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Abstract 

Background Curriculum mapping enables continuous quality improvement of the medical curriculum by identify-
ing where and how frequently specific knowledge, skills and attitudes are taught and assessed within an educational 
program. However, once curricular gaps and redundancies have been identified, selecting and implementing strate-
gies for revising the curriculum can be challenging.

Methods Here we describe how we filled a curricular gap using a Theory of Change (ToC) model to create a frame-
work and process for curricular revision.

Results Working backwards from our long-term goal of assuring that our graduates meet each of our educational 
program goals, the ToC approach prompted us to recognize and articulate implicit assumptions that underly our cur-
riculum. It also helped guide us in identifying both the resources available for developing new curricular interventions 
and the strategies for filling the gap within each phase of our medical curriculum. Finally, the ToC framework required 
that we specify the short-term and medium-term outcomes for curricular revision, including new assessments 
that would confirm that all our students meet each of our educational program goals.

Conclusions Developing a Theory of Change model for curricular revision has multiple advantages: it makes explicit 
the planning for curricular change, it facilitates communication with curricular stakeholders, and it benchmarks 
the progress of curricular revision.

Keywords Curriculum mapping, Theory of Change, Curricular revision

Background
A medical school curriculum is a complex program of 
teaching and learning that must be coherent and coor-
dinated to meet accreditation standards. To make the 

curriculum transparent to all stakeholders including fac-
ulty, students and oversight bodies, many medical school 
create a centralized curriculum map that demonstrates 
how their curriculum supports the educational goals of 
their program [1–3]. Curriculum designers use curricu-
lum maps to compare an existing curriculum to an ideal 
curriculum recommended by national and/or interna-
tional experts [4, 5]. By facilitating the identification of 
curricular gaps and redundancies, a curriculum map can 
serve as a tool for continuous quality improvement of the 
curriculum.

Reports on curricular gaps identified by curriculum 
mapping seldom propose actionable plans for how that 
the gap might be filled. For example, a 2014 comparison 
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of the curriculum maps from all UK medical schools 
against consensus guidance for teaching about alcohol, 
drugs and tobacco revealed that the topic of iatrogenic 
addition was insufficiently addressed [6]. The authors of 
the study made no specific suggestions about how any 
of the UK medical schools might add this topic to their 
curricula. Similarly, a study that identified curricular gaps 
in teaching and learning related to social and behavioral 
sciences at a US medical school called for revisions to 
clerkships without specifying what the revisions should 
be [7]. Another curriculum mapping effort resulted in 
a recommendation that assessments of sexual health 
knowledge be added to a US medical school’s curricu-
lum without specifying what form the assessment should 
take, or at which point in the curriculum they should be 
implemented [8]. Most recently, a report on curriculum 
maps for four Massachusetts medical schools proposed 
that the competency of serious illness communication be 
deliberately included in a longitudinal curriculum [9], but 
did not suggest how this goal might be achieved at any of 
the schools.

Here we describe how curriculum mapping identified 
an unanticipated gap in our medical school curriculum 
and how we used the Theory of Change (ToC) method-
ology to identify and implement interventions for filling 
this curricular gap. Although we did not begin mapping 
for the purpose of identifying curricular gaps, finding 
one prompted us to reconsider the apparent mismatch 
between our intended (planned or written) curriculum, 
the delivered (taught and/or tested) curriculum and the 
experienced (learned) curriculum.

We selected the ToC approach for curriculum revi-
sion because it works well for designing and evaluating 
complex systems. By articulating a process for achieving 
specific long-term outcomes through a logical sequence 
of intermediate outcomes, a ToC requires explicit identi-
fication of any underlying assumptions and/or contextual 
factors that might influence the process of change [10]. 
Others have successfully used ToC frameworks to evalu-
ate how interventions lead to desired outcomes within 
public health programs [11], which are inherently com-
plex and large-scale programs with multiple interacting 
components delivered at multiple levels. Undergradu-
ate programs of medical education (UME) are similarly 
complex: they must meet accreditation standards estab-
lished by an outside governing body while incorporating 
teaching/learning in several biomedical and clinical dis-
ciplines under the direction of multiple course and clerk-
ship directors overseen by an institutional curriculum 
committee.

Previously, ToC methodology has been used to develop 
a national consensus for implementing training for UK 
urology residents in quality improvement skills [12]. It 

has also guided the development, implementation, and 
evaluation of theory based educational interventions 
across the broad scope of graduate medical education 
[13]. However, the medical education literature likely 
underreports the extent to which the ToC model has 
been utilized for quality improvement projects. As ToC 
frameworks are usually created to serve as a roadmap for 
achieving internal change within a program, they largely 
serve the team of change agents that create them and are 
seldom disseminated [14].

Here we describe both how we identified a curricu-
lar gap and how we filled it by developing a Theory of 
Change model to guide curricular revision of an under-
graduate medical education program at the University of 
Virginia School of Medicine.

Methods
Curriculum mapping: identifying a curricular gap
The curriculum at the University of Virginia School of 
Medicine is structured in three phases: Phase 1 (pre-
clerkship), Phase 2 (clerkship) and Phase 3 (post-clerk-
ship) [15]. Learning objectives and clerkship objectives 
for each phase of the curriculum have been in place since 
2010, however these had never been mapped to the UME 
educational program goals, which are framed as the 
Twelve Competencies of the Contemporary Physician 
[15, 16] and shown in Table 1.

In preparation for an upcoming accreditation cycle 
and for the opening of a new regional campus, a three-
person committee consisting of the Associate Dean for 
Curriculum (co-author M.J.B), the Director of Curricu-
lum Integration and Development (co-author M.K.W), 
and the Senior Advisor for Educational Affairs began the 
process of curriculum mapping in 2019. The goal of the 
mapping exercise was twofold: to assure ourselves that all 
graduates of our medical school achieve each of the edu-
cational program goals, and to provide data that would 
help us meet the accreditation standards for the Liaison 
Committee on Medical Education [17].

The committee began by making collaborative 
decisions on how each of the session-level learning 
objectives associated with Phase 1 might map to one 
or more of the Twelve Competencies of the Contem-
porary Physician. However, this proved unfeasible 
because for the 18-month (pre-clerkship) Phase 1 of 
the curriculum, each hour of the curriculum is asso-
ciated with several session- level learning objectives 
that describe knowledge, skills and attitudes students 
should be able to exhibit after having engaged in a class 
activity. To simplify the mapping process, the commit-
tee developed a set of 20–25 course level objectives for 
each of the thirteen pre-clerkship courses to specify 
the broad goals of teaching and learning in each of the 
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courses. These course objectives were approved by the 
curriculum committee and serve as an intermediate 
layer of the curriculum map. The Director of Curricu-
lum Integration and Development next mapped each 
Phase 1 session-level learning objective (approximately 
6800 in total) to one or more of the Phase 1 course 
objectives, and every course objective to one or more 
of the educational program objectives. Once complete, 
the preliminary maps for each course in Phase 1 were 
returned to the Associate Dean for Curriculum and 
the curriculum committee for review and approval.

Figure  1 demonstrates an example of how four spe-
cific session-level learning objectives in the Mind Brain 
and Behavior (MBB) course were mapped to two dif-
ferent MBB course objectives. These two course objec-
tives map to three of the twelve educational program 
goals for the University of Virginia School of Medicine 
(Competencies 2, 6 and 9; see Table  1). Mapping was 
completed in a customized learning management sys-
tem (VMed) that enables searches of the curriculum 
by learning objective, by keyword, by course objective, 
by course or by curricular thread (discipline) (Fig. 2).

Developing a Theory of Change framework to fill 
a curricular gap
To fill the apparent curricular gap on the topic of prog-
nosis/prognostication identified through curriculum 
mapping (see Results) and to ensure that all our gradu-
ates meet each of the twelve educational program goals, 
including that of “formulating a prognosis…”, the Director 
of Curriculum Integration and Development (M.K.W.) 
and the Associate Dean for Curriculum (M.J.B.) devel-
oped a Theory of Change framework for curricular revi-
sion (see Fig.  4). We began by articulating the implicit 
assumption that all graduates of our program achieve 
the twelve competencies that serve as our educational 
program goals (Table  1), including the skill of prognos-
tication. We also articulated the assumption that many 
courses and clerkships in our curriculum included both 
teaching and assessment on this topic. Next, the two 
of us identified all the resources that might be avail-
able for correcting this gap, including the curricular 
time, the assessments and the personnel. Phase 1 pre-
clerkship courses provided curricular time for teaching 
and learning about the concept of prognosis, whereas 
the clerkships in Phase 2 and required clinical courses 

Table 1 Educational program goals: the Twelve Competencies Required of the Contemporary Physician

The Twelve Competencies of the Contemporary Physician articulate the clinical and interpersonal skills students will possess at the completion of the UVA School of 
Medicine undergraduate education program

1. Demonstrate in practice a set of personal and professional attributes that enable independent performance of the responsibilities of a physician 
and adaptation to the evolving practice of medicine. Attributes include:
 • Humanism, compassion and empathy
 • Commitment to collegiality and interdisciplinary collaboration
 • Engagement in continuing and lifelong self-education
 • Awareness of a personal response to one’s personal and professional limits
 • Engagement in community and social service
 • Commitment to high ethical standards for personal and professional conduct
 • Knowledge of legal standards and commitment to legal conduct
 • Awareness of economic issues in clinical practice
 • Cultural competency and responsiveness in clinical practice and professional relationships
2. Apply the scientific basis of medicine to:
 • Current clinical practice
 • The analysis and further expansion of medical knowledge and understanding
3. Engage and communicate with a patient, develop a student-patient relationship, and communicate with others in the professional setting, using 
interpersonal skills to build relationships for the purpose of information gathering, guidance, education, support, collaboration and the provision 
of individualized patient care
4. Take a clinical history, both focused and comprehensive
5. Perform a mental and physical examination
6. Select, justify and interpret selected clinical tests and imaging
7. Explain the rationale for and be able to perform a variety of basic clinical procedures
8. Record, present, research, analyze and manage clinical information
9. Diagnose and explain clinical problems in terms of pathogenesis, develop a basic differential diagnosis, and demonstrate clinical reasoning 
and problem identification
10. Identify, select, and justify clinical interventions in the natural history of disease, including basic preventive, curative and palliative strategies
11. Formulate a prognosis about the future events of an individual’s health and illness based upon an understanding of the patient, the natural history 
of disease, and upon known intervention alternatives
12. Provide clinical care within the practical context of a patient’s age, gender, personal preferences, family, health literacy, culture, religious per-
spective, and economic circumstances. This competency goal also includes consideration of relevant ethical, moral and legal perspectives includ-
ing patient advocacy and public health concerns, as well as the resources and limitations of the healthcare system
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in Phase 3 offered opportunities for practicing the skill 
of prognostication. All phases of the curriculum offered 
opportunities for assessing students on their mastery of 
prognosis/prognostication, whether on written examina-
tions in Phase 1, or student performance evaluations and 
Objective Structured Clinical Examinations (OSCEs) in 
Phases 2 and 3. The personnel available to help with fill-
ing the gap included all the course and clerkship direc-
tors and curricular oversight bodies.

The third step in developing the ToC framework was 
to decide on curricular interventions that would help 
close the curricular gap on prognosis/prognostication. 
As we had already resolved to redesign the curricula for 
Phases 2 and 3 in preparation for the 2021 opening of a 
regional medical campus, one intervention was to collab-
orate with course directors for Phase 3 and the clerkship 
director for Internal Medicine to overhaul their course 
and clerkship objectives in alignment with each of our 
educational program goals (i.e., the Twelve Competen-
cies Required of the Contemporary Physician) [15]. This 
ensured the skill of prognostication would be formally 

addressed in the Internal Medicine clerkship, as well as 
in each of the required Phase 3 courses, including Critical 
Care Medicine and Emergency Medicine and the hospi-
tal-based Advanced Clinical Electives. Written at a high 
level of Bloom’s taxonomy of learning [18], the new clerk-
ship objectives replaced all the existing objectives, many 
of which were written prior to 2019 and at a low level of 
Bloom’s taxonomy. A second intervention was for the 
Associate Dean for Curriculum to prompt Phase 1 course 
directors to reconsider whether they were teaching and 
assessing on the topic of prognosis wherever appropriate 
in the pre-clerkship curriculum.

Results
Curriculum mapping of Phase 1, 2 and 3 courses
The results of mapping the entire 2018- 2019 Phase 1 
curriculum are shown in Fig.  3, which shows how ses-
sion-level learning objectives map to the twelve edu-
cational program goals for in the morning curriculum 
(organ systems courses) and the afternoon “doctoring” 
course (Foundations of Clinical Medicine) separately. As 

Fig. 1 Example of curriculum mapping for four learning objectives for the Phase 1 course Mind Brain and Behavior (MBB). These four learning 
objectives are mapped to three of the twelve educational program goals (i.e. the Twelve Competencies of the Contemporary Physician) [15] 
through intermediary links to two of the course objectives for MBB
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expected, the curriculum map for 2018–2019 showed 
that the science of medicine (Competency #2) was a 
strong emphasis for the morning courses, as was the 
interpretation of tests and images (Competency #6), 
explaining pathogenesis (Competency #9) and treatment 

(Competency #10). These same competencies were 
emphasized in the afternoon “doctoring” course, as 
were the personal and professional attributes of a phy-
sician (Competency #1), communication skills (Com-
petency #3), taking a medical history (Competency 

Fig. 2 Dashboard for VMed, the bespoke School of Medicine learning management system, illustrating how the pre-clerkship phase (Phase 1) 
of the 2022–2023 curriculum could be searched for learning objectives using the search term “prognosis” and the UVA Competency #11 (Formulate 
a prognosis…). The owner course, course objective, course activity and curricular thread (discipline) are not specified in this search

Fig. 3 Results of curriculum mapping for the 2018–2019 Phase 1 morning curriculum (organ-system courses) and afternoon curriculum (doctoring 
course). The pie charts indicate the percentage of learning objectives in the Phase 1 morning and afternoon curricula that correspond to each 
of the Twelve Competencies Required for the Contemporary Physician [15] that serve as educational program goals
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#4) performing a physical exam (Competency #5), and 
recording and presenting clinical information (Com-
petency #8). In contrast, review of later phases of the 
curriculum (data not shown) demonstrated that Com-
petencies #7 and 12 (both underrepresented in Phase 
1) were well represented in Phases 2 (clerkships) and 3 
(post-clerkships) when patient care and clinical proce-
dures are strongly emphasized. However, there was a 
paucity of session-learning objectives related to Com-
petency #11 (Formulate a prognosis…) in Phase 1 of the 
curriculum.

A review of learning objectives for 2018–2019 Phase 
2 and Phase 3 courses also revealed relatively few objec-
tives related to Competency #11 (“Formulate a progno-
sis….”). Of the 781 learning objectives in aggregate listed 
for 16 required clerkships in Phase 2, only 7 referenced 
formulating a prognosis for a patient. Review of the 
Phase 3 learning objectives listed for 63 post-clerkship 
courses (including 17 advanced clinical electives) identi-
fied only 1 out of 642 that would map to the competency 
“formulate a prognosis…”.

To investigate further, all three phases of the curricu-
lum were remapped using synonyms for prognosis such 
as “trajectory of illness”, “goals of care” and similar terms. 
The results confirmed that our curricular map for the 
2018–2019 year had a curricular gap related to prognosis/
prognostication, a realization that threatened the valid-
ity of any assumption that all graduates of our program 
achieved all twelve goals of our educational program.

A Theory of Change framework to fill a curricular gap
Our ToC framework guided us to anticipate three short-
term outcomes of the interventions we implemented for 
Phase 1 courses and Phase 2/3 clerkships and advanced 
clinical electives. First, we anticipated increases in the 
number of session-level learning objectives in Phase 1 
and that the number of course and clerkship objectives 
in Phases 2 and 3 related to prognosis/prognostication. 
After short-term outcomes were achieved, we expected 
the medium-term outcomes from our curricular revision 
would be that students would be assessed on prognosis 
or prognostication in every phase of curriculum, either 
on written exams, student performance evaluations and/
or OSCEs.

Since the overhaul of the Phase 2 and 3 in the 2019–
2020 academic year, we have completed mapping for all 
three phases of the curriculum and ensured that stu-
dent performance evaluations for Phase 2 and 3 courses 
address prognostication. Meeting each of these medium-
term benchmarks for curricular revision helps provides 
reassurance we are reaching our long-term goal for all 
graduates to achieve Competency #11 (Formulate a prog-
nosis…). To date, the skill of prognostication has not yet 

been assessed on Objective Structured Clinical Exams 
(OSCEs). This remains a goal for the future.

Discussion
At the start of our curriculum mapping efforts in 2018–
2019, we did not anticipate identifying any specific gaps 
in our UME curriculum and were surprised to realize 
how few of our session-level learning or course objectives 
(and assessments) related to prognostication. Previous 
reviews of our UME curriculum by faculty and students 
had not identified this topic as an area of deficiency for 
our learners, suggesting that the experienced (or learned) 
curriculum was adequate on this topic. Nonetheless, 
our intended (written) curricular session-level learning 
objectives did not provide evidence that our students 
mastered this competency. Mismatches between the 
intended (planned or written) curriculum, the delivered 
(taught and/or tested) curriculum and the experienced 
(learned) curriculum can occur whenever instructor 
goals, classroom instruction and assessments, and stu-
dent perceptions of curricula do not align [19, 20].

Correcting misalignments and/or gaps in a curriculum 
map is essential if all stakeholders, including curricular 
oversight bodies and accreditors, are to have an accu-
rate and shared understanding of what the curriculum 
includes and how it is sequenced. Moreover, a robust 
curriculum map facilitates the process of identifying how 
new topics can be included in an existing curriculum. 
Sullivan and colleagues, for example, leveraged a curric-
ulum map at their own medical school to propose how 
new curricular content on climate change could be added 
to existing curricular sessions without increasing curric-
ular time [21].

Although some authors have criticized Theory of 
Change models as overly linear [22], this linearity can 
be helpful when considering complex systems. Utiliz-
ing the ToC approach for curricular revision prompted 
us to recognize our fallacy in assuming there was good 
alignment between our curriculum map and our edu-
cational goals. Moreover, it helped us to strategize how 
best to fill the gap in our curriculum map by guiding us 
in identifying specific resources that were available for 
correcting this misalignment, including opportunities 
for learning and assessment within our curriculum, and 
curricular leaders who could be tapped to help. Other 
authors have reported finding and filling a curricular gap 
without specifying how they decided on the specific cur-
ricular interventions or how they implemented curricu-
lar revision. For example, Fisher and colleagues proposed 
including Interprofessional Education (IPE), simulation 
and e-learning pedagogies in a UK medical school cur-
riculum to address a curricular gap on the topic of delir-
ium, but did not explain why they thought these teaching 
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Fig. 4 Theory of Change framework for curricular revision to address a curricular gap on prognostication. The framework requires specification 
of any underlying assumptions about the existing curriculum design (i.e., the need for change), the resources available for curricular revision (i.e., 
the personnel, curricular time, and testing materials necessary to effect change), the curricular interventions that would fill the identified curricular 
gap (i.e., the strategies for effecting change), and the short-term, medium-term and ultimate outcomes or indicators expected from revising 
the curriculum (i.e., the benchmarks for measuring change)
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strategies would be best [23]. Similarly, a report that 
identified a gap in substance misuse teaching at 19 medi-
cal schools in England did not describe how or why the 
authors decided on specific learning outcomes or cur-
ricular materials in order to fill the gap [24].

Utilizing a Theory of Change model for curricular revi-
sion has the advantage of requiring curriculum designers 
to articulate reasonable short-term and medium-term 
outcomes that would measure progress toward curricu-
lum revision. Our outcomes included curriculum com-
mittee approval of new course objectives in Phase 2 and 
3, and confirmation that student performance on prog-
nostication is assessed on the evaluations associated with 
clinical courses in Phase 2 and 3 (see Fig. 4). Identifying 
and listing the anticipated outcomes of curricular revi-
sion makes the process of transparent to stakeholders. 
Given that many curricular reforms at medical schools 
meet with inertia and resistance [25], communicating 
how curricular revision will be measured is critical. Facil-
itating the buy-in of stakeholders is an essential element 
of any successful change effort [26].

In summary, utilizing the structured Theory of Change 
approach to implement curricular revision has several 
advantages. First, the ToC methodology requires that 
the assumptions underlying a curriculum and the corre-
sponding curriculum map be made explicit. As described 
above, this requirement can provoke new realizations 
on the part of educational leaders about the design of 
an existing curriculum and its curriculum map. Second, 
developing a ToC model prompts curriculum designers 
to list multiple interventions that might be appropriate 
for revising the curriculum. This strategy discourages 
any temptation to jump to conclusions on quick fixes to 
“patch”, and superficially correct, curricular gaps. Thirdly, 
the ToC framework requires that short and long-term 
outcomes be articulated to specify how progress towards 
the long-term goal of curricular revision will be meas-
ured. This step clarifies, in a manner transparent to all 
stakeholders, how curricular change will be recognized 
and documented. The ToC framework also can be used 
at the classroom level to understand the effects of indi-
vidual education experiences [27].

The authors acknowledge that it is a limitation of this 
report that we describe evidence of a curricular gap 
based on a lack of learning objectives on the topic of 
prognosis and prognostication. We did not consider the 
degree to which the curriculum did or did not include 
assessments of these topics. However, as the policy at our 
institution is that all assessments must be linked to learn-
ing objectives, it is unlikely that significant assessment of 
prognosis/prognostication took place in the absence of 
learning objectives. In addition, it is a limitation that we 
report outcomes from using the Theory of Change model 

to effect curricular revision at one US medical school. 
Nevertheless, as the approach could be used to correct 
curricular gaps of any type within educational programs 
of any scale, we report our experience in hopes that the 
ToC approach might be of interest to educators those 
who oversee and design health science curricula at other 
schools.

Conclusion
In summary, our initial attempts at curriculum mapping 
revealed an unanticipated finding, that over 4 years of 
the curriculum, the intended curriculum rarely included 
teaching or assessment on the topic of prognostication. 
Using the Theory of Change approach, we developed a 
strategy for revising all three phases of the curriculum 
to fill this curricular gap. Creating a theory of change 
framework for curricular revision can be a useful consen-
sus-building process that allows those who design, lead, 
manage and evaluate the curriculum to come to a shared 
understanding of the goals of curricular revision and how 
they will be realized.
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