
Standard Dev

T-test (2 Tailed) 
Significance

Please Indicate the Extent to Which You Agree You are Currently Prepared for 
Each of the Following System Components

1 Contributing to health systems science impacts on the delivery of care to patients 4.03 0.84 3.52 1.16 P=0.06

2 Contributing to health care as more than a function of the individual physician–patient 

relationship

4.07 0.76 3.63 1.15 P=0.10

3 Contributing to the design of a health system having a strong influence on patient outcomes 3.96 0.84 3.67 1.14 P=0.27

4 Working with others to improve the processes and outcomes of care for specific patient 

groups

4.18 0.72 3.74 1.06 P=0.08

5 Helping patients navigate their way through the health system 3.78 1.03 3.44 1.12 P=0.24

6 Serving in leadership roles in systems thinking and patient safety 4.00 0.92 3.55 1.08 P=0.11

7 Leading a clinical team and at times deferring to another health care team leader 4.14 0.65 3.48 1.12 P=0.009  

Cohen’s d=0.72*

8 Identifying and addressing systems level factors that contribute to ethical dilemmas 4.07 0.66 3.63 1.08 P=0.07

9 Discussing medical errors/unexpected outcomes openly to facilitate learning and patient 

understanding

4.18 0.61 3.59 1.08 P=0.02  

Cohen’s d=0.66*

10 Applying systems thinking to each patient care scenario 4.00 0.82 3.59 1.08 P=0.12

11 Using systems thinking to re-design health care to improve the quality and safety of care 

provided

4.03 0.79 3.59 1.05 P=0.08

12 Using multiple viewpoints to understand/analyze a problem encountered in the clinical 

setting

4.26 0.76 3.74 1.13 P=0.05  

Cohen’s d=0.53*

13 Demonstrating a duty to be a change agent and help improve the health care system 4.03 0.74 3.70 1.10 P=0.19

14 Demonstrating a duty to ensure that economically disadvantaged people have an equal 

opportunity to be healthy

4.25 0.52 3.70 1.10 P=0.02  

Cohen’s d=0.63*

15 Measuring and monitoring clinical performance related to health equity 4.14 0.59 3.55 1.05 P=0.01  

Cohen’s d=0.69*

16 Leading and collaborating in health system transformation 4.03 0.79 3.70 1.07 P=0.19

Notes: Rating scale used, both versions: 1=strongly disagree, 2=disagree, 3=neutral/no opinion/unsure, 4=agree, 5=strongly agree. *Effect size considered moderate.
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Table 5 Comparison of Attitudes Toward System Citizenship Both Study Years, First-Year Medical Students Who Did Not/Did Experience New HSS Curriculum

Item # Please Indicate the Degree to Which You Agree with 
Each of the Following Items

M1 Students NO 
CURRICULUM (N=43) 

Mean Rating

M1 
Students 
Standard 

Dev

M1 Students NEW 
CURRICULUM (N=28) 

Mean Rating

M1 
Students 
Standard 

Dev

T-test (2 Tailed) 
Significance

1 An understanding of health systems science impacts how I view 

the delivery of care to patients

4.46 0.55 4.00 0.86 p=0.007  

Cohen’s d=0.67*

2 Health care is more than a function of the individual physician– 

patient relationship

4.65 0.53 4.25 0.97 p=0.02  

Cohen’s d=0.54*

3 The design of a health system has a strong influence on patient 

outcomes

4.74 0.49 4.21 0.96 p=0.003  

Cohen’s d=0.74*

4 A physician should work with others to improve the overall 

health system

Not rated+

5 A physician should be equipped to help patients navigate their 

way through the health system

4.58 0.54 4.25 0.18 p=0.07

6 Physicians should serve in leadership roles in systems thinking 

and patient safety

4.58 0.63 4.11 0.96 p=0.01  

Cohen’s d=0.61*

7 Physicians should sometimes lead a clinical team but at other 

times should defer to another health care professional team 
leader

4.37 0.90 4.25 0.97 p=0.58

8 Physicians should identify and address systems level factors that 

contribute to ethical dilemmas

4.60 0.58 4.14 0.93 p=0.01  

Cohen’s d=0.62*

9 Physicians should discuss medical errors/unexpected outcomes 

openly to facilitate learning and patient understanding

4.65 0.57 4.21 0.92 p-0.02  

Cohen’s d=0.60*

10 I can apply the concepts of systems thinking to a given patient 

care scenario

Not rated+

11 Systems thinking is required to re-design health care to improve 

the quality and safety of care provided

4.49 0.67 4.14 0.97 p=0.08

12 When I encounter a problem, I use multiple viewpoints to 

understand/analyze it

Not rated+

Notes: Rating scale used, both versions: 1=strongly disagree, 2=disagree, 3=neutral/no opinion/unsure, 4=agree, 5=strongly agree. *Effect size considered moderate. +Not rated due to wording changes in survey item.
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changes to the medical school curriculum, due to factors related to curricular reform and how best to introduce a process 
of change.26,30

Regarding the rate of student participation, across both study years a slightly larger percentage of our M1 students 
than our M4 students agreed to have their exam and survey data included in our study. However, the differences in 
participation between the two study years was striking, with a higher percentage of M1 students agreeing to participate 
during study year 1, but a higher percentage of M4 students agreeing to participate in study year 2. We especially note the 
fact that fewer M1 students from study year 2, ie, those who had experienced the new HSS curriculum, agreed to 
participate. This lower participation by the only group of students to experience the new HSS curriculum could have 
impacted our findings, due to the small sample sizes of the student groups. Although small sample sizes are common in 
pilot studies, the different levels of study participation by our student classes presented challenges in interpretation of 
results. Effect sizes pertaining to exam data were moderate to large, and were moderate for survey items that were 
statistically significantly different. We suggest that, notwithstanding the small size of our study populations, the moderate 
to large effect sizes indicate a genuine difference in exam performance and survey items between student groups.

One of our findings pertaining to the use of the new HSS subject exam was not unexpected: that M4 students during both 
study years outperformed M1 students from both study years. Regardless of whether formal and deliberate exposure to HSS 
content occurred, it seems intuitive that M4 students would have gained more knowledge of at least some aspects of health 
systems than M1 students by virtue of their clinical experiences. We are also pleased that our M4 students appear to have 
subject exam scores that were aligned with those of a national sample of students who also took this new exam.15

Two findings pertaining to the HSS subject exam were surprising: that M1 students during study year 1 scored nearly 
as high on the exam as did M4 students, with neither group having experienced the new curriculum; and that M1 students 
from year study year 1 (who had not had any formal HSS content) outperformed M1 students from study year 2 (ie, those 
who had experienced the first year of the new HSS curriculum). Regarding the first finding, we are unsure as to why our 
M1 students scored nearly as high as our M4 students on the exam during study year 1. It is possible that class 
characteristics could account for the higher score by the M1 students in study year 1. For example, if a higher than usual 
number of students in this M1 class had prior experience as clinical scribes, emergency medical technicians or similar 
types of involvement in health care settings prior to medical school, these factors could account for the score difference 
in that those students had greater insights into systems of care. This possibility is consistent with a qualitative study 
wherein “influential experiences before medical school” were found to have an impact on the aspirations of medical 
students related to future involvement in efforts to impact health systems.31 Whether these experiences prior to medical 
school could also impact the scores of a given group of medical students on the HSS subject exam is an intriguing 
question. Although our study protocol did not allow us to examine these class characteristics, this would seem to be an 
important consideration for future studies. Regarding the second finding, both the afore-mentioned class characteristics as 
well as the difference in sample size between the two groups of first-year students who gave consent to include their data 
in the study (ie, 42 in study year 1 versus only 28 in study year 2) could have impacted the exam scores, since the number 
of students who took the exam after experiencing the new HSS curriculum and gave informed consent for study 
participation was approximately one-third less than the comparison group of first-year students. Taken together, the 
statistically significant difference in mean scores and the moderate to large effect size would seem to indicate that the 
magnitude of the difference in performance on the exam was genuine and not due to chance. Another possibility is that, 
despite our instructions to the students that no preparation for the exam was necessary since their scores would not be 
part of any course grade, first-year students during study year 1 could have nevertheless prepared for the exam in some 
fashion, with such preparation resulting in higher scores.

Our students’ scores on the HSS exam are consistent with the previously mentioned larger study pertaining to 
performance on this new subject exam.15 In that study, which involved a national sample of 1837 students from fifteen 
medical schools, the average score on the HSS subject exam was 67%; this is consistent with the scores attained by three 
of the four student groups in our study. However, the study authors noted that “students taking the exam after instruction 
scored significantly higher than students who took it before or during instruction”, and that M3 and M4 students scored 
higher than M1 and M2 students. This finding was dissimilar to the results of our study in that one of our M1 student 
groups scored nearly as well on the exam as both groups of M4 students. We were surprised at the mean score achieved 
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by our M1 students from study year 1 and speculate that this finding could possibly be an outlier due to the factors 
indicated above or other unknown reasons. Another possibility, however, is that the mean score achieved by M1 students 
from study year 1 could indicate an issue pertaining to exam validity and reliability. If, for example, these results were 
felt to be generalizable to all first-time takers of the HSS exam, it could indicate a need for further scrutiny of the exam 
itself. Another related but important point is that the HSS subject exam was designed to be taken by M4 medical 
students. While our study design did not allow us to examine generalizability or item-level differences in performance 
that could have contributed to the higher overall scores of M1 students from study year 1, we nevertheless suggest that, 
as further refinement of the HSS exam occurs, it is important to consider findings such as ours as part of an overall 
quality assurance strategy for exam development.

Regarding the use of our new system citizenship survey, we were pleased with the reliability of the instrument across 
study years and the alternative versions of the instrument. There was a general trend observed wherein the ratings of most 
items on the 12-item general attitudes toward system citizenship scale were high. Although we noted statistically 
significant differences on some survey items pertaining to students’ general attitudes toward HSS, only a single-item 
mean was below the rating of 4 on our 5-point rating scale; we found highly similar response patterns between the two 
groups of M1 students, with both groups assigning high ratings to the survey items (albeit with some statistically 
different item means noted). These results raise the possibility of response bias: did our students answer the survey items 
as they thought they should? At least one study had similar findings, with the authors noting “a ceiling effect with very 
high levels of interest in HSS among MS1 students that may have been due to social acquiescence bias”.32 When we 
modified the scale in study year 2 to ask more specifically about students’ experience with and preparation for HSS 
content, greater differences were noted between responses from M4 versus M1 student groups. This latter finding seems 
to more likely reflect genuine differences based on the year of medical school and greater exposure by M4 students to 
a variety of health system/clinical care settings.

One survey item of particular interest asked students to agree or disagree with the idea that “physicians should 
sometimes lead a clinical team but at other times should defer to another health care professional team leader”. Student 
opinion on this item fluctuated depending on the context in which it was raised. For students in study year 1, where 
neither group had experienced the new HSS curriculum, M1 students were more likely to agree with this statement than 
M4 students. For study year 2; however, M4 students were more likely to report having experienced this situation and 
being prepared for it. Our findings related to this survey item are interesting and worthy of further exploration in future 
studies; and perhaps greater insight into this area could also be achieved through more qualitative research techniques. 
Indeed, one recent study used qualitative techniques to examine how medical students “envision their future professional 
identity in relation to the system” and found that there are a variety of factors that contribute to student views on system 
citizenship, including the fact that some students were “more likely to view systems expertise as distributed within 
interprofessional teams”.31 This study finding appears to be congruent with the fact that M4 students in our study were 
more likely to agree that other health care professionals can sometimes lead a clinical team.

The construct of system citizenship is not yet well-defined and is therefore challenging to assess. Do we know 
precisely what systems citizenship really means in terms of medical students, resident physicians and/or other clinicians 
involved in the delivery of health care services? Is the key defining characteristic the ability to engage in systems 
thinking as applied to health care? If so, how is systems thinking defined within a health care context? Or is system 
citizenship something broader than systems thinking? Four medical students who engaged in an HSS curriculum at one 
medical school reported that their perspectives on what it means to be a physician were broadened to include the belief 
“that improving the well-being of our health care system is our duty as future care providers”.27 An important conceptual 
linkage in this regard is that of professional identity formation (PIF), described as “the process through which a student 
transforms into a physician”.33 While a complete discussion of PIF is beyond the scope of this paper, it is becoming 
increasingly apparent that the process of becoming a physician must include ensuring that future physicians possess the 
characteristics of health system citizenship.5,34 A qualitative study of second- and fourth-year medical students at four 
different schools revealed that past, present and future-oriented experiences and considerations shaped how the students 
viewed their own future identities as clinicians engaged with the health system, with the added complexities of social 
context, affinities, abilities and practice context.31 Related aspects of the goal to produce system-ready clinicians include 
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the need for medical education to reinforce the social contract between the medical profession and society at large, the 
ongoing examination of clinical care delivery models and their impact on various constituent groups, and the concept of 
communities of practice and interprofessional teamwork in the workplace.4,35 Perhaps, our pilot study using a newly 
developed survey instrument designed to gain insight into students’ views on health system citizenship will make 
a contribution to ongoing dialogue on this topic within the medical education community.

Limitations
Our study has limitations that should be highlighted. First, the small sample size of our research subjects, as reflected by 
the lack of full “opt in” particularly for M1 students in study year 2, make generalizability of our results difficult. 
Although the sample size was low, the samples were representative of our classes. Second, our protocol did not allow us 
to investigate class characteristics and their possible impact on our findings. Third, because the HSS subject exam is still 
new and evolving we did not have access to reliability data for the exam itself and the reporting of results is limited in 
this regard. Fourth, it is likely that there is incongruence between our new HSS curriculum and the new HSS subject 
exam. The dimensions of the new HSS subject exam were determined by a national cohort of experts. Although the exam 
may be wider in content scope and therefore not correspond perfectly with our HSS curricular learning objectives, it is 
a measure that adequately samples from the universe of HSS content and thus still provides an estimate of our students’ 
ability from that domain of knowledge.

Future Studies
We will perform the same measurements over the next 4 years, comparing these early results with that of future classes 
that receive the new curriculum across all 4 years of medical school. We also plan to examine whether positive attitudes 
toward, and experience with, HSS by medical students correlate with performance on the HSS subject exam. Further 
validation studies are also needed regarding the system citizenship survey, and we would welcome collaborators at other 
medical schools for this purpose. Our ongoing research will provide greater insights into strengths and improvement 
areas for our new HSS curriculum as it continues to be implemented.

Conclusions
Our pilot study revealed differences between fourth- and first-year medical students concerning performance on a new 
HSS subject exam and regarding attitudes toward health system citizenship. It is hoped that our ongoing research will 
contribute to increased proficiency among medical educators regarding how to measure the impact of newly developed 
HSS content on student knowledge, and to determine whether our learners truly embrace the proposition that physicians 
must be system citizens who are obligated to work toward improvement of the overall health care systems in which they 
will practice.

Disclosure
Dr David W Musick reports this work was originally conceived as part of a fellowship experience that he completed with 
the American Medical Association. The fellowship itself did not provide any funding. The authors report no other 
conflicts of interest in this work.

References
1. Gonzalo JD, Haidet P, Papp KK, et al. Educating for the 21st-century health care system: an interdependent framework of basic, clinical and systems 

sciences. Acad Med. 2017;92(1):35–39. doi:10.1097/ACM.0000000000000951
2. Gonzalo JD, Wolpaw D, Graaf D, et al. Educating patient-centered, systems-aware physicians: a qualitative analysis of medical student perceptions 

of value-added clinical systems learning roles. BMC Med Educ. 2018;18(1):248–254. doi:10.1186/s12909-018-1345-5
3. Gonzalo JD, Skochelak SE, Wolpaw DR. Health systems science in medical education (chapter one). In: Skochelak SE, Hawkins RE, editors. Health 

Systems Science. Philadelphia: Elsevier Publishing Co.; 2016.
4. Van Eck RN, Gullett HL, Lamb SM, et al. The power of interdependence: linking health systems, communities, and health professions educational 

programs to better meet the needs of patients and populations. Med Teach. 2021;43(sup2):S32–S38. doi:10.1080/0142159X.2021.1935834
5. Borkan JM, Hammoud MM, Nelson E, et al. Health systems science education: the new post-Flexner professionalism for the 21st century. Med 

Teach. 2021;43(sup2):S25–S31. doi:10.1080/0142159X.2021.1924366

https://doi.org/10.2147/AMEP.S403240                                                                                                                                                                                                                                

DovePress                                                                                                                               

Advances in Medical Education and Practice 2023:14 512

Musick et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/ACM.0000000000000951
https://doi.org/10.1186/s12909-018-1345-5
https://doi.org/10.1080/0142159X.2021.1935834
https://doi.org/10.1080/0142159X.2021.1924366
https://www.dovepress.com
https://www.dovepress.com


6. Dzau VJ, Balatbat CA, Ellaissi WF. Revisiting academic health sciences systems a decade later: discovery to health to population to society. Lancet. 
2021;398(10318):2300–2304. doi:10.1016/S0140-6736(21)01752-9

7. Gonzalo JD, Dekhtyar M, Starr SR, et al. Health systems science curricula in undergraduate medical education: identifying and defining a potential 
curricular framework. Acad Med. 2017;92(1):123–131. doi:10.1097/ACM.0000000000001177

8. Skochelak SE, Stack SJ. Creating the medical schools of the future. Acad Med. 2017;92(1):16–19. doi:10.1097/ACM.0000000000001160
9. Swing SR. The ACGME outcome project: retrospective and prospective. Med Teach. 2007;29(7):648–654. doi:10.1080/01421590701392903

10. Gonzalo JD, Chang A, Dekhtyar M, et al. Health systems science in medical education: unifying the components to catalyze transformation. Acad 
Med. 2020;95(9):1362–1372. doi:10.1097/ACM.0000000000003400

11. Ridinger HA, Bonnet K, Schlundt DG, et al. Defining successful practice within health systems science among entering residents: a single-institution 
qualitative study of graduate medical education faculty observations. Acad Med. 2021;96(11S):S126–S135. doi:10.1097/ACM.0000000000004357

12. Gonzalo JD, Chang A, Wolpaw DR. New educator roles for health systems science: implications of new physician competencies for U.S. medical 
school faculty. Acad Med. 2019;94(4):501–506. doi:10.1097/ACM.0000000000002552

13. Musick DW, Vari RC, Kraemer MS, et al. Building health systems science from the core domain of interprofessional education at Virginia Tech 
Carilion school of medicine. Med Sci Educ. 2020;31:215–222. doi:10.1007/s40670-020-01148-z

14. Trinkle DB, Schnurman-Crook A, Porter AG, et al. Stumbling and succeeding together: a new medical school’s collaborative initiative to elevate 
interprofessionalism as a signature hallmark in training future healthcare leaders. Med Sci Educ. 2014;24(2):219–223. doi:10.1007/s40670-014-0039-9

15. Dekhtyar M, Ross LP, D’Angelo J, et al. Validity of the health systems science examination: relationship between examinee performance and time 
of training. Am J Med Qual. 2020;35(1):63–69. doi:10.1177/1062860619853349

16. Health Systems Science (HSS) examination at a glance. Available from: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd= 
&ved=2ahUKEwjv_tGr-MX2AhUJoHIEHa6KACMQFnoECAUQAQ&url=https%3A%2F%2Fwww.nbme.org%2Fsites%2Fdefault%2Ffiles% 
2F2020-01%2FHSS-Exam-At-A-Glance.pdf&usg=AOvVaw29XZUy-TDzrCo8us86z16e. Accessed March 14, 2022.

17. Gonzalo JD, Ahluwalia A, Hamilton M, et al. Aligning education with health care transformation: identifying a shared mental model of new faculty 
competencies for academic faculty. Acad Med. 2018;93(2):256–264. doi:10.1097/ACM.0000000000001895

18. American medical association health system science learning series modules. Available from: https://edhub.ama-assn.org/health-systems-science/. 
Accessed March 14, 2022.

19. Havyer RD, Norby SM, Hunderfund ANL, et al. Science of health care delivery milestones for undergraduate medical education. BMC Med Educ. 
2017;17(1):145–150. doi:10.1186/s12909-017-0986-0

20. Accreditation council for graduate medical education. Transitional year milestones; 2019. Available from: https://www.google.com/url?sa=t&rct= 
j&q=&esrc=s&source=web&cd=&ved=2ahUKEwibu9fl4Mj2AhVlmXIEHXI4ByMQFnoECAUQAQ&url=https%3A%2F%2Fwww.acgme.org% 
2Facgmeweb%2Fportals%2F0%2Fpdfs%2Fmilestones%2Ftransitionalyearmilestones.pdf&usg=AOvVaw0aBo-r0_gxxA7Thgy2h-2P. Accessed 
March 15, 2022.

21. Association of American Medical Colleges. The core Entrustable Professional Activities (EPAs) for entering residency (EPAs 9 and 13). Available 
from: https://www.aamc.org/what-we-do/mission-areas/medical-education/cbme/core-epas/publications. Accessed March 15, 2022.

22. Mahsoon AN, Dolansky M. Faculty knowledge, awareness, value, and self-efficacy in teaching systems thinking to nursing students: a pilot study. 
Int Arch Nurs Health Care. 2019;5(2):126–131. doi:10.23937/2469-5823/1510126

23. Camelia F, Ferris TLJ. Validation studies of a questionnaire development for students’ engagement with systems thinking. IEEE Trans Syst Man 
Cybern. 2018;48(4):574–585. doi:10.1109/TSMC.2016.2607224

24. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. New York, NY: Routledge Publishing; 1988.
25. Nunnally JC, Bernstein IH. Psychometric Theory. 3rd ed. New York, NY: McGraw-Hill; 1994.
26. Buja LM. Medical education today: all that glitters is not gold. BMC Med Educ. 2019;19(1):110–120. doi:10.1186/s12909-019-1535-9
27. Pines AR, Khurana A, Mastorakos GM, et al. A prognosis for health systems science courses: observations from current students. Acad Med. 

2018;93(10):1434–1436. doi:10.1097/ACM.0000000000002369
28. Lomis KD, Santen SA, Dekhtyar M, et al. The accelerating change in medical education consortium: key drivers of transformational change. Acad 

Med. 2021;96:979–988. doi:10.1097/ACM.0000000000003897
29. Patel MS, Lypson ML, Davis MM. Medical student perceptions of education in health care systems. Acad Med. 2009;84(9):1301–1306. 

doi:10.1097/ACM.0b013e3181b17e3e
30. Hawick L, Cleland J, Kitto S. Getting off the carousel: exploring the wicked problem of curriculum reform. Perspect Med Educ. 2017;6 

(5):337–343. doi:10.1007/s40037-017-0371-z
31. Leep Hunderford AN, Kumbamu A, O’Brien BD, et al. “Finding my piece in that puzzle”: a qualitative study exploring how medical students at 

four U.S. Schools envision their future professional identity in relation to health systems. Acad Med. 2022;97:1804–1815. doi:10.1097/ 
ACM.0000000000004799

32. Reddy S, Obremskey A, Hochman M, et al. The impact of a new curriculum on medical students’ interest in and knowledge of health systems 
science. Healthcare. 2020;8(2):100409. doi:10.1016/j.hjdsi.2020.100409

33. Holden MD, Buck E, Luk J, et al. Professional identity formation: creating a longitudinal framework through TIME (Transformation in Medical 
Education). Acad Med. 2015;90(6):761–767. doi:10.1097/ACM.0000000000000719

34. Gonzalo JD, Singh MK. Building systems citizenship in health professions education: the continued call for health systems science curricula. 
AHRQ PSNet; 2019. Available from: https://psnet.ahrq.gov/perspective/building-systems-citizenship-health-professions-education-continued-call- 
health-systems. Accessed March 15, 2022.

35. Hays RB, Ramani S, Hassell A. Healthcare systems and the sciences of health professional education. Adv Health Sci Educ. 2020;25(5):1149–1162. 
doi:10.1007/s10459-020-10010-1

Advances in Medical Education and Practice 2023:14                                                                         https://doi.org/10.2147/AMEP.S403240                                                                                                                                                                                                                       

DovePress                                                                                                                         
513

Dovepress                                                                                                                                                          Musick et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(21)01752-9
https://doi.org/10.1097/ACM.0000000000001177
https://doi.org/10.1097/ACM.0000000000001160
https://doi.org/10.1080/01421590701392903
https://doi.org/10.1097/ACM.0000000000003400
https://doi.org/10.1097/ACM.0000000000004357
https://doi.org/10.1097/ACM.0000000000002552
https://doi.org/10.1007/s40670-020-01148-z
https://doi.org/10.1007/s40670-014-0039-9
https://doi.org/10.1177/1062860619853349
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwjv_tGr-MX2AhUJoHIEHa6KACMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.nbme.org%25252Fsites%25252Fdefault%25252Ffiles%25252F2020-01%25252FHSS-Exam-At-A-Glance.pdf%2526usg=AOvVaw29XZUy-TDzrCo8us86z16e
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwjv_tGr-MX2AhUJoHIEHa6KACMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.nbme.org%25252Fsites%25252Fdefault%25252Ffiles%25252F2020-01%25252FHSS-Exam-At-A-Glance.pdf%2526usg=AOvVaw29XZUy-TDzrCo8us86z16e
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwjv_tGr-MX2AhUJoHIEHa6KACMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.nbme.org%25252Fsites%25252Fdefault%25252Ffiles%25252F2020-01%25252FHSS-Exam-At-A-Glance.pdf%2526usg=AOvVaw29XZUy-TDzrCo8us86z16e
https://doi.org/10.1097/ACM.0000000000001895
https://edhub.ama-assn.org/health-systems-science/
https://doi.org/10.1186/s12909-017-0986-0
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwibu9fl4Mj2AhVlmXIEHXI4ByMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.acgme.org%25252Facgmeweb%25252Fportals%25252F0%25252Fpdfs%25252Fmilestones%25252Ftransitionalyearmilestones.pdf%2526usg=AOvVaw0aBo-r0_gxxA7Thgy2h-2P
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwibu9fl4Mj2AhVlmXIEHXI4ByMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.acgme.org%25252Facgmeweb%25252Fportals%25252F0%25252Fpdfs%25252Fmilestones%25252Ftransitionalyearmilestones.pdf%2526usg=AOvVaw0aBo-r0_gxxA7Thgy2h-2P
https://www.google.com/url?sa=t%2526rct=j%2526q=%2526esrc=s%2526source=web%2526cd=%2526ved=2ahUKEwibu9fl4Mj2AhVlmXIEHXI4ByMQFnoECAUQAQ%2526url=https%25253A%25252F%25252Fwww.acgme.org%25252Facgmeweb%25252Fportals%25252F0%25252Fpdfs%25252Fmilestones%25252Ftransitionalyearmilestones.pdf%2526usg=AOvVaw0aBo-r0_gxxA7Thgy2h-2P
https://www.aamc.org/what-we-do/mission-areas/medical-education/cbme/core-epas/publications
https://doi.org/10.23937/2469-5823/1510126
https://doi.org/10.1109/TSMC.2016.2607224
https://doi.org/10.1186/s12909-019-1535-9
https://doi.org/10.1097/ACM.0000000000002369
https://doi.org/10.1097/ACM.0000000000003897
https://doi.org/10.1097/ACM.0b013e3181b17e3e
https://doi.org/10.1007/s40037-017-0371-z
https://doi.org/10.1097/ACM.0000000000004799
https://doi.org/10.1097/ACM.0000000000004799
https://doi.org/10.1016/j.hjdsi.2020.100409
https://doi.org/10.1097/ACM.0000000000000719
https://psnet.ahrq.gov/perspective/building-systems-citizenship-health-professions-education-continued-call-health-systems
https://psnet.ahrq.gov/perspective/building-systems-citizenship-health-professions-education-continued-call-health-systems
https://doi.org/10.1007/s10459-020-10010-1
https://www.dovepress.com
https://www.dovepress.com


Advances in Medical Education and Practice                                                                                    Dovepress 

Publish your work in this journal 
Advances in Medical Education and Practice is an international, peer-reviewed, open access journal that aims to present and publish research 
on Medical Education covering medical, dental, nursing and allied health care professional education. The journal covers undergraduate 
education, postgraduate training and continuing medical education including emerging trends and innovative models linking education, 
research, and health care services. The manuscript management system is completely online and includes a very quick and fair peer-review 
system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/advances-in-medical-education-and-practice-journal

DovePress                                                                                             Advances in Medical Education and Practice 2023:14 514

Musick et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Results
	HSS Subject Exams
	System Citizenship Surveys

	Discussion
	Limitations
	Future Studies

	Conclusions
	Disclosure

