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Abstract 

Background  Innovative assessment strategies are essential for determining clinical understanding in the evolving 
field of health profession education. Key feature questions (KFQs) have been developed as assessment tools to assess 
the clinical understanding of students. The purpose of this study is to determine the effectiveness of image-based key 
feature questions (IBKFQs) compared with traditional multiple-choice questions (MCQs) in radiology examinations. 
Additionally, this study aims to determine the correlation between test scores obtained in both test formats.

Method  This quasi experimental, correlation study was conducted from September to December 2021 at a public 
medical university in Karachi, Pakistan. Thirty radiology residents from various training years participated in the study. 
Each resident completed a comprehensive written assessment comprising 50 MCQs and 50 IB-KFQs as part of their 
internal evaluation at the end of a module.

Results  Out of thirty residents, 28 (93.3%) were females. The reliability score and Cronbach’s alpha were 0.944 
for the MCQs and 0.881 for the IB-KFQs. Spearman’s correlation coefficient revealed a positive correlation 
between the MCQ and IB-KFQ scores (rho = 0.823, p < 0.001). The mean scores were similar for the IB-KFQs (29.24 
± 6.31) and MCQs (28.93 ± 11.41).

Conclusion  The findings of this study indicate that incorporating IB-KFQs alongside MCQs in written assessments 
of radiology residents is feasible. IB-KFQs offer a focused evaluation of critical skills such as film analysis, interpretation, 
and report writing. By complementing traditional MCQs, IB-KFQs enhance the assessment process.

Keywords  Assessment Strategies, Clinical Competence, Decision-making, Image-Based Key Feature Questions, 
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Introduction
Assessment procedures constitute the cornerstone 
for the evaluation of student performance. Innovative 
assessment strategies are essential for determining clini-
cal understanding in the evolving field of health profes-
sion education. Diverse testing approaches ensure that 
the standard of education is maintained [1]. Traditional 
assessment methods are often inadequate for evaluat-
ing the complex decision-making skills required in clini-
cal scenarios [2]. To fill this gap, key feature questions 
(KFQs) have been developed as assessment tools [3].
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Bordage and Page first introduced the concept of key 
features in 1987 and defined the key feature as a criti-
cal step in solving a clinical problem [4]. Their research, 
along with subsequent studies by Hrynchak et al., high-
lighted that every clinical scenario contains a few vital 
elements essential for diagnosis. Key feature questions 
(KFQs) target these elements and focus on the points 
where candidates are most likely to make errors [5]. This 
method ensures that the assessment goes beyond rote 
memorization and instead focuses on applying knowl-
edge in a clinically relevant context. It targets the critical 
aspects of clinical scenarios, optimizing testing time and 
resources [6]. Additionally, KFQs offer a more realistic 
and practical assessment than traditional methods, serv-
ing as a valuable self-assessment tool for competence. By 
simulating real clinical scenarios, they require candidates 
to demonstrate their diagnostic skills in a way that mir-
rors real practice [7].

In radiology, image-based KFQs (IB-KFQs) integrate 
clinical reasoning and image interpretation skills and 
assess a radiologist’s ability to identify key diagnostic 
features within images. This is particularly beneficial in 
radiology, where accurately identifying essential findings 
on imaging can significantly impact patient outcomes. 
This approach has the potential to enhance the validity 
and reliability of radiology assessments, providing a more 
accurate measure of a postgraduate’s readiness for clini-
cal challenges [8].

A comprehensive framework addressing the knowl-
edge and interpretation skills essential for radiology has 
been developed, which emphasizes the importance of 
knowledge, perception, analysis, and synthesis—all cru-
cial aspects of image interpretation and report writing. 
Radiology residents face the challenge of simultaneously 
developing these skills. IB-KFQs offer a promising solu-
tion, with the potential to effectively track the devel-
opment of both perceptual and interpretive skills in 
radiology residents [9].

Assessment strategies must evolve with technologi-
cal innovations as the field of radiology continues to 
advance. Any attempt to develop a generic assessment is 
likely to fail, as clinical reasoning and problem solving are 
not generic [2]. Therefore, the integration of image-based 
KFQs into the assessment framework for radiology post-
graduates represents a significant step forward in align-
ing educational outcomes with clinical competencies.

Radiological assessment clearly reveals a link between 
its primary goal—accurate diagnosis—and improved 
patient health [10]. Importantly, the patient is ulti-
mately the central focus and beneficiary of healthcare 
services. Effective radiology practices not only support 
hospitals and health services but also positively impact 
the overall economy [11]. Therefore, high-quality 

teaching, learning, and assessment methods are essen-
tial for developing competent and compassionate radi-
ologists who are proficient in film interpretation and 
writing reports. This study aims to contribute to this 
goal by creating an exam format that incorporates 
image-based key feature questions, thus evaluating 
students’clinical reasoning and decision-making skills 
through radiology images and key features, ultimately 
leading to improved patient care.

Method
The study was conducted in accordance with the Decla-
ration of Helsinki, and the protocol was approved by the 
institutional review board of Dow University of Health 
Sciences (IRB2085/DUHS/Approval/2021/423). A quasi 
experimental design and universal sampling method 
were used. The study was carried out among all residents 
across years one through four enrolled in a public sector 
university’s radiology residency fellowship program. A 
total of 30 radiology residents participated in the study.

All participants were exposed to both the MCQ fol-
lowed by IB-KFQ assessment formats sequentially. The 
topics covered in the MCQs and IB-KFQs overlapped 
within core radiology areas, including chest, abdominal, 
and musculoskeletal imaging, ensuring that the knowl-
edge assessed by each question type was comparable. The 
total number of questions in both types of test methods 
was 50, with a duration of 60 min in each test. Descriptive 
statistics were employed to calculate the mean, stand-
ard deviation, median, minimum, and maximum scores 
obtained for both the IB-KFQ and MCQ assessment for-
mats. Internal consistency and reliability were assessed 
via Cronbach’s alpha. A passing score criterion of 60% 
was applied to both assessment formats. The mean scores 
were compared via Student’s t test, with a pvalue of less 
than 0.05 indicating statistical significance. The correla-
tion between the IB-KFQ and MCQ scores was measured 
via Spearman’s correlation coefficient. Furthermore, the 
difficulty and discriminatory indices were calculated for 
each format. The item difficulty index is calculated as 
percentage of the total number of correct responses to 
the test item. It is calculated using the formula P = R/T, 
where P is the item difficulty index, R is the number of 
correct responses and T is the total number of responses 
(which includes both correct and incorrect responses). 
Discriminatory index is the ability of an item to distin-
guish between high and low achievers. This value is cal-
culated by determining the top and bottom 27% of class 
on the exam, and subtracting the number of successes by 
the low group on the item from the number of successes 
by the high group, and divide this difference by the size of 
the class [12, 13].
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Design of the KFQ question
In this study, faculty members with more than five years 
of teaching experience who have completed the course of 
certified health professional education (CHPE), and aca-
demic radiologists were selected to be part of the study. 
A total of six faculty members agreed to participate in 
the study. Debriefing sessions and panel discussions were 
carried out among all the subject experts and educators. 
Initially, a table of specifications (TOS) was prepared, and 
IB-KFQs were constructed by following the Key Feature 
Questions guidelines (Medical Council of Canada Guide-
lines of KFQS) [14]. The level of difficulty of the MCQs 
and IB-KFQs remained the same, which was evaluated 
via post hoc analysis of monthly module tests. IB-KFQs 
were prepared, checked, and rechecked with the keys. 
Three practice sessions were conducted at the end of 
each monthly test to familiarize the faculty and students 
with the test format and scoring key before the final test 
was conducted.

Examples of IB-KFQ and MCQ are in Appendix I.

Results
Thirty residents were involved in the study, with a median 
age of 28 years and a female predominance (93.3%). The 
internal consistency/reliability, Cronbach’s alpha, was 
0.944 for the MCQs and 0.881 for the IB-KFQs.

The mean scores of the residents obtained via multiple 
choice questions (MCQs) and IB-KFQs out of total score 
of 50 are summarized in Table 1.

The item analysis for each item in both test formats 
revealed difficulty indices (P) of 57.86 ± 23.26 for the 
MCQs and 58.49 ± 18.56 for the IB-KFQs, which indi-
cates moderate to average item difficulty. The discrimi-
native index (D) values were 0.59 ± 0.30 and 0.30 ± 0.19 
for the MCQs and IB-KFQs, respectively, which indicate 
a good discriminatory index among high- and low-score 
achievers (Table 2).

Student’s t-test was applied for the mean scores of 
both types of questions, with a p-value < 0.05 considered 

significant. The mean IB-KFQ score was comparable to 
the MCQ score, i.e., 29.24 ± 6.31 vs. 28.93 ± 11.41, respec-
tively, with a p value of 0.896.

The correlation between the IB-KFQ and MCQ scores 
was measured via Spearman’s correlation coefficient. A 
positive correlation was observed between the MCQ and 
IB-KFQ scores (rho 0.823, p value < 0.001).

A moderately positive correlation was observed 
between the number of years spent in the residency pro-
gram and the MCQ and IB-KFQ scores (rho 0.620, p 
value < 0.001; rho 0.594, p value 0.001, respectively).

Discussion
Assessment of learning is an integral aspect of the qual-
ity of an educational system; therefore, there is constant 
research on the reliability and validity of various assess-
ment techniques utilized during the learning and evalua-
tion process [15]. The gist behind the KFQs is that every 
case has unique/hallmark features, which are the keys to 
final diagnosis. These questions are designed to stimu-
late learners’ analytical skills rather than simple recall 
memory [16]. Traditionally, the assessment methods for 
radiology postgraduate training and assessment in our 
setting depend on an initial theoretical examination, 
which consists of text-based questions. These are not able 
to assess the understanding of pertinent imaging find-
ings. Image-based key feature questions (KFQs) bring 
real-world diagnostic scenarios into assessments, mak-
ing them more applicable to practical radiology tasks. 
Incorporating images in KFQs represents a modern shift 
in medical education, enhancing assessment fidelity com-
pared to traditional text-based MCQs. This study aimed 
to evaluate whether image-based key feature questions 
(IB-KFQs) should be included as a part of the assessment 
of radiology residents’clinical reasoning and decision-
making skills (CRDMs) to comprehend images.

Numerous studies have been carried out to determine 
the reliability of KFQs, and varying results have been 
reported. The Cronbach’s alpha in our study was 0.88 for 
the IB-KFQs. This finding is comparable to that of a study 
by Sharma et  al., which reported a higher reliability of 
0.98 among students with oral pathology, as well as that 
reported by Trudel et  al., who reported a score of 0.95 
among colorectal surgeons [17, 18]. Lower Cronbach’s 
alpha coefficients have been reported in many studies, 

Table 1  Descriptive analysis of scores obtained by residents in 
MCQs and IB-KFQs, out of total score of 50 for each assessment 
format

Test Format Mean 
score ± SD 
Percentage

Minimum 
score 
Percentage

Maximum 
score 
Percentage

Median (IQR)

MCQs 28.93 ± 11.41
57.86% 
± 22.82

9.0
18%

45
90%

32 (09–45)

IB-KFQs 29.24 ± 6.31
58.48% 
± 12.62 

17.8
35.6%

41.6
83.2%

27.7(17.8-
41.6)

Table 2  Item analysis of MCQs and IB-KFQs

Test Format Difficulty Index (P) Mean 
± SD

Discriminatory 
Index (D) Mean 
± SD

MCQs 57.86 ± 23.26 0.59 ± 0.30

IB-KFQs 58.49 ± 18.56 0.30 ± 0.19
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such as Zamani et  al. [19], who reported a reliability of 
0.75 in obstetrics and gynaecology students; Zia et al. [3], 
who reported 0.56 in otolaryngology; and Grumer et al. 
[20], who reported 0.53 in neurology. A possible explana-
tion for the improvement in reliability scores could be the 
development of multiple guidelines for writing key fea-
ture questions. Additionally, the teaching methodology 
in health professionals’ education has evolved over the 
years, with a shift towards clinical reasoning rather than 
memorization and recall [21].

The mean scores between the MCQs and IB-KFQs 
were comparable in our study, i.e., 28.9 and 29.2 out of 
50, respectively. The score for the key feature question 
is slightly higher; however, it is statistically insignificant, 
with a pvalue of 0.896. The difficulty and discriminatory 
indices were also comparable, with average difficulty and 
a good discriminatory index. This finding indicates that 
the IB-KFQ format was easily adapted by the residents. 
A possible explanation may be that the IB-KFQ format is 
similar to the TOACS film viewing and reporting sessions 
of the radiology fellowship exam. The use of IB-KFQS in 
radiology testing can help train residents write meaning-
ful radiology reports that concisely and clearly explain 
all relevant information to the clinical practitioner. Our 
results are in concordance with other studies with slightly 
higher scores on key feature questions [17]. This differ-
ence was statistically significant in the study conducted 
by Zamani et  al. among midwifery students, with a 
pvalue of 0.005. They concluded that clinical reasoning 
cannot be adequately assessed with MCQs and requires 
novel evaluation tools such as key feature questions [19]. 
We believe that the IB-KFQs can be used in combination 
with MCQs to provide a more comprehensive evaluation 
of interpretation skills and application of knowledge. The 
results of the present study revealed a positive correlation 
between the MCQ score and the IBKFQ score.

In a study by Alavi-Moghaddam et  al., case-based 
clinical reasoning was assessed via pre- and post-test 
questions, including the KFQ. They concluded that 
case-based teaching led to improvements in the scores 
[22]. Our questions were also designed via a case-based 
approach with sequential step-by-step questions, detail-
ing the clinical scenario. We believe that pre- and post-
assessment comparisons would offer valuable insight into 
the effectiveness of IB-KFQs and can be a potential direc-
tion for future research.

The main aim of assessment is to determine if the resi-
dent is prepared to address real-life scenarios by incor-
porating the history, findings of physical examination, 
laboratory investigations and follow-up radiological tests 
that lead to final diagnosis and management. A number 
of studies have concluded that case-based approaches 
followed by pertinent clinical reasoning and key feature 

questions are good learning and assessment strategies 
[23].

Considering significant spread in years of study 
between participants, a moderately positive correlation 
was observed between the number of residency years and 
performance on KFQs, which is an interesting finding of 
our study. One possible explanation for this is that radi-
ology competencies—particularly those related to image 
interpretation and clinical decision-making develop pro-
gressively over time but are influenced by multiple fac-
tors beyond the number of years in residency alone, such 
as individual learning experiences, case exposure, and 
practice frequency. Another important consideration is 
that the modules being tested are first taught by faculty 
members over a period of one month in the form of lec-
tures, case based discussions and interactive film viewing 
sessions. Peer teaching is also part of our residency train-
ing program. Therefore all residents from year 1 to year 4 
are actively taught the topics before being assessed. This 
bring the junior residents at par with their senior coun-
terparts. It has been shown that allocating dedicated 
blocks of academic time can not only support research 
activities but also promote more focused and effective 
studying [24].

This finding may indicate the potential of KFQs to 
identify particular strengths or gaps in diagnostic skills at 
different stages of training, regardless of time spent in the 
program. Finally, the structure of the residency program 
itself, such as rotations or the emphasis on specific skills 
during different training years, might dilute the strength 
of the correlation. Future studies could control for these 
variables to better understand the relationship between 
residency duration and assessment performance.

Our study has several strengths. First, it is the first 
study in Pakistan to incorporate case-based questions 
with radiological images and key feature questions for 
the assessment of radiology residents. This is a unique 
intervention in our setup that shows promising results. 
Second, we designed key feature questions by thoroughly 
studying the available guidelines. The faculty was primed 
to write key feature questions, which were proofread by 
senior faculty members with more than 10 years of expe-
rience in health professional education. Third, we con-
ducted three practice sessions to familiarize the residents 
with IB-KFQs. These residents are committed to learning 
and passing the FCPS exam; this factor reduces careless 
responses (response bias). Fourth, we compared the IB-
KFQ with the MCQ in terms of reliability (Cronbach’s 
alpha), difficulty, and discriminatory indices, which were 
comparable.

Some limitations of our study are its limited sam-
ple size and single-centre design. Another limitation is 
gender bias, with a preponderance of female residents. 
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Studies have shown better clinical reasoning skills in 
female medical students than in their male counterparts 
[25, 26]. Another limitation is that the images were not 
viewed on a diagnostic monitor, thus reducing the over-
all image quality. Furthermore, only limited images were 
provided for diagnosis, and advanced image editing tech-
niques were not available.

In addition to these limitations, another important 
concept in radiologic training and diagnosis is percep-
tion. Accurate diagnosis is an intricate perceptual and 
cognitive process, where the radiologist recognizes, 
evaluates, and analyzes various imaging findings [27, 28]. 
Therefore, while IBKFQs and MCQs are efficient and 
resource-effective for testing analytical skills, they should 
ideally be supplemented with assessment tools spe-
cifically designed to evaluate perception. Incorporating 
image-based perception assessments could offer a more 
comprehensive evaluation of residents’ readiness to per-
form in real-world clinical settings, where both percep-
tion and clinical reasoning are essential [29].

In this study, MCQs and KFQs were aligned in terms 
of covering similar radiology topics. MCQs featured sce-
nario-based questions with five distractors that required 
a single best-choice answer, whereas KFQs included 
images and emphasized key imaging findings. These 
structural differences as well as variation in the content 
of question may have influenced our results, however, we 
tried to keep the difficulty indices of the two tests com-
parable. Future research could investigate using more 
comparable structures to better understand how these 
differences impact performance.

Innovation in the rapidly changing world of radiology 
calls for re-assessment of existing teaching methods, 
enhancement of resident education, and enrichment of 
the overall residency experience [30]. While IB-KFQs 
offer promise in enhancing the authenticity of assess-
ments by incorporating images, the absence of statistical 
significance in mean scores suggests a need for further 
exploration. The positive correlation between the two 
formats emphasized that participants who performed 
well in one format tended to perform well in the other, 
reinforcing the convergent validity of both methods. The 
moderate difficulty and lower discriminatory index of IB-
KFQs warrant careful consideration of question design 
and content to enhance their capacity to differentiate 
among varying levels of competency.

Conclusion
The integration of image-based key feature questions (IB-
KFQs) into radiology residency assessments has emerged 
as a viable extension of the established multiple choice 
question (MCQ) format. IB-KFQs show promise as tools 
for evaluating analytical film interpretation and report 

writing skills. The IB-KFQs are helpful for the training 
and assessment of radiologists, as they incorporate case-
based real-life situations.
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