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Rationale and objectives: Current radiology practice increasingly involves interpretation of volumetric
data sets. In contrast, most radiology tests still contain only 2D images. We introduced a new testing
tool that allows for stack viewing of volumetric images in our undergraduate radiology program. We
hypothesized that tests with volumetric CT-images enhance test quality, in comparison with traditional
completely 2D image-based tests, because they might better reflect required skills for clinical practice.
Materials and methods: Two groups of medical students (n = 139; n = 143), trained with 2D and volumetric
CT-images, took a digital radiology test in two versions (A and B), each containing both 2D and volumetric
CT-image questions. In a questionnaire, they were asked to comment on the representativeness for clinical
practice, difficulty and user-friendliness of the test questions and testing program. Students’ test scores
and reliabilities, measured with Cronbach’s alpha, of 2D and volumetric CT-image tests were compared.
Results: Estimated reliabilities (Cronbach’s alphas) were higher for volumetric CT-image scores (version
A: .51 and version B: .54), than for 2D CT-image scores (version A: .24 and version B: .37). Participants
found volumetric CT-image tests more representative of clinical practice, and considered them to be less
difficult than volumetric CT-image questions. However, in one version (A), volumetric CT-image scores
(M 80.9, SD 14.8) were significantly lower than 2D CT-image scores (M 88.4, SD 10.4) (p < .001). The

volumetric CT-image testing program was considered user-friendly.
Conclusion: This study shows that volumetric image questions can be successfully integrated in students’
radiology testing. Results suggests that the inclusion of volumetric CT-images might improve the quality
of radiology tests by positively impacting perceived representativeness for clinical practice and increasing
reliability of the test.

© 2015 Elsevier Ireland Ltd. All rights reserved.
. Introduction

Advanced technological developments have drastically changed
adiological practice, especially cross-sectional imaging modali-

ies which changed from viewing series of single cross-sections
rinted next to each other (tile viewing), to scrolling through sev-
ral hundreds of images (stack viewing), with the possibility to
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adjust viewing directions and contrast settings [1,2]. This change
from tile to stack viewing demands different and new skills of radio-
logists and other medical specialists involved in interpreting large
volumetric datasets [1,3].

Recent research shows that integrating volumetric datasets
(images) in radiology education is an effective way to increase
image interpretation skills of medical students [4]. In contrast, the
testing of radiological image interpretation skills in undergrad-
uate and postgraduate medical education is still predominantly
based on tests that exclusively contain questions concerning one
or several cross-sections of a CT or MRI scan (2D image test). Par-

ticipants of 2D image tests cannot scroll through or manipulate
the images (cross-sections), including changing viewing direction
(multiplanar reformatting), zooming, and adapting tissue contrast.
As a result, image manipulation skills are not tested, while this is
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onsidered to be important in image interpretation [5]. Moreover,
n 2D image tests the slice of interest is provided, and partici-
ants do not need to scroll to search for abnormalities. This raises
uestions about the quality of these 2D image tests for assessing
urrently needed radiological image interpretation skills. Volumet-
ic images, i.e. volumetric CT or MR datasets allowing for stacking
iewing, might increase test quality.

Test quality requirements include reliability and validity [6,7].
eliability focuses on the accuracy of the results, i.e. on the preci-
ion and reproducibility of the test scores. Validity means that the
est is properly testing what is intended to be tested, and that test
cores correctly reflect intended skills or knowledge. Authenticity
an add to validity, as authentic tests reflect clinical practice and
re likely to capture clinically relevant skills and knowledge. The
alidity of radiological image interpretation tests exclusively based
n 2D images is questionable, since they no longer reflect authen-
ic practice. Other important test quality requirements are fairness
nd usability [6,7]. Fairness implies that inferences made from the
est results should be transparent and legitimate. For example,
he difficulty of a test should be in accordance with the expected
evel of expertise of the participants and with the difficulty of the
ducational program. Otherwise, students who acquired sufficient
nowledge and skills could fail their exams, or vice versa. To achieve
ptimal usability, the costs and complexity of the test should be low
nd testing tools should be intuitive and user-friendly.

This study aims to compare the quality of volumetric versus 2D
T-image questions for testing radiological image interpretation
kills. Indications of reliability, authenticity, fairness, difficulty and
sability of 2D and volumetric CT-image questions were studied to
valuate test quality. We hypothesized that volumetric CT-images
ositively impact test quality, while keeping the testing program
ser-friendly.

. Materials and methods

.1. Context of the study

At the University Medical Center Utrecht (The Netherlands), sec-
nd year undergraduate medical students take a radiology test as

art of their radiology educational program. Learning objectives
re image interpretation of radiological anatomy and prevalent ill-
esses. Radiological CT-anatomy is taught using both volumetric
nd 2D CT-images. Before 2010 CT-anatomy questions in the test

ig. 1. Student interface of VQuest (2013), digital testing tool for volumetric images, show
tructure.
of Radiology 84 (2015) 856–861 857

exclusively contained 2D images of CT-scans (tile viewing). In order
to improve the test quality, part of the 2D CT-image questions were
replaced by volumetric CT-image questions in 2010 using a novel
digital testing program called “VQuest” [8]. VQuest was designed
to test volumetric image interpretation skills, and allows for stack
viewing, including view and contrast changing (Fig. 1 and video).

2.2. Study design

In April 2010, a radiology test in two versions (A and B) was eval-
uated to study quality aspects of volumetric CT-image questions
compared to the 2D CT-image questions. Reliability was evalu-
ated by analysing the internal consistency of 2D and volumetric
test scores. An indication of fairness was obtained by comparing
test scores of 2D and volumetric image questions and by investi-
gating the participants’ opinion about the difficulty differences of
both 2D and volumetric image questions. Immediately after the
test, participants were asked to fill out a questionnaire including
questions on user-friendliness of the testing program (as indication
for usability) and perceived representativeness for clinical practice
(authenticity) of 2D and volumetric image questions on paper. Par-
ticipants were informed that the questionnaire was voluntary and
used for evaluation of the new volumetric image questions and
testing program. All test results and questionnaire responses were
anonymized. Because analyses of test results and questionnaires
were part of the regular quality control cycle of the educational
program and all data were anonymized, no signed informed con-
sent was obtained. The study was approved by the Ethical Review
Board of the Netherlands Association for Medical Education.

2.3. Participants

The test was taken by 282 second-year medical students. All
students followed the same educational program. Because of the
limited availability of computers the participants were divided in
two groups and tested at different moments in one week. Both
groups took a different version of the test (version A or B) to prevent
sharing of answers. Prior to the test all participants were invited to

attend a meeting to practise with volumetric CT-image questions
based on stack viewing in the testing program VQuest. Almost all
participants attended this meeting. 277 participants filled out the
questionnaire (response rate was 98%).

ing an example of a question in which the student is asked to mark an anatomical
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Table 1
Radiology test results: estimated reliability (Cronbach’s ˛), means and standard
deviations of percentage scores of 2D and volumetric image questions.

Test version (and N participants) Version A (139) Version B (143)

2D image questions
˛ (k) .24 (11) .37 (11)
Mean percentage score (SD) 88.4 (10.4) 82.3 (11.7)

Volumetric image questions
˛ (k) .51 (10) .54 (10)
58 C.J. Ravesloot et al. / European Jo

.4. Radiology test

The objectives of the test were basic radiological knowledge
nd image interpretation skills on prevalent illnesses and radiolog-
cal anatomy. The test contained 50 questions in total and lasted
.5 h. Both versions of the test contained ten volumetric CT-image
uestions and eleven 2D CT-image questions, all on CT anatomy
abdomen, chest or brain). In case of a volumetric CT-image
uestion, participants were asked to label a specific anatomical
tructure (Fig. 1). The 2D image questions were designed as long-
enu multiple-choice questions (including about 25 options): an

natomical structure was marked in a CT-slice, and participants
ere asked to identify it and choose the correct option from the list.

he volumetric image questions were applied in the digital test-
ng program VQuest and were viewed in stack mode (see video).
D CT-image questions were assessed using Testvision®, a digital
esting program which does not allow stack viewing. Participants
ere not able to change viewing direction or tissue contrast of

ither 2D or volumetric CT-images. A team of radiology residents
nd an experienced radiologist who were involved in the radiology
eaching of medical students constructed the test questions con-
orm the learning objectives of the educational program. Four 2D
T-image questions in both versions of the test were not used in
rior exams. All other 2D image questions had been used previously
nd were considered to be good quality questions, around 80% of
hem had an r-value (discrimination value) above .15. Anatomical
tructures for the newly developed 20 volumetric CT-anatomy test
uestions were selected from the learning objectives list for second
ear medical students.

.5. Questionnaire

The questionnaire was based on a survey that is regularly
dministered for the evaluation of tests of undergraduate medi-
al education at the University Medical Center of Utrecht and was
eveloped by the Center for Research and Development of Med-

cal Education. Specific questionnaire items for the evaluation of
he 2D and volumetric CT-image questions were designed by the
xaminers of the radiology test in consultation with an evaluation
mployee of the Center for Research and Development of Educa-
ion at and an associate professor at the Department of Pedagogical
nd Educational Sciences of Utrecht University, and added to the
uestionnaire. Fifteen items were used to evaluate perceived rep-
esentativeness for clinical practice (1 item), difficulty (5 items)
nd user-friendliness (9 items) of the volumetric image questions
ompared to traditional 2D image questions and are shown in
able 2. Participants could rate their agreement with each item
n a five-point Likert scale, in which 1 is “not agree”, and 5 is
completely agree”. Because there were several items measuring
he same subject, a reliability scale (Cronbach’s alpha) could be
btained indicating consistency among questions, i.e. all partici-
ants’ responses on these questions result in the same score [9,10].
ronbach’s alpha is a correlation coefficient that reaches 1.0 when
ll responses on questions of the same scale are exactly equal. Scales
ith a Cronbach’s alpha coefficient of .8 or higher are considered

eliable [10]. Both scales measuring perceived user-friendliness of
he testing program and perceived difficulty of volumetric versus
D image questions had good estimated reliabilities of Cronbach’s
lpha .81.

.6. Data analysis
.6.1. Reliability of the radiology test
Reliability estimates for test scores on volumetric and 2D image

uestions were computed with Cronbach’s alpha. Because Cron-
ach’s alpha is highly dependent on the number of questions in
Mean percentage score (SD) 80.9 (14.8) 79.9 (15.5)

k is the number of questions.

the test, tests with fewer questions, as in our study (10 volumetric
image questions and 11 2D image questions) will have low alphas
[10]. To estimate the number of 2D and volumetric image questions
needed for a Cronbach’s alpha of .80 the Spearman Brown Formula
was used: number of questions = (k × .80) × (˛ − 1)/(˛ × (.80 − 1)),
where ˛ stands for Cronbach’s alpha of the current test and k is the
number of questions in the current test (for 2D image test k = 11
and for volumetric image test k = 10) [9].

2.6.2. Difficulty of the radiology test
Indications of objective difficulty differences between 2D and

volumetric CT-image questions were obtained by comparing
means and standard deviations of scores for 2D and volumetric CT-
image questions per version using paired t-tests. Further p-values
of 2D and volumetric CT-image questions were compared. The p-
value is the proportion of correct answers for a test question, so the
higher the p-value, the easier the question.

For each participant a score for perceived difficulty was calcu-
lated by averaging the responses on the three questions concerning
the perceived difficulty scale (light blue shaded items 2–4 in
Table 2). Perceived difficulty was evaluated by calculating the mean
score and standard deviation of all responses on the perceived dif-
ficulty scale. This resulted in a mean score between 1 and 5, where
a score higher than 2.5 indicated that participants considered vol-
umetric CT-image questions easier than 2D CT-image questions.
Added to these calculations, differences between mean scores on
two paired items on 2D and volumetric CT-image question diffi-
culty (see Table 2, question numbers 5 and 6) were tested using
paired t-tests, after assumption checks.

2.6.3. Perceived representativeness of clinical practice
Perceived representativeness was evaluated by calculating the

mean and standard deviation of the responses on questionnaire
item number 1, resulting in a score between 1 and 5. A score
higher than 2.5 indicated that participants considered volumetric
CT-image questions more representative for clinical practice than
2D CT-image questions.

2.6.4. User-friendliness of the testing program
To get an indication of the user-friendliness of the volumet-

ric image testing program the mean scale score of the responses
on items measuring user-friendliness was calculated (see Table 2
item number 7–12). This resulted in a mean score between 1 and
5, where a score higher than 2.5 indicated that participants consid-
ered the volumetric CT-image testing program user-friendly.

3. Results

3.1. Reliability of volumetric image questions
Cronbach’s alpha for scores on volumetric CT-image questions
was higher than for scores on 2D CT-image questions (see Table 1),
indicating a higher reliability. The Spearman Brown Formula
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Table 2
Questionnaire results: means (M) and standard deviations (SD) of responses on questionnaire items on
perceived representativeness of clinical practice, difficulty and user-friendliness of volumetric and 2D image
questions. All questions are translated from Dutch to English.

M SD Number of 
responses 

Perceived representativeness 
Ite

m
 n

um
be

r 
Scale: 1–5 (“completely disagree” to “completely agree”) 

1 Volumetric image questions reflect clinical practice 
better than 2D image items. 

4.1 0.8 267 

Perceived difficulty 
Scale: 1–5 (“completely disagree” to “completely agree”) 

2 Mentally representing a 3D image of anatomical 
structures out of a volumetric image is easier than out 
of a 2D image. 

4.4 0.7 274 

3 Recognizing anatomical structures in a volumetric 
image is easier than in a 2D image. 

4.4 0.8 273 

4 Stack viewing increases my ability to mentally 
represent relations between anatomical structures. 

4.5 0.6 273 

5 Indicating anatomical structures in a 2D image is easy.* 2.9 0.9 268 
6 Indicating anatomical structures in a volumetric image 

is easy.* 
3.8 0.9 262 

User-friendliness 
Scale: 1–5 (“completely disagree” to “completely agree”) 

7 The user-friendliness of ….. is good. 4.2 0.7 275 
8 The instruction manual of …. is clear. 4.2 0.7 274 
9 1.4 .raelc si .… fo ecafretni ehT 0.7 275 
10 The questions in …. were comprehensible. 4.1 0.7 272 
11 The image quality in …. was high. 4.0 0.9 274 
12 The time to complete the test was sufficient.  4.5 0.6 276 
13 Navigating between questions is fast. 4.1 0.7 273 
14 0.4 .lufesu si †xob erusnu ehT 1.0 267 
15 The progress bar‡ 9.3 .lufesu si 0.8 263 

*Significantly different for 2D and volumetric image questions at p < .001 using paired t-test.
†Students can mark questions in case of uncertainty by checking the “unsure box”. In this way they can easily
recognize them and reopen them to make adjustments to their answers.
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‡The progress bar shows how many questions are al
Perceived difficulty scale is calculated by averaging t
participant.

redicts that fewer volumetric image questions are needed to
chieve a desirable reliability (.80 or higher) compared to 2D
T-image questions: 38 and 34 volumetric CT-image questions
ompared to 139 and 75 2D CT-image questions, for version A and
respectively.

.2. Difficulty

The mean of responses on the scale items measuring volumet-
ic image question difficulty compared to 2D CT-image question
ifficulty was 4.5 (scale 1–5) (SD = 0.6; n = 268), see Table 2. This

ndicates that participants considered volumetric image questions
ess difficult than 2D CT-image questions. This is congruent with
he significant difference in mean score of responses on the diffi-
ulty items 5 and 6 (t (256) = 11.89, p < .001; eta squared = 0.36). In
ontrast, the mean percentage radiology test scores on volumetric
T-image questions were lower than mean percentage scores on 2D
T-image questions (see Table 1). This difference was significant
nly for version A of the test (t (138) = 5.50, p < .001, eta squared
.18). This difference in difficulty between 2D and volumetric CT-

mage questions is also shown by the difference in p-values of both

uestion types. p-Values of the majority of 2D CT-image questions
ere higher than .80 (ten 2D CT-image questions in version A and
ine in version B). In version B there was one 2D CT-image ques-
ion with a p-value of .24 (24% of the participants gave the correct
answered during the test.
res on light blue shaded questions (no 2-4) for each

answer), which appeared to be a relatively difficult question com-
pared to the other 2D CT-image questions in the test.

3.3. Perceived representativeness of clinical practice

Mean score for questionnaire responses on perceived represen-
tativeness was 4.1 (SD .84) on a five point Likert scale, see Table 2,
indicating that participants considered volumetric CT-image ques-
tions more representative for clinical practice than 2D CT-image
questions.

3.4. User-friendliness of volumetric image testing program

The mean of responses on the user-friendliness scale of the vol-
umetric CT-image testing program was 4.1 (scale 1–5) (SD = .47;
n = 277). See Table 2 for means of responses on individual items (no
7–15).

4. Discussion

The estimated reliability of volumetric image question scores

was higher than for 2D CT-image question scores in both test
versions. There were more questions needed for a desirable
reliability when using 2D CT-images compared to volumetric
images. This indicates that volumetric image question scores are
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ore accurate and more reproducible compared to 2D CT-image
uestion scores. This might be due to a greater dispersion in
cores for volumetric image questions compared to 2D image
uestions (see Table 1). Possibly, participants need to master more
r other kinds of knowledge and skills to complete a volumetric
T-image test. This can lead to a greater dispersion of scores, and
etter discriminating power between high and low performers
n the image interpretation task. However these results should
e interpreted with care, because of the relative low number of
D and volumetric image questions in the tests. This might have

nfluenced test score reliabilities, which were fairly low. Therefore,
vidence from larger empirical prospective research is needed for
onfirmation and reproducibility of the results.

In version A of the test, the scores on volumetric CT-image ques-
ions were significantly lower than on 2D CT-image questions. In
ersion B 2D CT-image question scores were also higher than volu-
etric image test scores. However, the difference was smaller than

n version A and not significant. Several discussion points arise from
hese results. Firstly, it is very difficult to construct different sets of
uestions with equal difficulty, especially if a set is only composed
f 10 or 11 questions, as is the case in the current study. 2D image
uestions might, unintendedly, be easier. Moreover, different ques-
ion types were used for 2D and CT-image questions (extended

atching versus labeling structures in the image). Thus, differences
n score might not be related to the display format alone. Secondly,
ne 2D CT-image question was very difficult (p-value .24) compared
o the other 2D CT-image questions and might not be representative
or 2D CT-image questions in general (outlier). Without this ques-
ion, the difference in 2D and volumetric CT-image test scores in
ersion B would also have been much larger and comparable with
ersion A scores. Therefore, it seems plausible that the difference in
ersion A 2D and volumetric CT-image scores are more represen-
ative. However, this result would benefit from further research.
hirdly, if 2D CT-image questions are indeed less difficult than vol-
metric image questions an explanation for this finding might be
hat mastery of more (advanced) knowledge and skills are needed
o complete volumetric image questions in comparison to 2D CT-
mage questions, which is in accordance with the higher reliability
f volumetric image question scores. As stated earlier, it is proba-
ly easier to find the structure of interest in a 2D image than in a
olumetric image, as the structure is already shown. This consti-
utes a potential risk of underrepresentation of the intended test
bjectives, which might threaten validity of the test [7].

In contrast to these test score differences we found, participants
onsidered volumetric CT-image questions less difficult than 2D
T-image questions. An explanation of the discrepancy between
tudents’ perception and their test scores may be that tracking the
ourse of anatomical structures through volumetric images gives
tudents an unwarranted feeling of confidence. However, the per-
eption of abnormalities in volumetric images with multiple slices
ight in fact be more difficult than in a single slice, as the abnor-
ality or structure is not directly shown and image manipulating

s required [11,12]. Such a false feeling of confidence in volumet-
ic image tests could be compared with the phenomenon of a
false sense of security” reported in, for instance, studies on open-
ook examinations [13]. In open-book examinations, students have
ccess to their study material, and therefore might experience it
s easier than closed-book examinations. However, questions in
pen-book examinations often assess higher-level cognitive skills,
nd are in fact more difficult than closed-book exams.

According to the participants, volumetric image questions more
ccurately reflected the image interpretation process in clini-

al practice (higher perceived representativeness of the clinical
ractice) than 2D CT-image questions. This supports the validity of
he volumetric approach. However, although all participants were
rained in interpreting volumetric images during their radiology
of Radiology 84 (2015) 856–861

classes, most students in our population had no radiology experi-
ence in clinical practice. Further perceived representativeness was
evaluated with only one questionnaire item. Repetition of the study
with more experienced students (clerks or residents) including a
questionnaire with a couple of questions addressing perceived rep-
resentativeness of volumetric image questions for clinical practice
would be useful to evaluate reproducibility of the results to more
experienced learners.

Participants of the tests rated the volumetric image testing
program as user-friendly. This is an important finding because
changing the testing format could increase the complexity of the
test, which might impact validity as well as reliability of the test.
This threat to validity is called construct irrelevant variance in
educational sciences research and implies that test scores can be
influenced by other unintended factors (constructs) [7]. For exam-
ple, tests with a time limit can be extremely difficult and stressful
because of the time pressure. The ability of students to cope with
stress might then influence test scores as well. The same valid-
ity issues can impact the quality of the volumetric test format if
the testing program used for volumetric image questions is not
intuitive or image manipulation is slow.

Further, an important consideration is that stack viewing of vol-
umetric images are key to cross-sectional modalities, e.g. CT or
MRI, and do not play a role in conventional imaging or ultrasound.
Depending on the learning objectives, a radiology test should there-
fore include a mix of 2D images and volumetric images. In the
current study we focused on the effect on quality of replacement
of 2D CT-images by CT-volumetric images in radiological anatomy
tests, and consequently our study results apply only to the testing
of CT-interpretation skills.

The current study shows that testing of CT-anatomy knowl-
edge and skills with volumetric images might add to test quality
(reliability and perceived representativeness) and that this can
be successfully implemented in undergraduate medical education.
Though our results are promising, they are still preliminary and
might benefit from additional studies. Suggestions for future stud-
ies include evaluating the predictive validity of the test showing
whether high performers in the volumetric image test indeed inter-
pret radiological images better in clinical practice. Further studies
on external validity would be beneficial, to evaluate if scores on
the volumetric image test correlate with other tests of radiological
knowledge and skills.

Relevance of article

This article adds to the evidence on how to improve testing of
radiological image interpretation skills of students or other trainees
in order to stimulate learning and improve radiological perfor-
mance in clinical practice.
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