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Abstract 

Background: Introducing radiological anatomy in the preclinical curriculum can increase the understanding of 
Anatomy. Regardless of the integration when teaching anatomy, it is essential to maintain oversight as to what and 
how much is being taught. In addition, the knowledge requirements for preclinical students should be considered. 
The purpose of this kind of integration is that the student should be able to apply the knowledge which can help 
them better understand anatomy and not to make the course more challenging. This study aimed to understand 
whether adding radiological images would increase the difficulty level of the questions.

Methods: We introduced radiological images, including X Rays, CT scans and MRIs, when teaching anatomy in the 
preclinical curriculum. A class of 99 students were tested using A-type MCQs (n = 84). All 84 questions were catego-
rized on whether they were case-based with or without a radiological image. The item analysis of both groups of test 
questions was then compared based on their difficulty and discrimination index. A qualitative student perception 
regarding the inclusion of radiological images in anatomy was also measured using a questionnaire with a 5-point 
Likert scale.

Results: The results showed that the performance level of the students was similar when comparing the test 
questions in both groups. The item analysis of the MCQs in the two groups revealed that by integrating radiological 
images when teaching anatomy, the various parameters in both groups of test questions were in the same range. 
More than 80% of the students felt that radiological images facilitate the achievement of learning outcomes and help 
to apply their knowledge in clinical contexts. The study’s findings reported that the rate of satisfaction by including 
radiological images when teaching anatomy is high.

Conclusion: Recognition and interpretation of images are essential in an undergraduate medical program. Students 
found it helpful when radiological images were introduced to them when teaching anatomy. Since the students’ 
performance in summative exams in both groups of questions was in the same range, the findings also point out that 
adding radiological images when teaching anatomy does not increase the difficulty of the subject.
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Background
Anatomy, the basis of modern medicine [1], is considered 
one of the cornerstones and the foundation of clinical skills 
in the medical curriculum [2]. Anatomy requires learning 
approaches beyond the rote learning of structures, which 
is achieved by innovation in teaching methods. Although 
there is no doubt about the importance of teaching, the 
argument on how best an instructor could provide this 
teaching continues. This argument has been increased by 
the shift in the curriculum worldwide to competency-based 
education by changing the curriculum from knowledge 
acquisition to knowledge application [3, 4]. Furthermore, 
this led to many medical schools putting much effort into 
integrating clinical experiences at the beginning of medi-
cal school [5]. One of the ways this was carried out was by 
incorporating radiological images in course materials [6, 7]. 
Incorporating these images further needs to be measured 
to ensure that the intended learning outcomes are met. 
Most medicine disciplines use case-based items for student 
assessment [8]. A case-based item is said to be theoretically 
broader in scope, require assimilation of more content, and 
can be categorized at the higher cognitive levels in Bloom’s 
taxonomy [8]. Therefore, it is essential to evaluate the items 
to determine the good from the bad. This can be measured 
using two parameters from the item analysis report: the 
difficulty index and the discrimination index. These two 
parameters are used to qualify and determine the inclusion 
of an item in various standard licensing examinations.

A literature search concluded that there was mini-
mal emphasis given to the role of images in Assessments 
[9–11]. Also, there was not much importance given to the 
difficulty index and the discrimination index of including 
radiological images on the student’s performance. A study 
conducted in 2014 suggested that the process in which the 
questions that contained images were answered required 
different cognitive processes [12]. Sweller (1994) said that 
the interpretation of an image could add to the student’s 
cognitive load [13]. If the student has no appropriate sche-
mas, that can add to the extraneous cognitive load to inter-
pret the Image in the question.

Regardless of integrating radiology when teaching 
anatomy, it is vital to maintain oversight regarding the 
content taught. In addition, one should consider the 
knowledge requirements needed for preclinical students. 
The purpose of this kind of integration is that the stu-
dent should be able to apply the knowledge which can 
help them better understand anatomy and not to make 
the course more challenging. The study aims to measure 
the effect of teaching radiological anatomy on medical 
students’ learning and performance on high stake exams. 
The research questions posed were what is the effect of 
introducing radiological anatomy teaching on the stu-
dent performance in summative anatomy examinations? 

Would the addition of radiological images increase the 
difficulty level of the questions on the students? What 
were medical students’ perceptions about introducing 
the teaching of radiological anatomy?

Methods
This study used a mixed-methods design approach. For the 
present study, 99 students of the 2018 class enrolled in the 
MBBS program at Gulf Medical University were selected. 
Phase II of the MBBS program spans the 2nd and 3rd year 
MBBS and includes the pre-clerkship phase with modular 
organ-system modules. Concepts of Basic Medical Sciences 
(Anatomy, Physiology, Biochemistry, Pathology, Microbiol-
ogy, Pharmacology, Community Medicine and Forensic 
medicine) are integrated throughout the phase.

Since the study population targeted the preclinical sci-
ence years, a guiding principle was set in developing the 
course content and the teaching and assessment strate-
gies. The common problems related to the system were 
identified. The normal anatomy consists of structures 
that must be identified on common modalities and cross-
modality correlations’ importance. Once this was com-
pleted, the common pathologic conditions and findings 
that students should see were also explained to the stu-
dents. The detailed topics that were included in the study 
plan are shown in Table 1.

During the second half of each module, sessions on 
radiological anatomy were delivered to the students. 
By this time, the students would have acquired an ori-
entation to viscera and bones from the dissection and 
theory classes. The radiological sessions comprised vari-
able radiological imaging modalities, which included 
X-rays, CT scans, ultrasound images, and MRIs shown 
in Table 1. The session was conducted using powerpoint 
presentations. The content of each session was based on 
the must-, should-, and desirable-to-know clinical condi-
tions related to the prescribed university syllabus.

The evaluation was done at two levels:

a. Comparing the students’ performance through MCQs: 
At the end of each module, an end-module examina-
tion was conducted using MCQs. All the test items 
of Anatomy were written by the subject expert and 
were further validated by peer review. All items were 
written in a single best answer format (A-type) with 
a rich stem lead-in statement and four response 
options. Multiple choice questions from seven end 
module exams from the fall semester of 2019 to the 
spring semester of 2021 provided the basis of this 
study. From each end module exam, the questions 
related to anatomy were extracted. A total number 
of 84 questions were obtained. Each test item was 
then reviewed and categorized as either image-based 
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or without a radiological image. For image-based 
items where scenario-based format with a radiologi-
cal image, the student had to analyze the scenario 
correctly, refer to the attached Image and make an 
informed choice using a reasoning process. On the 
contrary, an item without a radiological image where 
a case-based scenario which could be answered. An 
example of the same is shown in Fig. 1.

b. Student Perception (Kirkpatrick level 1): The student’s 
perception was collected using a self-administered 
questionnaire. The students were asked to answer the 
questionnaire after the assessment of all the modules. 
The questionnaire, as shown in Table 2, consisted of 
8 items and students were asked to rate the teaching 
and learning program. For all items, a five-point Lik-
ert scale (1, strongly disagree; 5, strongly agree) was 

used to express the students’ opinions. The items in 
the questionnaire were categorized into three themes 
which were a) Facilitating the achieving of learning 
outcomes, b) Application and contextualization of 
anatomical knowledge and c) Familiarity and inter-
est in radiological anatomy. Also, free responses were 
used to assess students’ opinions further. Finally, 
feedback was evaluated by summating the scores for 
each item.

The questionnaire was evaluated in three steps: a) 
the study questionnaire was adapted from a previ-
ously published article [14]. b) The questionnaire 
was modified for the current study context. Finally, a 
group of faculty members (n=5) evaluated the ques-

Fig. 1 Examples of scenario based MCQs, with and without radiological Images
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tionnaire and provided feedback on the clarity and 
relevance of the questionnaire items in measuring 
the aimed construct. c) The final version was piloted 
with 12 students.

Data analysis
Descriptive statistics and inferential techniques were 
applied to achieve the study objectives. The descriptive 
statistics included a measure of averages(mean), a measure 
of dispersion (standard deviation), a measure of correla-
tion (Point biserial) and the percentages of items with dif-
ficulty levels. The Kolmogorov–Smirnov test investigated 
the normality of the data. After testing for normal distri-
bution, an independent sample t-test [2-tailed] was used 
to calculate the mean test scores and standard deviations 
(SD) in the two groups of questions, i.e., the group with 
and without radiological images. For all statistical tests in 
this study, a p-value smaller than 0.05 was set as the mini-
mum criterion for statistical significance. The analysis was 
conducted using the statistical package for social sciences 
(SPSS), version 20.0 (IBM Corp., Chicago, IL).

Test item analysis indices included item difficulty, item 
discrimination and the point biserial correlation were 
calculated for each of the 84 questions in each group. 
The difficulty index was calculated as the percentage of 
correct responses. It can be calculated by the formula: 
(H + L / N) × 100, where H represents the number of stu-
dents who correctly answered the question in the high 
achieving group. L represents the number of students 
who correctly answered the question in the low achiev-
ing group, and N is the total number of students [15]. The 
Discrimination index refers to the difference between 

the average grade of the students with the highest totals 
to the item total grade and the average item grade of the 
students with the lowest totals relative to the item total 
grade divided by the number of students in a quartile The 
formula can calculate it: (H—L / N) × 100. Point biserial 
measures the item discriminative power; this indicator 
compares performance on an item relative to the whole 
test performance [16].

Piloting the questionnaire discovered that the students 
clearly understood the words used in the questions. It 
also determined that an average time between five and 
ten minutes was required to complete the question-
naire. The reliability of the study questionnaire which was 
measured using Cronbach’s Alpha was found to be 0.92. 
The percentage of students’ agreement was determined 
and was calculated by summing up the percentage of 
students who strongly agreed and agreed with the given 
items. The results were presented in tables and graphs. 
For the qualitative data, the free responses from the 
open-ended questions were collected and grouped based 
on the three themes of the questionnaire. Any overlap-
ping response was deleted, and the remaining data were 
used to interpret the free responses.

Results
Test item analysis
Forty two percent of the questions consisted of a radio-
logical image. Kolmogorov–Smirnov test tested all the 
item analysis results for normality and found that the 
variables follow a normal distribution. Table  3 shows 
the mean and standard deviations for these param-
eters and compares the means between the two groups 
using the independent samples t-test [2-tailed]. The 

Table 2 Examples of scenario based MCQs, with and without radiological Images

* RA Radiological anatomy

Questions Likert scale (1—Strongly disagree; 
5—Strongly agree)

1 2 3 4 5

Meeting radiological learning outcomes
RA learning was useful in helping me to identify and describe normal radiological features

RA learning was useful in helping me differentiate normal from abnormal radiological anatomy

Application and contextualization of anatomical knowledge
RA learning helped me apply my knowledge of anatomy in a clinical context

RA learning helped me identify areas of anatomy where my knowledge and understanding are insufficient

RA learning helped me revise anatomy

Familiarity and interest in RA
RA learning helped me become familiar with radiological imaging

RA learning has increased my interest in learning anatomy

Free Comments:



Page 9 of 12Rathan et al. BMC Medical Education          (2022) 22:723  

values in Table  3 showed that the p-value of the differ-
ence in difficulty level between the two groups was 0.87, 
which implies that the difficulty of the test items was not 
affected by adding a radiological image to an MCQ item. 
Similar results were seen for the discrimination index 
and point biserial. Mean values showed that the dis-
crimination index for items appeared unaffected by add-
ing an image within the stem (0.43 ± 0.19 vs 0.36 ± 0.19; 
p = 0.09). Item point biserial correlation, which is a meas-
ure of item discrimination and is the correlation between 
the item score and the total test score, also showed no dif-
ference in means between these two groups (0.36 ± 0.15 
vs 0.32 ± 0.15, p = 0.15).

Analysis of students’ perceptions
Overall, the Likert scale and the free responses indicated 
that students felt that incorporating radiological images 
when teaching anatomy was effective and allowed them 
to understand anatomy better. Out of the 99 students 
enrolled in the course, 72 completed the questionnaire 
and 59 students commented in the free response section.

Facilitate achieving of learning outcomes
Overall, 32% of the respondents" strongly agreed", and 
an additional respondent, 59% ", agreed" that the radio-
logical sessions helped them to identify and describe 
typical anatomical features. Most of the students (60%) 
"agreed", and an additional 29% "strongly agreed" that 
these sessions were helpful and helped them to differ-
entiate normal from abnormal features on the image 
compared to 4% of students who "disagreed". The free 
responses revealed that students felt radiological Images 
were essential in learning the organ system and helped 
them apply their knowledge clinically. Nevertheless, they 
would appreciate more sessions and practice learning to 
read radiological Images.

Application and contextualization of anatomical 
knowledge
Overall, 50% of the respondents "agreed," and an addi-
tional 38% "strongly agreed" that the radiological ses-
sions helped them apply their knowledge of Anatomy in 
clinical contexts. Most students were also satisfied with 

the number of sessions conducted in each module. 54% 
of the students "agreed," with an additional 21% who 
"strongly agreed" that the number of questions with radi-
ological images in the end module exams was adequate. 
Some of the free responses mentioned were that students 
felt only specific pathologies were focused on.

Familiarity and interest in RA
Overall, 47% of the respondents "agreed," and 38% 
"strongly agreed" that learning radiological anatomy 
helped the students become familiar with different 
radiological imaging modalities. In addition, 46% of the 
respondents "agreed" that learning radiological anatomy 
helped the students increase their interest in learn-
ing anatomy. Finally, 38% of the students "agreed," and 
25% "strongly agreed" that the inclusion of radiological 
anatomy helped them perform better in the end mod-
ule exams and the IFOM progress test. Free responses 
revealed that implementing radiological images had 
instilled an interest in radiology.

Discussion
Changes in the curriculum are slow, and much evi-
dence-based practice is emerging. There are several 
previous studies which demonstrated the importance 
of integrating radiology into the undergraduate cur-
riculum [17–19]. Since radiological modalities such as 
CT scans and Ultrasound images are becoming more 
common in various diagnostic and invasive procedures, 
medical education emphasizes more on the incorpo-
ration of such topics, which are related to radiological 
images [20–23]. A study in 2015 concluded that when 
radiology was taught in the preclinical years, students 
gained a higher understanding of the subject [24]. 
Accreditation bodies and academic and educational 
administration also focus on early clinical exposure. 
The "foundation curriculum" of the academy of the 
royal colleges also emphasizes the core skills required 
for the foundational trainees, which says that a foun-
dation doctor should be able to confirm the clinical 
findings early by asking and interpreting the results of 
appropriate investigations [25]. A study in 2003 sug-
gested that, most frequently, a physician encounters the 
internal structure of the human body through radio-
logical images [26]. This shows that many fundamental 
principles behind medical reasoning can be understood 
through radiological images.

Practical utilization of the knowledge of anatomy usu-
ally happens in the later years of medicine, in which 
the practical aspects of radiological images are taught 
[27]. This, in turn, has resulted in a vast knowledge gap 
between knowledge acquisition in anatomy and the 
chances of using it in practice. We believe this study 

Table 3 Comparison of average test item analysis indicators 
among the two groups

Mean ± SD

No Radiology Radiology P value

Difficulty Index 0.50 ± 0.20 0.49 ± 0.20 0.873

Discrimination Index 0.43 ± 0.19 0.36 ± 0.19 0.10

Point Biserial 0.36 ± 0.15 0.32 ± 0.15 0.158
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will provide an additional resource and a basic guide 
to integrating radiology when teaching gross anatomy 
to students in the preclinical years of medicine. It can 
increase the student’s awareness and exposure and ben-
efit their long-term clinical training. As the population in 
this study were students from the preclinical years of the 
MBBS program, they gained exposure to different radio-
logical modalities. One of the comments in the qualita-
tive analysis given by a student also mentioned that this 
kind of intervention developed an interest in choosing 
radiology as a career option. An earlier study mentioned 
that those medical students exposed to radiology in the 
preclinical years are less likely to believe negative ste-
reotypes about radiologists due to a greater awareness 
of radiology [24]. Also, by having a better understand-
ing of radiology, a non-radiologist physician can improve 
patient care by promoting positive interactions and using 
appropriate diagnostic tests [28]. Introducing radiologi-
cal images to students can help them understand how 
each organ appears on those images. Exposing the stu-
dents to this kind of Image in the early years of medicine 
will help them acquire the essential skills to interpret an 
image so that they are prepared for their post-graduate 
training and will help them deal with more challenging 
topics in the future.

Due to the increasing interest in including images 
when teaching anatomy [29], the present study aimed 
to measure the effect of including radiological images. 
Many studies used students’ perceptions regarding the 
use of radiological images in anatomy and concluded that 
it enhanced the quality and efficiency of anatomy instruc-
tion [30–33]. According to the results obtained in our 
study, it was evident that the rate of satisfaction of the 
students by including radiological images when teach-
ing anatomy is positive, which was similar to the results 
obtained in previous studies [34–37].

Students considered the use of including radiological 
images when teaching anatomy to be highly effective and 
of essential importance towards gaining knowledge in 
anatomy.

Radiological images form a crucial element in anat-
omy; the students need proper mental models to inter-
pret these images in a context. Radiological images 
can affect the structure of the models the student con-
structs during learning [38] which influences the per-
formance pattern on how easy or difficult it is to apply 
the knowledge gained [39]. It is often assumed that 
including radiological images in the preclinical years 
of medicine will complicate the topic for the student. 
Furthermore, this will result in the MCQs being more 
complicated and discriminative. In the present study, 
the evaluation with radiological images showed no 
increase in the difficulty index. The similar difficulty 

index in both groups shows that the radiological ses-
sions are not an extraneous load to the student. How-
ever, this is in contrast with previous studies, which 
say that the use of an image within a multiple choice 
question will have a consistent influence on the perfor-
mance, and this will depend on whether the students 
considered the images as irrelevant, useful or essential 
to answer questions [40, 41]. Vorstenbosch et  al. 2013 
mentioned that the students appeared to have greater 
difficulty solving cross-sectional illustrations when 
compared to more straightforward diagrams [10].

Assessment is the DNA of any formal education [42]. 
One of the essential components of medical education 
is to measure the acquired knowledge. MCQs are said to 
form a helpful assessment tool in measuring knowledge 
recall questions. If the item is carefully constructed, it also 
can measure thinking skills crucial for a medical graduate 
[43]. The quality of an individual test item can be assessed 
by the post-examination analysis [44]. Therefore, it is 
essential to review the performance and the quality of the 
items after administering the assessment [45]. The diffi-
culty index is sometimes called the ’easiness index’, since 
a higher number indicates an easier question. The diffi-
culty index and the discrimination index are reciprocally 
related [46]. In a study conducted by Hunt in 1978, the 
item difficulty increased since the student had to interpret 
a visual image [47]. The present study showed that 88% of 
items in the group with no radiological images and 86% 
of the items in the group with radiological images showed 
a discrimination index of 0.2 and above, which clearly 
explains that there is not much difference in the discrimi-
nation index of the items. Therefore, it is a misconception 
to consider that inclusion of radiological images will nec-
essarily increase the difficulty of exam questions. Some 
studies also mentioned that Including images in an exam 
will increase the item difficulty and reduce the speed at 
which the students process the information, which results 
in increased testing time and item difficulty [40]. The 
results we obtained were similar to the findings of a pre-
vious study conducted by Phipps and Brackbills in 2009, 
demonstrating the comparable capability of these two 
item formats [48].

Reviewing these questions separately and how the stu-
dent responded to each question provides information on 
whether the item measures at the correct difficulty level 
[49]. Table 1 in the result section showed the consistency 
in the mean difficulty levels in the two groups which were 
considered in this study. The acceptable p values had a 
normal range with no significant difference, which meant 
that the p values were similar between the two groups. 
Furthermore, this can explain that adding a radiological 
image to an item did not increase the difficulty index of 
the examination, and the students found these questions 
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not too easy and not too challenging. The difficulty level 
was the same as that of the group, which contained no 
radiological images.

Limitations
A few factors limit the results of the presented study. 
First, it was conducted on only one batch of students. A 
more extensive study with more image-based MCQs can 
help substantiate the results on a broader scale. Another 
limitation is that this study could not look at the long-
term impact on the student, which could also be a valu-
able area for further research.

Conclusion
This study adds to the growing area of research that 
supports integrating radiological images into basic 
sciences. We conclude that introducing radiological 
images when teaching anatomy must begin from the 
preclinical years and must be based on the principle of 
constructive alignment. Recognizing and interpreting 
an image is essential in an undergraduate medical pro-
gram. Using these images to test these abilities within 
high stake examinations ensures authenticity and con-
structive alignment. This study suggested that the stu-
dents found it helpful when radiological images were 
introduced to them when teaching anatomy; compared 
to the standards suggested in the literature, the mean 
difficulty and item discrimination values of the two 
groups were similar. These findings point out that add-
ing radiological images when teaching anatomy does 
not increase the difficulty of the subject. Finally, the 
results in this study also allow us to assist the faculty 
in understanding if any improvement is required when 
delivering the sessions.

With the introduction of newer teaching strategies 
and modalities, many changes are taking place in the 
field of education. These newer modalities will continue 
to receive attention. Recognition and interpretation 
of radiological images is an essential skill the student 
should learn during the preclinical years. Including 
these images in summative examinations can ensure 
authenticity and constructive alignment. In the pre-
sent study, we demonstrated that the addition of radio-
logical images had no overall difference in the various 
parameters in the item analysis. The study also allows 
us to improve the integration of radiology into our 
gross anatomy courses. Furthermore, it can assist the 
faculty in understanding if there are gaps in the cover-
age of anatomical concepts.
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