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Abstract
Introduction: As Doctor of Physical Therapy (DPT) programs 
increasingly explore competency-based education (CBE), the 
additional faculty time required for assessment remains a significant 
barrier. This study evaluates three CBE-aligned assessment design 
strategies within a first-semester anatomy course: (1) a combination 
of open- and closed-book summative assessments, (2) structured 
one-week summative assessment windows, and (3) learner choice 
in formative assessments. Each strategy was developed to reduce 
faculty workload while maintaining alignment with CBE principles.
Subjects: Sixty first-semester DPT students participated in a DPT 
anatomy course that utilized several CBE assessment principles 
offered within a Commission on Accreditation in Physical Therapy 
Education (CAPTE) accredited program.
Methods: This retrospective mixed-methods study analyzed 
assessment scores and survey responses from a redesigned CBE 
anatomy course. Data included scores from seven summative 
assessments (five open-book assessments offered within one-week 
windows and two closed-book exams), performance on twelve 
formative module assessments, and learner survey responses 
regarding perceptions of assessment design. Pearson correlation 
coefficients examined relationships between open- and closed-book 
summative performance and between formative assessment attempts 
and summative scores. Qualitative survey responses were analyzed 
thematically. 
Results: Performance on open-book summative assessments was 
significantly correlated with closed-book midterm (r = 0.33, p = 
0.01) and final exam scores (r = 0.52, p < 0.001), suggesting that

open-book assessments can effectively support preparation for high-
stakes, closed-book evaluations. In contrast, the number of formative 
assessment attempts did not significantly correlate with summative 
exam performance. Qualitative feedback highlighted reduced 
stress, increased learner autonomy, and improved faculty-learner 
interactions. Learners also recommended more structured deadlines 
and additional closed-book formative assessments to better simulate 
high-stakes testing environments.
Discussion and Conclusion: Findings provide preliminary evidence 
that open-book summative assessments, structured assessment 
windows, and learner-driven formative opportunities can support 
learning and performance in a CBE anatomy course. Programs 
transitioning to CBE may benefit from integrating structured open-
book assessments within anatomy curricula. Future research should 
explore how to optimize formative assessment design and validate 
assessment tools to enhance competency-based anatomy education.
Keywords: Competency-based education, open-book assessment, 
physical therapy anatomy, summative assessment, formative 
assessment, assessment window
Introduction
 In line with other health professions, physical therapy (PT) educators 
are being urged to shift into a competency-based education (CBE) 
model to ensure that graduates demonstrate the knowledge, skills, 
and professional behaviors required for safe, effective practice [1–3].
Despite growing national attention, there are only a small number 
of published examples of physical therapy CBE curriculum design 
[4] and CBE clinical education tools, [5] and minimal published 
examples of CBE Doctor of Physical Therapy (DPT) course 
implementation [6].
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 At the course level, CBE shifts the focus from time-based 
progression to the demonstration of competence on a more flexible, 
individualized learning schedule than traditional models [7, 8]. This 
approach allows learners to select study resources, and attempt 
assessments at their own pace, creating a personalized pathway to 
competency [9]. While this flexibility supports learner autonomy and 
self-regulation, it also introduces logistical challenges for faculty 
tasked with ensuring validity, equity, and feasibility of assessment 
across diverse learners. A primary goal of CBE is to ensure that 
graduates are adequately prepared to meet the evolving needs of 
health care systems [10]. To achieve this, assessments should closely 
reflect real-world clinical practice.
   Although published reports of CBE in physical therapy exist, most 
describe hybrid program delivery or clinical education innovations, 
leaving residential course-level strategies underexplored [11].
Understanding how CBE can be implemented within a traditional, 
in-person DPT course is essential, as these settings face unique 
pedagogical and operational constraints compared with hybrid 
models. Recent frameworks, including the core components of CBE 
[12] and the domains of competence for DPT education [13] provide 
a structure for aligning assessment design with national priorities; 
however, empirical evidence demonstrating how these frameworks 
can be enacted within residential coursework is lacking.
   In this course, competency was operationalized as applied anatomical 
knowledge sufficient to support safe examination, movement 
analysis, and early clinical reasoning, consistent with foundational 
expectations for entry-level physical therapist education. Specifically, 
the course assessed Northern Arizona University (NAU) Doctor of 
Physical Therapy (DPT) clinical competencies, including Knowledge 
for Practice 1 (KP1): Integrate knowledge of foundational sciences 
across the lifespan for clinical practice. Course learning objectives 
(CLOs) were explicitly mapped to these competencies (e.g., CLO1: 
Describe the anatomy and physiology of the musculoskeletal system 
that impacts movement → KP1), and each assessment item was 
aligned to a CLO and its corresponding clinical competency. Although 
NAU’s competency framework was developed prior to the release of 
the American Physical Therapy Association’s (APTA) competency-
based education (CBE) framework [14] in 2025, the constructs 
demonstrate substantial conceptual overlap, particularly within 
the Knowledge for Practice domain. Accordingly, the assessment 
redesign was intentionally structured to evaluate whether flexible, 
criterion-referenced assessment strategies could support learner 
demonstration of competency while maintaining psychometric rigor 
and feasibility in a residential anatomy course.
 Therefore, the purpose of this study was to evaluate the 
implementation of three assessment strategies designed to 
operationalize CBE principles within a first-semester DPT anatomy 
course: (1) a combination of open- and closed-book summative 
assessments to balance accessibility and rigor; (2) structured one-
week summative assessment windows that provide flexibility while 
maintaining pacing;  and (3) learner choice in formative assessments 
to promote self-directed learning.
   Each assessment design feature in this study was developed to 
operationalize core components of competency-based education, 
including learner-centeredness, flexibility, and programmatic 
assessment  [4, 12, 13].  Open- and closed-book summative assessments 
provided complementary measures of anatomical competence by 
balancing knowledge retrieval and clinical application. Structured 
one-week summative assessment windows supported flexible pacing 
within a fixed curricular progression, aligning with the principle 
of “flexible time, fixed competence.” Learner choice in formative 
assessments promoted self-regulated learning and feedback-driven 
improvement, consistent with programmatic assessment frameworks 
in health professions education [15, 16].

Review of Literature
  Assessment design in competency-based education must balance 
formative and summative approaches while considering the impact 
of open- and closed-book formats. Open-book assessments are often 
perceived as less stressful, allowing learners to reference materials 
and apply knowledge in a way that mirrors clinical decision-making 
[17]. However, while open-book exams may lead to higher grades and 
increased learner confidence, they do not necessarily improve long-
term retention, as learners may rely too heavily on external resources 
rather than internalizing key concepts [18, 19]. In contrast, closed-
book assessments promote active retrieval, reinforcing knowledge 
retention through the testing effect [20]. Given that competency-
based anatomy education requires both foundational knowledge and 
clinical application, using a combination of open- and closed-book 
assessments can help ensure both accessibility and retention [21].
   Beyond exam format, formative and summative assessments play 
distinct but complementary roles in CBE. Formative assessments 
provide ongoing feedback, allowing learners to track their progress 
and refine their understanding without the pressure of grades [22].
These assessments are designed to guide learners toward competency 
by offering low-stakes opportunities for improvement. Summative 
assessments, on the other hand, serve as high-stakes evaluations that 
determine whether learners have achieved the required competencies 
for professional practice [23, 24]. In a competency-based anatomy 
course, integrating structured formative assessments alongside 
well-designed open- and closed-book summative assessments can 
create an optimal learning environment that fosters both immediate 
comprehension and long-term retention.
   Designing authentic assessments within a CBE framework poses 
logistical challenges for PT anatomy educators [11, 25]. Ideally, 
authentic assessments replicate real-world clinical tasks through 
simulation, workplace-based assessment, or direct observation [26]. 
Multiple-choice questions, even when clinically contextualized, 
primarily assess cognitive application rather than performance. 
However, when structured as case-based questions and supported by 
videos and images, these multiple-choice assessments approximate 
authentic assessment more closely than traditional knowledge-
based multiple choice assessments as they require learners to apply 
anatomical concepts in clinically relevant contexts [11]. Other key 
logistical considerations include determining the appropriate balance 
between formative and summative assessments, deciding which, 
if any, should be open-book, and evaluating whether flexible due 
dates enhance learning. Taken together, the literature suggests that 
(1) mixed open-/closed-book strategies may support application and 
retention, (2) intentional formative design is central to programmatic 
assessment, and (3) structured flexibility can improve learner 
experience but requires careful logistics. These insights directly 
inform the assessment strategies examined in the present study.
Subjects
  Participants were 60 first-semester DPT learners enrolled in 
Movement Sciences I (MS1), an integrated anatomy course within 
a fully competency-based DPT curriculum. The study protocol was 
approved by the Institutional Review Board as exempt (Protocol 
2252057-2). Learners were informed that participation was voluntary 
and that their course grades would not be affected by their decision 
to participate. All students were given the opportunity to provide 
anonymous feedback on the CBE assessment process through an 
end-of-course survey and could separately elect to allow their de-
identified performance data to be used for research. Sixty of 63 
enrolled learners provided survey feedback, and 57 consented to 
inclusion of their de-identified performance data.
Methods
CBE Anatomy Course Structure  
   The MS1 course is an integrated anatomy course that combines 
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elements of biomechanics, physiology, human development, and 
introductory manual therapy content. The course is 8 credit hours 
and is offered in the first semester of the two-year fully competency-
based curriculum within a Commission on Accreditation in Physical 
Therapy Education (CAPTE) accredited DPT program. Course 
faculty planned MS1 using a backward design process focused first 
on desired learner outcomes at course completion. Accordingly, 
learners were encouraged to take an individualized path to obtain 
those outcomes. For example, learners with strong anatomical 
backgrounds were encouraged to attempt assessments when they 
felt ready, whereas learners with less experience were encouraged to 
spend more time studying before attempting assessments. All learners 
were given the opportunity to repeat any summative assessment up to 
three times, with the focus on obtaining competence rather than the 
number of attempts required to be successful.
   The first iteration of MS1 was delivered in a hybrid online format in 
the spring of 2024. While both faculty and learner experiences with 
the CBE model were overall positive, logistically the lack of due dates 
was challenging [6]. In the initial iteration of MS1, learners were able 
to submit any of their authentic assessments at any time up until the 
final week of class. Over 70% of learners strongly agreed that the 
flexibility of when to submit the summative assessments (integral 
to the CBE model) [7] supported their learning. However, many 
learners expressed a desire for 'more structure and stricter deadlines' 
in their course feedback. Additionally, faculty felt that the lack of any 
due dates during the semester itself limited the opportunities for the 
coaching process. 
Re-Designed Assessment Process
  In response, the assessment process was re-designed for learners 
who took MS1 in the fall of 2024. Instead of being able to submit 
authentic assessments at any point during the semester, learners 
were given 1 week assessment windows (defined as flexible, time-
bound periods during which a summative assessment could be 
submitted) throughout the semester where they could submit each 
authentic assessment. Learners still had the flexibility to submit that 
assessment at any time during that 1-week window. Competency was 
defined as achieving a score of ≥80% on each summative assessment; 
learners scoring below 80% were permitted up to three attempts, with 
structured feedback/coaching between attempts. If a learner did not 
submit their assessment within either the first or second assessment 
window, they forfeited one of their three assessment attempts. 
Faculty had 72 business hours from submission to return feedback 
to learners. Learners were then offered an opportunity to meet with 
their faculty grader before a second assessment attempt. If a learner 
required a third attempt, they had a mandatory meeting with the 
course lead but did not have a set window for completion. Although 

learners had flexibility within one-week assessment windows, all 
summative assessments were required to be completed by the end 
of the semester, and progression to subsequent courses was not 
accelerated based on early completion.
Assessment Description
 The second iteration of MS1 consisted of seven authentic 
assessments. Two of those assessments were closed-book multiple 
choice exams delivered in person and designed to replicate the testing 
environment of the NPTE exam. All multiple-choice exam questions 
were reviewed by NPTE question writers who were not part of the 
primary course faculty or involved in teaching content within the 
course. All the other MS1 authentic assessments were open-book 
auto-graded 30-40 question multiple choice authentic assessments. 
Learners were encouraged to complete all formative assessments and 
to complete the open-book summative assessments however they felt 
would best prepare them for the closed-book summative midterm 
and final assessments. Therefore, faculty did not encourage or limit 
the number of resources learners utilized during formative or open-
book summative assessments. Closed-book midterm and final were 
completed in a proctored environment without resources and a 90 
second time limit per question. This closed-book testing format was 
designed to prepare them to sit for the National Physical Therapy 
Examination (NPTE).
  In an effort to make the CBE assessments authentic to clinical 
practice, [27] each question focused on clinical scenarios. Through 
videos and images, learners had to apply their anatomical knowledge 
to answer questions like what nerve innervates the muscle that is 
being stretched in this picture? Items of this type were intended to 
build contextual anatomical competence simulating how they might 
apply that in clinical situations [27, 28]. While those multiple-choice 
questions were designed to emphasize application and clinical 
context, they remain limited compared to other performance-based 
assessments such as simulation or observed structured clinical 
examinations (OSCE) [26]. 
  As faculty redesigned the assessment structure, they grappled with 
whether all multiple-choice summative exams should be closed-
book. However, logistical constraints within the assessment window 
approach made it difficult to offer individually-scheduled, proctored 
closed-book exams while preserving the flexibility central to the 
CBE model. To balance rigor with accessibility, faculty implemented 
both open- and closed-book summative assessments. Open-book 
exams were available during flexible 1-week assessment windows, 
while closed-book exams took place on fixed dates [Table 1]. 
This approach allowed learners to maintain autonomy in pacing 
while enabling faculty to examine how performance on open-book 
assessments related to outcomes on closed-book exams [Figure 1].

Summative 
Assessment

Open/Closed 
Book

Submission 
Window

Recommended Didactic 
Module Content

Recommended Module 
Formative Assessments 

Anatomy & Tissue 
Physiology 

Open Aug 29 – Sep 5 2 2

Upper Extremity Open Sep 19 – Sep 26 1-5 1-5
NPTE Style 
Midterm

Closed Oct 7 1-5 1-5

Lower Extremity Open Oct 17 – Oct 24 1,2,6-8 1,2,6-8
Spine Open Oct 31 – Nov 7 1,2,9-10 1,2,9-10
Neuroanatomy Open Nov 14 – Nov 21 1,2,11-12 1,2,11-12
NPTE Style Final 
Exam

Closed Dec 9 1-14 1-14

Table 1. Summative Assessment Schedule
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 To better prepare learners for success on those authentic assessments, 
faculty introduced new formative assessments in the second iteration 
of MS1. Each assessment featured 20 multiple-choice questions 
targeting foundational anatomical knowledge, such as identifying the 
origin of specific muscles. Formative assessments were embedded 
within asynchronous Canvas modules aligned with course content 
and were intentionally sequenced alongside in-person synchronous 
sessions; learners were encouraged to complete formative 
assessments before, during, or after the corresponding synchronous 
instruction, while retaining autonomy over timing and participation. 
Learners could attempt them as many times as they wished, and while 
faculty would encourage participation, completion was not required.
 Because both the formative assessments and the summative 
assessment windows were newly introduced in the residential version, 
it was unclear whether engagement with formative assessments or 
success on open-book exams would predict performance on the high-
stakes closed-book assessments.
Data Collection
 Learners were given the opportunity to provide anonymous feedback 
on the CBE assessment process, as well as separately decide whether 
to share their grades with the research team; 60 of 63 enrolled learners 
provided survey feedback and shared grades. Learners answered a 
mixture of Likert and open-ended questions on their perceptions of 
the MS1 assessment process including open-book versus closed-
book, the CBE process, and their perceptions of the flexible due date 
policy. 
  Fifty-seven learners opted into the study and gave permission for 
their performance on the following assessments to be collated: 1) the 
twelve, 20-item multiple choice module formative assessments 2) the 
seven authentic assessments in the course 3) the number of attempts 
(1-3) it took them to pass each authentic assessment 4) the submission 
date of all open-book authentic assessments. A member of the 
research team linked that data to each learner and then deidentified 
all learner information for data analysis.

Quantitative Analysis Methods
Statistical Analysis
  Pearson’s product-moment correlation coefficients were used to 
examine the relationship between open-book summative assessments 
and midterm and final exam performance [Table 2] to determine 
whether success in open-book assessments predicted performance 
on closed-book exams. Pearson’s correlation was also applied to 
analyze the relationship between formative assessment attempts 
[Table 3] and midterm and final assessment performance. This test 
was selected for its ability to measure the strength and direction 
of linear relationships between continuous variables. Correlation 
significance was determined using p-values, with a threshold of 
p<0.05 considered statistically significant.
Quantitative Results
  “Ninety-eight percent of learners agreed the flexible due dates 
reduced stress, and 100% reported that the flexibility helped them 
manage their time more effectively.

Figure 1. Competency-Based Assessment Structure

Metric Midterm (%) Final (%)
Mean 91.42 92.43
Standard Deviation 6.44 6.79
Median 91.11 93.75
Min 68.89 67.86
Max 100 100
Table 2: Midterm and Final Exam Performance

Correlations Between Open Summative Assessments and Closed 
Midterm and Final
•	 Summative Assessments 1 & 2 (combined) significantly 

correlated with the midterm (r=0.33, p=0.01)
•	 Summative Assessments 4, 5, & 6 (combined) were significantly 

correlated with the final (r=0.52, p<0.001)
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Module Attempted (%) Not Attempted (%)
1 89.66 10.34
2 91.38 8.62
3 89.66 10.34
4 93.10 6.90
5 75.86 24.14
6 72.41 27.59
7 68.97 31.03
8 60.34 39.66
9 63.79 36.21
10 62.07 37.93

11 & 12 58.62 41.38
13 55.17 44.83

Table 3: Formative Assessment Completion Rates

Correlations Between Formative Assessment Attempt and Closed 
Midterm and Final
•	 Attempts for Modules 1-5 vs. Midterm: Not significant (r=0.14, 

p=0.28)
•	 Attempts for Modules 6-13 vs. Final: Not significant (r=0.07, 

p=0.61)
•	 Attempts for all Modules vs. Final: Not significant (r=0.05, 

p=0.70)
   When asked about the impact of open-book assessments on closed-
book performance, 92% of learners reported that their performance 
on open-book assessments influenced their success on closed-book 
exams. However, 33% of learners stated that their preparation for 
open-book assessments did not mirror their preparation for closed-
book exams.
Qualitative Analysis Methods
 We conducted thematic analysis of qualitative data from open-
ended survey responses to identify key trends and insights. Thematic 
analysis followed Braun and Clarke's six-phase framework: (1) 
familiarization with the data, (2) generating initial codes, (3) 
searching for themes, (4) reviewing themes, (5) defining and naming 
themes, and (6) producing the report [29].   

 A primary researcher conducted initial coding, categorizing 
responses into preliminary themes. To ensure reliability and reduce 
potential bias, two additional researchers independently reviewed 
the coded data and provided feedback. Any discrepancies in coding 
or theme identification were discussed until consensus was reached. 
Themes were finalized based on frequency, richness of responses, 
and relevance to the study's focus.
  Codes were then categorized into six overarching themes that captured 
learner perceptions of the assessment structure: (1) Reduced Stress 
and Anxiety, (2) Improved Learning Outcomes, (3) Enhanced Time 
Management and Study Strategies, (4) Increased Self-Efficacy and 
Confidence, (5) Greater Autonomy and Personalization of Learning, 
and (6) Positive Faculty-Learner Interactions. Representative quotes 
were selected to illustrate key points within each theme.
  In addition to open-ended responses, learners provided Likert scale 
ratings on various aspects of the competency-based assessment 
structure, offering quantitative insights into their experiences.
Qualitative Results
  In addition to the Likert-scale responses, thematic analysis of open-
ended feedback highlighted six major themes which are presented 
below in Table 4. and Figure 2.

Theme Theme Summary Supporting Quotes
Reduced Stress and 
Anxiety

Reduced stress shifted 
fear of failure to deeper 
engagement with 
learning process

•	 "Knowing I could try again if I struggled allowed me to focus on 
understanding rather than worrying about failing."

•	 "It reduced stress considerably and facilitated focusing more directly on 
learning the material."

•	 "It allowed for alleviated stress which helped me feel comfortable in testing 
environments to do my best work."

Improved Study 
Habits

Study habits promoted 
deeper engagement 
with content shifting 
focus from merely 
passing to content 
mastery

•	 "I was able to study the material more thoroughly, knowing I had multiple 
chances to succeed."

•	  "The process encouraged me to focus on learning rather than just achieving 
a passing grade."

•	 "It was beneficial to my learning as I was able to strengthen my understanding 
of the modules before having to take a higher stakes, closed-book exam."

Enhanced Time 
Management and 
Study Strategies

Learners could balance 
coursework with other 
responsibilities and 
optimize their learning 
pace.

•	 "I was able to manage my schedule better and prepare at my own pace."
•	 "The flexibility made it easier to balance coursework with other 

responsibilities."
•	  "The options that the flexible due dates allowed for made it so much easier 

to plan my study schedule in an effective and time-efficient manner."
Table 4. to be cont...
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Increased Focus 
on Learning Not 
Grades

Learners shifted 
focus from grades 
to genuine learning, 
where mistakes were 
seen as opportunities 
for growth rather than 
failure.

•	 "This approach immediately shifted my focus from a letter grade to truly 
acquiring and applying the curriculum."

•	 "I felt supported and encouraged to succeed, knowing I had another 
opportunity if needed."

•	 "It was difficult at first to get away from the fear of 'failure' that has always 
been a part of my academic experience. However, after the first couple of 
months, I began to feel more comfortable learning knowing that mistakes 
were not equivalent to 'failure' or significant consequences." Autonomy to 
Schedule Examinations

Autonomy 
to Schedule 
Examinations

Learners chose 
the optimal time 
and conditions for 
demonstrating their 
knowledge in the 
submission window.

•	 "Being able to navigate at my own pace was incredibly helpful as someone 
who works and studies simultaneously."

•	 "I liked that I could take the exam when I felt most prepared, which allowed 
me to perform at my best."

•	 "I believe, by giving each individual to take the exam at their own time, 
they are at an environment, and at a mind space that best gives them the 
opportunity to succeed."

Positive Faculty-
Learner Interactions

Learners felt more 
comfortable seeking 
faculty coaching with 
multiple assessment 
attempts

•	 "The opportunity to review my mistakes with my professor gave me a 
better understanding of the material."

•	  "I felt more comfortable reaching out for help because I knew my success 
was the priority."

•	  "I enjoyed the multiple attempts to pass as it helped me target areas I 
need to work on more. Also, I loved going over the questions I got wrong 
with my professor as they helped me understand the concepts during those 
meetings."

Table 4. Thematic analysis of open-ended feedback

Figure 2. Learner Perceptions of the Assessment Framework

Discussion
 The shift toward competency-based education (CBE) in physical 
therapy requires diverse assessment strategies to ensure learners 
develop both foundational knowledge and clinical reasoning skills. 
This model necessitates that faculty transition from primarily 
delivering content in a time-based curriculum to serving as coaches 
who guide learners toward demonstrating competence [11, 23, 30, 31]. 

However, this coaching model often demands more faculty time 
and intentional assessment design [23, 24]. As interest in CBE 
continues to grow within physical therapy, understanding how 
different assessment formats impact learning, performance, and 
workload is critical. Epstein [24] highlights that competency-based 
assessment should integrate multiple assessment methods to ensure 
comprehensive evaluation of clinical competence, supporting our 
rationale for incorporating diverse assessment formats.
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  Our findings offer preliminary descriptive insights into how selected 
assessment strategies align with competency-based education 
principles. Van Melle et al. describe the core components of CBE, 
including learner-centeredness, flexibility, and programmatic 
assessment, all of which informed the design of assessment windows 
and multiple attempts in this study [12]. Similarly, Knox et al. outlined 
the domains of competence for DPT education, emphasizing that 
assessment should span foundational knowledge, clinical reasoning, 
and professional behaviors [13]. The integration of open-book and 
closed-book formats within assessment windows aligns with these 
frameworks by supporting both knowledge retrieval and application 
in ways that mirror clinical practice. 
   This study explored learner feedback and performance on three 
potential CBE assessment strategies: (1) A combination of open- 
and closed-book summative assessments, (2) One-week assessment 
windows and (3) learner choice in the formative assessment process.
Open vs. Closed-Book Summative Assessments
 Our primary research question explored whether open-book 
summative assessments correlated with performance on closed-
book exams. The results indicate a significant positive correlation, 
suggesting that well-designed open-book summative assessments 
can serve as a valuable tool for reinforcing knowledge and preparing 
learners for high-stakes, closed-book assessments. This approach 
reflects prior research emphasizing the importance of assessment 
formats that promote active recall and deeper cognitive engagement, 
reinforcing the value of using both open-book and closed-book 
assessments within a CBE course [15, 19, 21].
  Past research has identified high levels of learner anxiety with 
traditional closed-book anatomy assessments [32, 33]. To reduce this 
stress, course faculty introduced open-book summative assessments. 
This approach aimed to not only decrease anxiety but also support 
long-term retention and more opportunities for knowledge 
application [18]. Offering individually-scheduled, proctored 
closed-book exams for 63 learners would have undermined the 
flexibility central to the CBE model. Faculty considered delivering 
all summative assessments in a closed-book format within flexible 
windows but ultimately chose a hybrid approach. In this design, open-
book assessments were scheduled within flexible windows, while 
closed-book NPTE-style exams occurred on fixed dates. The strong 
correlation observed between open- and closed-book performance in 
our study mirrors prior findings from nursing and medical education 
research demonstrating that open-book assessments can complement 
assessment programs and are not associated with worse closed-book 
performance [17, 18, 21]. These results also align with evidence that 
retrieval-based strategies, including open-ended testing, enhance 
long-term retention and problem-solving skills [19].
One Week Assessment Windows
  Learner feedback offered valuable insight into the use of assessment 
windows. Assessment windows were helpful in addressing the 
learner pacing concerns identified in the first iteration of the course 
where assessments were able to be turned in at any point during the 
semester [6]. Both faculty and learner feedback around the use of 
assessment windows in this course was highly positive. Learner 
perspectives in our study echoed key themes identified by the 
process outlined by Barua and Lockee, [34] including reduced stress, 
increased autonomy, and improved faculty-learner interactions when 
flexible assessments are implemented. While most learners found 
flexible due dates beneficial, some expressed a desire for more 
structured deadlines or additional closed-book formative assessments 
to better simulate high-stakes exam conditions. These findings 
underscore the importance of balancing flexibility with structure in 
competency-based assessment models to optimize learner learning 
and performance.
   As one of the first Doctor of Physical Therapy (DPT) programs 
to implement a competency-based curriculum, our study contributes

to the growing discussion on how to design logistically feasible and 
effective assessments in this emerging educational model. Jensen 
et al. specifically called for PT CBE implementation research that 
provides evidence on how the timing of assessments influences their 
reliability and what faculty support structures are associated with 
successful CBE implementation [3].
Learner Choice in Formative Assessment Process 
  Finally, we also examined whether engagement with formative 
assessments predicted summative assessment performance.  Formative 
assessments give learners the opportunity to practice retrieval-based 
assessment in a low-stakes environment [35] and are an important 
component within the CBE medical model [16, 36, 37]. The strategic 
design of formative assessments within a programmatic assessment 
model to support learner success on summative assessments helps 
to maximize their impact [15]. Formative assessments within CBE 
provide the learner a choice to complete them since they do not 
affect course grade. However, within physical therapy CBE, there are 
currently no studies examining the relationship between engagement 
with formative module assessments and learner performance on 
summative assessments. While prior research outside of PT suggests 
that formative assessments can enhance learning, [38, 39] our results 
did not demonstrate a significant correlation between formative 
assessment attempts and midterm or final exam scores. One possible 
explanation is that learners leveraged prior knowledge or adopted 
alternative study strategies aligned with their self-perceived needs, 
highlighting a key CBE principle: the learner’s ability to determine 
how they engage with material based on prior experience and 
perceived competence [37]. Another explanation is that the declining 
completion rates of formative assessments (from 93% in early 
modules to 55% in later modules) suggest that learner autonomy may 
reduce engagement without grade incentives potentially highlighting 
a potential tension between learner flexibility and accountability in 
CBE-based assessments.
Limitations
 This study has several limitations. First, it focuses on a single 
foundational anatomy course, which may not reflect the broader 
impact of competency-based assessment strategies in more clinical 
application courses in the curriculum. Second, given the descriptive, 
single-cohort design and absence of a comparison group, correlation 
analysis should be interpreted as preliminary evidence rather than 
conclusive. Third, although the exam questions were designed 
to assess clinical reasoning and anatomical application, they were 
not externally validated, which may limit the generalizability of 
the results. Additionally, all assessments were given in a multiple-
choice format which constrains authenticity. While multiple-choice 
questions can approximate clinical reasoning through cases, they do 
not replicate real-world performance in the same way that simulation 
or workplace-based assessments would. Multiple- choice assessments 
primarily address the ‘knows’ and ‘knows how’ levels of Miller’s 
pyramid whereas simulation and workplace-based assessments are 
better suited for evaluating the higher ‘shows how’ and ‘does’ levels 
of competence [26].
  The evaluation primarily addressed the first two levels of 
Kirkpatrick’s model: Level 1 (Reaction), through learner feedback 
on assessment design, and Level 2 (learning) 40 through analysis of 
performance on formative and summative assessments. However, it 
did not assess Level 3 (Behavior) or Level 4 (Results), such as how 
learners apply anatomical knowledge in clinical settings or long-term 
outcomes like NPTE pass rates. Without those longer-term outcomes, 
it remains unclear whether anatomy assessment performance 
translates into improved clinical competence.
   Additionally, at the time of course implementation, the national 
physical therapy competency framework and EPA structure had not yet 
been published [14]. As such, alignment between course design and 
professional expectations was not intentional but emerged organically.
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Future iterations of the course should explicitly map learning 
outcomes and assessments to the established competencies and 
EPAs to ensure consistency with national standards and support 
longitudinal tracking of learner development.
Conclusion
  Overall, this study provides preliminary short-term evidence that 
incorporating open-book summative assessments within assessment 
windows may provide a feasible strategy for balancing flexibility 
and rigor in a CBE curriculum. For programs considering a transition 
to CBE, these findings suggest that (1) open- and closed-book 
summative assessments may help balance accessibility and rigor, 
(2) structured one-week assessment windows may offer flexibility 
while maintaining learner pacing, and (3) providing learner 
choice in formative assessments can promote autonomy. Future 
research should further explore the role of formative assessments 
in competency-based learning and identify best practices for 
optimizing assessment design in DPT education.  Additionally future 
studies should examine other subject areas within PT education and 
incorporate validated assessment tools to strengthen the reliability 
of results. Specifically, evaluating learner performance beyond the 
classroom including long-term anatomical knowledge retention as 
well as clinical behavior and licensure success will be essential to 
fully understand the effectiveness of the potential CBE assessment 
strategies presented here.
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