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Abstract 

Introduction: One of the challenges in medical education is effectively assessing basic science knowledge reten-
tion. National Board of Medical Examiners (NBME) clerkship subject exam performance is reflective of the basic sci-
ence knowledge accrued during preclinical education. The aim of this study was to determine if students’ retention of 
basic science knowledge during the clerkship years can be analyzed using a cognitive diagnostic assessment (CDA) of 
the NBME subject exam data.

Methods: We acquired a customized NBME item analysis report of our institution’s pediatric clerkship subject exams 
for the period of 2017–2020 and developed a question-by-content Q-matrix by identifying skills necessary to master 
content. As a pilot study, students’ content mastery in 12 major basic science content areas was analyzed using a CDA 
model called DINA (deterministic input, noisy “and” gate).

Results: The results allowed us to identify strong and weak basic science content areas for students in the pediat-
ric clerkship. For example: “Reproductive systems” and “Skin and subcutaneous tissue” showed a student mastery of 
83.8 ± 2.2% and 60.7 ± 3.2%, respectively.

Conclusions: Our pilot study demonstrates how this new technique can be applicable in quantitatively measur-
ing students’ basic science knowledge retention during any clerkship. Combined data from all the clerkships will 
allow comparisons of specific content areas and identification of individual variations between different clerkships. 
In addition, the same technique can be used to analyze internal assessments thereby creating an opportunity for the 
longitudinal tracking of student performances. Detailed analyses like this can guide specific curricular changes and 
drive continuous quality improvement in the undergraduate medical school curriculum.

Keywords: Undergraduate Medical Education (UME), Basic science knowledge retention, Foundational sciences, 
Subject exam, Quantitative analysis of assessments
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Introduction
The longitudinal emphasis and enduring value of basic 
science education in medical school continue to be a 
focus for basic and clinical science educators who strive 
to develop a horizontally and vertically integrated cur-
riculum. Since the Flexner report of 1910 [1], which 
shaped the standards of medical education, students’ 
expectations have transcended what has been established 
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as precedence over a century ago. The voice of dissat-
isfaction from students over the lack of relevance and 
application of basic science education during their clini-
cal education has become louder each year. In parallel, 
faculty have complained about students’ repeated failure 
to recall relevant basic science at the bedside, operating 
room, and outpatient clinical environments. The educa-
tion, experiences, and natural evolutionary changes in 
the practice of medicine have continued to expand since 
1910. A core value that helps define the importance of 
dynamic change in medical education is the school’s con-
tinuous quality improvement (CQI) initiative that uncov-
ers, collects, and interprets outcomes that can influence 
and guide major/minor curricular reforms. Along the 
journey to raise the bar of basic science education, an 
important ingredient is the identification of tools and 
resources to help unite and remove barriers that define 
the 2 + 2 model of 1910 and redefine a protensive story 
that begins on the first day of medical school. One ele-
ment of our institution’s CQI process and the core aim 
of this paper was to leverage the itemized student data 
from the National Board of Medical Examiners (NBME) 
subject examinations of our clerkships as another tool to 
advance basic science integration and evaluate and pro-
mote retention and retrieval practices.

In basic science disciplines such as biochemistry, stud-
ies have reported that less than 50% of knowledge is 
retained when learning activities occur without associ-
ated clinical correlations in the preclinical years [2]. The 
literature suggests the need to recalibrate and redefine 
the value of retrieval, spacing, and interleaving to rein-
force core material that has an enduring purpose across 
the milestones that shape a career in medicine. Studies 
have shown that integration improves diagnostic accu-
racy and understanding of key clinical features [3]. How-
ever, many medical schools in the U.S. find it challenging 
to determine the best way to integrate information so that 
students can make lasting connections [4]. Significant 
issues that challenge the latitude in basic science curricu-
lum redesign include the competing priorities of an ear-
lier clinical experience, a robust health science education, 
professional/leadership development and opportunities, 
professional identity formation/wellness programs, and 
specialized pathways/tracks of distinction, to name a few. 
The objective of shaping future physicians is grounded in 
transferable and acquired skills that define a culture of 
educational excellence. This premise of achieving excel-
lence must include innovative practices that complement 
the value and importance of basic science competence 
and identify tools that will help achieve that very goal.

U.S. medical schools variably use NBME subject exami-
nations as a summative end-of-clerkship assessment 
of learning outcomes. In fourth-year medical students, 

studies have shown important correlations between 
NBME subject exams and in-house exam performance 
outcomes that assess the application of medical knowl-
edge, skills, and clinical reasoning, which are essential for 
providing patient care under supervision [5–7]. However, 
we did not find many studies that quantitatively meas-
ured basic science knowledge acquisition using subject 
exam data. We hypothesized that quantitative meas-
urement in retention of basic science knowledge in the 
clerkship NBME subject exam can help inform our CQI 
process and guide decisions that will correct deficiencies 
in the foundational science curriculum. The objective of 
this study is two-fold: 1) identifying new opportunities 
to challenge our pedagogical methods and assumptions 
about basic science integration and current practices 
across the continuum of medical education, and 2) meas-
uring comprehension, retention, and retrieval of basic 
science knowledge that is aligned to their clinical clerk-
ship experience.

Methods
Customized NBME subject exam data
A retrospective analysis of the University of Toledo Col-
lege of Medicine and Life Sciences (UTCOMLS) NBME 
subject exam item-level data for the pediatrics clerkship 
during the period of 2017–2020 was conducted to study 
the effect of pre-clinical curriculum on the retention of 
basic sciences during clinical years. The study involved 
data from the academic years of 2017–2018, 2018–2019, 
and 2019–2020 with about 185 students in each aca-
demic year.

NBME subject exams are developed to assess clini-
cally oriented skills and the corresponding foundational 
science knowledge within the realm of a given clerkship. 
These exams are often used by medical schools as a por-
tion of their grade for a given clinical rotation. Normally, 
NBME does not provide details about the questions that 
appear on subject exams to individual institutions. The 
standard item analysis report that they provide after 
each subject exam, a redacted portion of which is shown 
in Fig. 1 (left panel), only gives the content areas corre-
sponding to each question in the exam, and the “prob-
ability value” (p-value) of the institution for that question 
compared to the national average. This p-value merely 
provides an estimate of item difficulty with regard to 
a content area, which is not sufficient information for 
any kind of quantitative analysis. We obtained approval 
from the Institutional Review Board and acquired a cus-
tomized report from NBME that had individual student 
performance data. A representative portion of the cus-
tomized item analysis report is shown in Fig.  1 (right 
panel). Similar to the standard item analysis report, 
the customized report also contained the keywords 
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representing the content areas assessed for each ques-
tion (Column C “KEYWORD”; Fig.  1, right panel) that 
appeared in the subject exam. Each subject exam usually 
has 100 questions (denoted as assessment items). Thus, 
the performance of each student across these 100 items 
was provided in a binary format, where “1” indicated a 
correct response given by the student, and “0” indicated 
an incorrect response (Column B “SCORE”; Fig. 1, right 
panel). Cumulatively, the report contained combined 
data of 185 students at UTCOMLS across several blocks, 
with each block having 14–20 students who rotated 
together (4.5–6  weeks) and took the same exam at the 
end of the rotation.

DINA model analysis
We used a cognitive diagnostic assessment (CDA) 
method to assess skill mastery of students longitudinally 

and comparatively. CDA measures the strengths and 
weaknesses of a knowledge domain in terms of the 
information that is learned and that which has yet to be 
acquired [8–10]. For this pilot study, we analyzed con-
tent mastery in 12 key basic science content areas using 
the deterministic input, noisy “and” gate (DINA) model 
[11]. The DINA model is a type of CDA that predicts the 
probability of mastery of latent variables such as skills 
or attributes [12]. Using the DINA model to assess skill 
mastery among students allowed us to overcome tradi-
tional limitations of item analysis, which include diffi-
culty in isolating which skill deficits are responsible for 
an incorrect response when a question assesses multiple 
skills at once. For example, if an item analysis were con-
ducted for an exam, and it only looked at the percentage 
correct for questions involving “skill A,” it would likely 
underestimate the student’s proficiency in “skill A” due 

Fig. 1 NBME Item analysis reports. Left panel: An excerpt of the standard item analysis report. The screenshot provides information about the 
item difficulty of each question (item) that appears on an NBME subject exam for the school vs. national. P value indicated probability values of 
getting the correct answer. For example, question number 50 on this exam was on “Management: Nervous system and special senses: infectious 
disorders” and our students had a p value of 0.78 compared to a national average of 0.60. Right panel: An excerpt of the customized item analysis 
report. The Excel sheet provides information on the performance of students in addition to the content area of the question. For example, the 
above image shows the performances of 18 students (represented in column A as R21-1, R21-2, R21-3, etc.) who rotated in the pediatric clerkship 
together and took the same exam. Their performances are given in a binary format in column B (SCORE), where 0 indicates wrong answer and 1 
indicates correct answer. The excerpt of the report presented in this figure shows the performances of these 18 students on two questions (out of 
100 total questions on the exam), which are represented in column C by the KEYWORDs “Prevention: Female reproductive and breast: infectious/
immune/inflammatory disorders” and “Management: Pregnancy/childbirth, and the puerperium: disorders of the newborn.” The student’s name is 
deidentified and an alternate ID is given (see column A; ID). In both cases, the details of the question are not given; rather, the content areas that are 
tested through this question are provided
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to confounding by the other skills required for the ques-
tions they had missed. Instead, the DINA model utilizes 
an expectation–maximization algorithm to estimate the 
most likely value of parameters in a statistical model; in 
the case of this study, the algorithm thus predicts the 
most likely explanation of mastery or non-mastery of 
skills for a student to explain their examination perfor-
mance [13]. Compared to the deterministic input, noisy 
“or” gate model (DINO), DINA is non-compensatory, 
meaning that lack of mastery of a skill cannot be rescued 
by mastery of other skills required by a given item. Due 
to the complexity of clinical presentations, we assumed 
that mastery of all skills tested by a given question 
required a correct response by the student. All instances 
of a student answering a question without mastery of all 
required skills were considered to be correct by chance 
(i.e., guessing). To identify which skills were required for 
each question, a Q-matrix had to first be developed [14].

Development of Q‑matrix
A Q-matrix [14] is a confirmatory matrix that identifies 
the skills required to answer each item in an assessment 
in a binary format, where “1” indicates the requirement of 
a skill to answer the item, and “0” indicates that a skill is 
not required by an item. We developed an I × J  Q-matrix, 
where j different skills or attributes were required to cor-
rectly answer i questions from the NBME Pediatrics Sub-
ject Exam. For example, to correctly answer question i 
on “Diagnosis: Gastrointestinal (GI) system: congenital 
disorders,” we determined that students needed to pos-
sess knowledge (skill) in 3 content areas: j1, diagnostic 
principles; j2, GI system; and j3, genetics. A total of 149 
skills were identified from the entire report. A partial list 
of skills identified is shown in Table 1. Each question had 
3–5 skills matched to them. Questions that assessed the 
same combination of skills sometimes appeared on the 
same exam or across different exams. For organizational 
purposes, these were assigned the same numerical iden-
tifier but with an additional, unique alphabetical classi-
fier to differentiate between different questions assessing 
the same skills. A sample list of questions mapped to 
the corresponding skills (Q-matrix) is shown in Table 2. 
We used 12 major content areas (major organ systems 
such as cardiovascular, respiratory, neuromuscular, etc.) 
for our pilot study, and the results are provided in this 
manuscript.

Comparison of different curricula
In 2017, UTCOMLS implemented a redesigned curricu-
lum named “Rocket Medicine," emphasizing a compe-
tency-based curriculum with early clinical experience. 
There was an enhanced focus on clinical medicine prepa-
ration and skills and early clinical experiences compared 

to the legacy curriculum. Since this major curriculum 
change happened during the study period, we were able 
to use the current method to compare the performance 
of students from the previous legacy curriculum with 
the Rocket Medicine curriculum. As such, the analy-
sis of content mastery was compiled separately for each 
block. For example, in the pediatric clerkship cohort that 
we examined for the year 2017–2018, 9 blocks of exam-
takers experienced the legacy curriculum, and 2 blocks of 
exam-takers received the new Rocket Medicine curricu-
lum. The DINA model was applied for each block sepa-
rately due to the use of different questions across exams. 
This provided an estimate of content mastery for each 
block independent of the other blocks. However, mas-
tery of individual skills was averaged for both the legacy 
and Rocket Medicine curricula, which was then used to 
compare the two sets. Due to the variability in the num-
ber of students per block or exam, a weighted average of 
content mastery was calculated. Statistical significance 
was calculated by regression analysis (R foundation for 

Table 1 Partial list of skills used for DINA model analysis

The knowledge in each of the content areas assessed in the NBME subject 
exams are marked as a “skill” necessary to answer the assessment items. A 
representative list of the major skills (30 out of 149 total skills) that appear in the 
pediatric clerkship subject exams is given above

Skills Name

SK-1 Diagnosis
SK-2 Management
SK-3 Prevention
SK-4 Foundation
SK-5 General principles
SK-6 Pediatric
SK-7 Pregnancy/childbirth/puerperium
SK-8 Organ systems
SK-9 Multisystem Processes and Disorders
SK-10 Cardiovascular system
SK-11 Respiratory system
SK-12 Renal and urinary system
SK-13 Gastrointestinal system
SK-14 Endocrine system
SK-15 Male reproductive system
SK-16 Female reproductive system
SK-17 Nervous system and special senses
SK-18 Musculoskeletal system
SK-19 Blood and lymphoreticular system
SK-20 Skin and subcutaneous tissue
SK-21 Behavioral health
SK-22 Social sciences
SK-23 Immune system
SK-24 Congenital disorders
SK-25 Inflammatory disorders
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statistical computing, Vienna, Austria) using parametric 
and nonparametric analyses. The block-by-block data 
was tested for normality using the Shapiro–Wilk and 
Q-Q plot tests. If the distribution was not normally dis-
tributed the least squares estimator was used to test for 
statistical significance.

Results
In our pilot study, we analyzed content mastery in 
select content areas (major organ systems in the body) 
that are designated as skills (Fig.  2). Some systems that 
include “Multisystem processes” and “Reproductive sys-
tem” reported a higher percentage of student mastery 
(87.01 ± 2.4% and 83.8 ± 2.3%, respectively), whereas 
“Skin and subcutaneous tissue” and “Blood and lympho-
reticular system” (60.7 ± 3% and 64.7 ± 2.9%, respectively) 
reported lower performance. The outcome of these find-
ings validated the importance of proper retrieval pro-
cesses and spaced integration of core topics in the basic 
sciences.

The cohort of students in the pediatric clerkship whose 
performance we analyzed and interpreted included stu-
dents from both the legacy and the new Rocket Medi-
cine curriculum. Accordingly, we separated the students 
based on their curriculum and analyzed them differen-
tially, which allowed us to compare results from both 

the legacy and the Rocket Medicine curriculum (Fig. 3). 
Students from the Rocket Medicine cohort, in general, 
outperformed students from the legacy curriculum in the 
“Cardiovascular system” (83.87% vs. 74.85%, respectively, 
p < 0.05) and “Skin and subcutaneous tissue” (74.19% vs. 
57%, respectively). With that said, we found that stu-
dents from the legacy curriculum performed better than 
students from the Rocket Medicine curriculum in the 
“Reproductive system,” 85.07% (legacy) mastery versus 
77.41% (Rocket Medicine), and “Immune system,” 77.5% 
(legacy) mastery versus 61.31% (Rocket Medicine).

Discussion
Our team was able to identify areas where our students 
demonstrated strength in content and other areas where 
their performance was weaker from the results of this 
pilot study using pediatric clerkship data. We found this 
finding informative as it validated assumptions about 
space, interleaving, and system alignment/integration of 
material within the foundational science curriculum of 
the M1 and M2 academic years. Furthermore, it informs 
and guides medical school faculty on ways to improve 
instruction, integration, and assessment of the content 
where mastery did not meet a standard of competence. 
In addition, we now have an opportunity to compare the 
above data from students in their clerkship years with this 

Table 2 Sample Q-matrix used for DINA model analysis

A representative sample of the question by skills Q-matrix that was developed for the DINA model analysis is given above. Each question that appears in the exam is 
mapped to the skills necessary to answer that question

Question IDs Keywords Skills

Q1 Prevention: Female reproductive and breast: infectious/immune/inflammatory disorders SK-3, SK-16, SK-31, SK-27, SK-25, SK-32

Q2 Management: Pregnancy, childbirth, and the puerperium: disorders of the newborn SK-2, SK-7, SK-30

Q3 Diagnosis: Respiratory system: disorders of the pleura, mediastinum, chest wall SK-1, SK-11, SK-33

Q4 Diagnosis: Skin and subcutaneous tissue: infestations and nonvenomous bites/stings SK-1, SK-20, SK-34

Q5 Diagnosis: Pregnancy, childbirth, and the puerperium: obstetric complications SK-1, SK-7, SK-35

Q6 Diagnosis: Cardiovascular system: congenital disorders SK-1, SK-10, SK-24

Q7 Diagnosis: Musculoskeletal system: traumatic and mechanical disorders SK-1, SK-18, SK-29

Q8 Foundation: Skin and subcutaneous tissue: viral infections SK-4, SK-20, SK-36

Q9 Diagnosis: Musculoskeletal system: immunologic disorders SK-1, SK-18, SK-32

Q10 Diagnosis: Respiratory system: infectious/immune/inflammatory disorders: upper airways SK-1, SK-11, SK-27, SK-32, SK-25, SK-37

Q11 Management: Multisystem processes and disorders: shock SK-2, SK-9, SK-38

Q12 Diagnosis: Nervous system and special senses: congenital disorders SK-1, SK-17, SK-24

Q13 Prevention: Cardiovascular system: infectious disorders SK-3, SK-10, SK-27

Q14 Diagnosis: Respiratory system: infectious/immune/inflammatory disorders: lower airways SK-1, SK-11, SK-27, SK-32, SK-25, SK-39

Q15 Foundation: Endocrine system: pituitary disorders SK-4, SK-14, SK-40

Q16 Diagnosis: Multisystem processes and disorders: viral infections SK-1, SK-9, SK-36

Q17 Diagnosis: Multisystem processes and disorders: immunologic and inflammatory disorders SK-1, SK-9, SK-32, SK-25

Q18 Gen Principle: Social Sciences: death and dying:pain management SK-5, SK-22, SK-41, SK-42

Q19 Management: Immune System: HIV/AIDS SK-2, SK-23, SK-43

Q20 Diagnosis: Blood and lymphoreticular system: neoplasms of blood and lymphatic system SK-1, SK-19, SK-44
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cohort’s internal assessment scores from their preclinical 
curriculum. Of note, we have shown that this model can 
be applied to analyze internal assessments similarly [15]. 
If analysis of the preclinical assessments shows the same 
trend (weak performance in a particular content area) as 

the analysis of clerkship subject exams, instruction can 
be modified to improve student performance. In con-
trast, if the internal assessments do not reflect a similar 
trend, that would indicate the probability that students 
are not able to retain the information in the clinical years. 

Fig. 2 Percent Student Mastery in Key Content Areas. The average percentage mastery of the 2017–2020 cohort of pediatric clerkship students at 
UTCOMLS in key content areas analyzed in this pilot study are represented in the figure. Error bars represent ± SE

Fig. 3 Comparison of the Percent Student Mastery in Key Content Areas. The average percentage mastery of the 2017–2020 cohort of pediatric 
clerkship students at UTCOMLS analyzed separately based on their foundational science curricula (Rocket Medicine vs. Legacy) are represented in 
the figure. Error bars represent ± SE
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These foundational science concepts could be reinforced 
during the clerkship years by meaningful integration with 
clinical sciences during their clinical rotations. Thus, 
instead of perceiving student performances as silos dur-
ing the clinical and preclinical years, this model presents 
an opportunity to connect the data and track mastery 
longitudinally using the principles of cognitive science. 
Another interesting observation was that the systems in 
the legacy curriculum that performed better were deliv-
ered in the M2 year preceding the clerkship experience, 
suggesting that curriculum timing influences the basic 
recall of important material. Together, the findings in this 
pilot suggest that basic science integration, which many 
of our clerkships foster through our CQI process, facili-
tates enhanced long-term retention.

Medical education continues to undergo an evolution-
ary change from the era of Abraham Flexner (1866–1959) 
[16]. The community of scholars and educators across the 
landscape of medical schools has imparted innovative 
programs that contribute to established trends in pur-
suit of educational excellence [17–19]. Major curriculum 
changes are challenging and impact all aspects of the 
curriculum spanning from teaching pedagogy to assess-
ment. Identifying tools like the NBME subject examina-
tion can help guide best practices and measure retrieval 
and retention of basic science knowledge [20]. The out-
comes have purpose and meaning in being one source 
of insightful knowledge to address CQI in applying basic 
science material in clinical clerkships. In addition to 
facilitating focused improvements in the foundational 
science curriculum, this method can be easily modified 
to assess the learning outcomes of students on in-house 
assessments. Together with the core clerkship outcomes, 
these data can be used for tracking longitudinal progress 
across the continuum of undergraduate medical educa-
tion. Moreover, using this approach creates feasibility in 
monitoring the success and CQI of new pedagogies. By 
analyzing the data over a sustained period, we can eval-
uate the efficacy of teaching methods and better define 
how to best develop our faculty as medical educators. As 
David Kern eloquently articulated in his 6-step approach 
to curriculum development [21], assessment of student 
performance in specific areas is a valuable tool to evalu-
ate the effectiveness of curricular changes. The trans-
formative work of Kern supports assessment tools, like 
the NBME subject exam, to guide curriculum changes 
creating an environment where learners develop a work-
ing memory that allows them to recall and apply in a clin-
ical environment.

This study suggests that the model presented here pro-
vides meaningful data only if multiple content areas from 
one assessment are analyzed. It is not possible to indi-
vidually determine or extrapolate mastery in one content 

area by itself. However, for our purposes, interpreting the 
outcome data for the content areas is a value added to the 
CQI process and curriculum planning. Although this is a 
pilot study, limitations include the inability to differenti-
ate if the same content area is repeated in other questions 
and how the student performance on those questions 
may or may not have changed. We circumvented this 
issue by naming the content area differently each time 
while still mapping it to the same skills.

Conclusion
This model that we developed will allow us to longitu-
dinally analyze student performances based on a cogni-
tive diagnostic assessment. This is beneficial to the CQI 
process of the institution in several different ways. For 
instance, as a next step, we intend to obtain data from 
all the clerkships and prepare similar reports. This will 
allow us to examine the cumulative data of various con-
tent areas and more importantly compare the individual 
variations between different clerkships. As an example, 
it would be advantageous to learn if the performance on 
“Cardiovascular system” differs between the pediatrics, 
internal medicine, and family medicine clerkships. In 
order to achieve this, we will have to compile the con-
tent areas and the corresponding list of skills from all 
the different clerkships. While we expect many of the 
major content areas to remain the same, additional con-
tent areas, if any, will be added to the same document. 
Detailed analyses like these will help the curriculum 
leaders to make decisions regarding whether more focus 
is needed on child versus adult pathologies and corre-
sponding basic science knowledge. Another plan is to 
analyze the performance of struggling students on inter-
nal assessments. If there are recurring patterns, it will 
allow us to conduct early interventions as well as long-
term planning. Thus, we believe that if followed up with 
further research, this method can potentially evolve into 
a standardized process for CQI in medical schools across 
the nation.

Acknowledgements
The authors wish to thank Dr. Coral D. Matus, the Associate Dean for founda-
tional science curriculum at the University of Toledo College of Medicine and 
Life Sciences for providing thoughtworthy comments and valuable sugges-
tions during the study and manuscript writing.

Authors’ contributions
ARM and LNM were responsible for the organization of the data and for writ-
ing the preliminary draft of the manuscript. AH and TC were responsible for 
the statistical analysis using DINA model. AH was also responsible for writing 
the methods section along with BM. PB, SZ and BK assisted in the statistical 
analysis of the data. DM and LMD were responsible for critically revising the 
work and for providing valuable feedback and suggestions. JL was primarily 
responsible for the revision of the manuscript. BM conceived the study, super-
vised the analyses and contributed to a major part of the manuscript writing. 
The author(s) read and approved the final manuscript.



Page 8 of 8Matus et al. BMC Medical Education          (2022) 22:771 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Funding
None.

Availability of data and materials
The datasets generated and analyzed are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The authors declare that all methods were carried out in accordance with rel-
evant guidelines and regulations. The study was approved by the “Institutional 
Review Board” of the University of Toledo. The need for consent is waived as 
per the conditions of the approval.

Consent for publication
Not applicable.

Competing interests
The authors report no declarations of interest.

Author details
1  Department of Medical Education, The University of Toledo College 
of Medicine and Life Sciences, Toledo, OH, USA. 2 Department of Mathemat-
ics and Statistics, The University of Toledo, Toledo, OH, USA. 3 Department 
of Medicine, The University of Toledo College of Medicine and Life Sciences, 
Toledo, OH, USA. 4 Department of Pediatrics, The University of Toledo College 
of Medicine and Life Sciences, Toledo, OH, USA. 5 Departments of Medical Edu-
cation and Neurology, The University of Toledo College of Medicine and Life 
Sciences, 318 Mulford Library, Mail Stop 1050; 3000 Arlington Ave, Toledo, OH, 
USA. 6 Departments of Medical Education and Physiology and Pharmacology, 
The University of Toledo College of Medicine and Life Sciences, 3105B CCEB; 
2920 Transverse Dr, Toledo, OH, USA. 

Received: 2 June 2022   Accepted: 29 October 2022

References
 1. Finnerty EP, Chauvin S, Bonaminio G, Andrews M, Carroll RG, Pangaro 

LN. Flexner revisited: the role and value of the basic sciences in medical 
education. Acad Med. 2010;85(2):349–55.

 2. Kennedy WB, Kelley PR Jr, Saffran M. Use of NBME examinations to assess 
retention of basic science knowledge. J Med Educ. 1981;56(3):167–73.

 3. Lisk K, Agur AM, Woods NN. Exploring cognitive integration of basic 
science and its effect on diagnostic reasoning in novices. Perspect Med 
Educ. 2016;5(3):147–53.

 4. Hopkins R, Pratt D, Bowen JL, Regehr G. Integrating basic science without 
integrating basic scientists: reconsidering the place of individual teachers 
in curriculum reform. Acad Med. 2015;90(2):149–53.

 5. Myles TD, Henderson RC. Medical licensure examination scores: relation-
ship to obstetrics and gynecology examination scores. Obstet Gynecol. 
2002;100(5 Pt 1):955–8.

 6. Zahn CM, Saguil A, Artino AR Jr, Dong T, Ming G, Servey JT, Balog E, Gold-
enberg M, Durning SJ. Correlation of national board of medical examiners 
scores with United States medical licensing examination step 1 and step 
2 scores. Acad Med. 2012;87(10):1348–54.

 7. Elam CL, Johnson MM. NBME Part I versus USMLE Step 1: predicting 
scores based on preadmission and medical school performances. Acad 
Med. 1994;69(2):155.

 8. Bangeranye C, Lim YS. How to use cognitively diagnostic assessments 
of student performance as a method for monitoring and managing the 
instructional quality in undergraduate medical education. Acad Med. 
2020;95(1):145–50.

 9. de la Torre J. The generalized DINA model framework. Psychometrika. 
2011;76(2):179–99.

 10. Junker BW, Sijtsma K. Cognitive assessment models with few assump-
tions, and connections with nonparametric item response theory. Appl 
Psychol Meas. 2001;25:258–72.

 11. von Davier M. The DINA model as a constrained general diagnostic 
model: Two variants of a model equivalency. Br J Math Stat Psychol. 
2014;67(1):49–71.

 12. Chen Y, Liu Y, Culpepper SA, Chen Y. Inferring the number of attributes for 
the exploratory DINA Model. Psychometrika. 2021;86(1):30–64.

 13. Wang C, Shu Z, Shang Z, Xu G. Assessing Item-level fit for the DINA 
model. Appl Psychol Meas. 2015;39(7):525–38.

 14. Tatsuoka KK. Rule space - an approach for dealing with misconceptions 
based on item response theory. J Educ Meas. 1983;20(4):345–54.

 15. Patel R, Kovacs K, Prevette C, Chen T, Matus CD, Menon B. Integration of 
E-learning into the Physiology Education of Medical Students in their 
Pre-clinical Curriculum: E-learning in Medical Phyiology Education. Transl 
Univ Toledo J Med Sci. 2021;9(1):12–5.

 16. Ludmerer KM. Abraham Flexner and medical education. Perspect Biol 
Med. 2011;54(1):8–16.

 17. Miller BM, Moore DE Jr, Stead WW, Balser JR. Beyond Flexner: a new 
model for continuous learning in the health professions. Acad Med. 
2010;85(2):266–72.

 18. Buja LM. Medical education today: all that glitters is not gold. BMC Med 
Educ. 2019;19(1):110.

 19. Mahan JD, Clinchot D. Why medical education is being (inexorably) 
re-imagined and re-designed. Curr Probl Pediatr Adolesc Health Care. 
2014;44(6):137–40.

 20. Hoffman KI. The USMLE, the NBME subject examinations, and assessment 
of individual academic achievement. Acad Med. 1993;68(10):740–7.

 21. Thomas PA, Kern DE, Hughes MT, Chen BY. Curriculum Development for 
Medical Education: A Six-Step Approach. In.: The Johns Hopkins Univer-
sity Press; 2015.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Development of an assessment technique for basic science retention using the NBME subject exam data
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Customized NBME subject exam data
	DINA model analysis
	Development of Q-matrix
	Comparison of different curricula

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


