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Rationale and Objectives: Radiology practice has become increasingly based on volumetric images (VIs), but tests in medical education
still mainly involve two-dimensional (2D) images. We created a novel, digital, VI test and hypothesized that scores on this test would better

reflect radiological anatomy skills than scores on a traditional 2D image test. To evaluate external validity we correlated VI and 2D image

test scores with anatomy cadaver–based test scores.

Materials and Methods: In 2012, 246 medical students completed one of two comparable versions (A and B) of a digital radiology test,

each containing 20 2D image and 20 VI questions. Thirty-three of these participants also took a human cadaver anatomy test. Mean scores

and reliabilities of the 2D image and VI subtests were compared and correlated with human cadaver anatomy test scores. Participants

received a questionnaire about perceived representativeness and difficulty of the radiology test.

Results: Human cadaver test scores were not correlated with 2D image scores, but significantly correlated with VI scores (r = 0.44,

P < .05). Cronbach’s a reliability was 0.49 (A) and 0.65 (B) for the 2D image subtests and 0.65 (A) and 0.71 (B) for VI subtests. Mean VI

scores (74.4%, standard deviation 2.9) were significantly lower than 2D image scores (83.8%, standard deviation 2.4) in version A
(P < .001). VI questions were considered more representative of clinical practice and education than 2D image questions and less difficult

(both P < .001).

Conclusions: VI tests show higher reliability, a significant correlation with human cadaver test scores, and are consideredmore represen-

tative for clinical practice than tests with 2D images.
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R
adiologists and other medical specialists involved in

interpreting radiological images are confronted

with large datasets and ample options for image

manipulation (1). Although radiologists used to view cross-

sectional images as single slices presented next to each other

(ie, tile viewing), nowadays, the use of innovative image

displaying software is the norm. This allows the radiologist
Acad Radiol 2015; 22:640–645

From the Department of Radiology, University Medical Center Utrecht, Room
E01.132, Heidelberglaan 100, 3508 GA, Utrecht, The Netherlands (C.J.R.,
A.V.G, J.C.B.M.H., J.P.J.S.); Department of Education, Utrecht University,
Utrecht, The Netherlands (M.F.V.S.); Image Sciences Institute, University
Medical Center Utrecht, Utrecht, The Netherlands (K.L.V., C.P.M.);
Department of Anatomy, University Medical Center Utrecht, Utrecht, The
Netherlands (R.L.A.W.B.); and Center for Research and Development of
Education, University Medical Center Utrecht, Utrecht, The Netherlands
(O.T.C.). Received August 12, 2014; accepted December 11, 2014. Funding
source: This work was partly financially supported by the SURF Foundation,
Collaborative Organization for ICT in Dutch higher education and research.
SURF had no involvement in the study design, analysis, interpretation of the
data, or drafting of the article. Address correspondence to: C.J.R. e-mail:
C.J.Ravesloot@umcutrecht.nl

ªAUR, 2015
http://dx.doi.org/10.1016/j.acra.2014.12.013

640
to scroll through three-dimensional (3D) datasets (stack

viewing), adjust window level, and use advanced image

reconstruction tools, such as on the fly multiplanar reformat-

ting. The data for one cross-sectional patient investigation

involve a volumetric image (VI) containing up to hundreds

of slices, which can be scrolled through in various planes

and contrast settings. A vast amount of visual information

must be processed and interpreted by the observer (2). Radio-

logical image interpretation has changed significantly and

consequently requires different skills (1–4). It is therefore

important that radiology education should change

accordingly (5).

Acquiring basic radiological knowledge and image

interpretation skills for medical students is increasingly impor-

tant, as diagnostic imaging has become a prominent diagnostic

tool indaily clinical practice (5,6). Specifically, theknowledgeof

radiological anatomy is required for medical doctors of various

specialisms to recognize abnormalities on radiological images

and to understand the radiology report (7,8). Efforts are made

to innovate and digitalize radiology education; however, the

contents of these curricula vary and are often not supported

by empirical evidence (9,10). In particular, studies on the
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development of high quality radiology tests are scarce.

Furthermore, most radiology tests do not do justice to the

major developments in radiological image interpretation

practice. For example, most radiology tests or self-assessment

tools do not contain VIs or allow for image manipulation (2D

image test) (11). Pass or fail decisions in traditional radiology

tests might therefore become increasingly meaningless given

theymay reflect measures of irrelevant competence. High qual-

ity radiology tests are consequently essential to ensure adequate

levels of radiological performance among medical doctors.

To argue a high test quality, evidence for reliability and sup-

port for validity of the test needs to be gathered (12). Reliability

refers to the accuracy and reproducibility of test scores. Validity

implies that the test measures what it is intended to measure,

and that therefore decisions regarding students’ skills based on

their scores are valid. More authentic tests, reflecting clinical

practice, contribute to validity, because the skills assessed are

in accordance with those used in practice (13). Almost all cur-

rent radiology tests are based on 2D images, that is, a single slice

is taken from a VI, either based on a computed tomography

(CT) or magnetic resonance (MR) scan. The validity of such

tests might be at stake, as arguably these 2D image tests do

not measure the intended radiological skills needed in the

altered radiological practice. Digitalization and introducing

VI in radiology tests might improve test validity by increasing

its representativeness of clinical practice. The first results from

radiology tests with VI are promising and indicate that reli-

ability and perceived representativeness for clinical practice

are higher for VI tests than for traditional 2D image tests

(14). Additionally, students considered VI tests to better reflect

image interpretation skills required in clinical practice than 2D

image tests (14). The external validity of a test is another useful

objective measure of its validity. External validity addresses

whether test scores correlate to other measurements of the

same knowledge and skills intended to be tested (12,15).

In this study, we aimed to gather evidence for external validity

of VI testing in radiological anatomy education of medical stu-

dents. We correlated VI test scores to human cadaver anatomy

test results as an external measure of knowledge on 3D aspects

of anatomy, and compared the results to the correlation of 2D

image test scores to thismeasure. A golden standard for radiolog-

ical anatomic skill performance is not available; therefore, we

assumed that a human cadaver anatomy test would serve as a

good alternative, approximating radiological anatomy interpre-

tation skills.We hypothesized that the understanding of 3D anat-

omy is better resembled by VI interpretation than by the

interpretation of 2D images. In addition, we evaluated indica-

tions of reliability, perceived representativeness of clinical prac-

tice, and difficulty of 2D image versus VI questions in radiology.
MATERIALS AND METHODS

Study Design

In April 2012, 278 medical students at University Utrecht

took a digital radiology test with 2D image and VI ques-
tions at the end of their second preclinical year. Written

informed consent was provided by 246 students before

the test commenced. After the test, students received a dig-

ital questionnaire to measure both perceived representative-

ness of clinical practice and radiology education as well as

perceived difficulty of 2D image and VI questions. All study

participants were invited to take a traditional human

cadaver anatomy test. Thirty-three students agreed to

participate and took the human cadaver test 2 months after

the radiology test. Again, written informed consent was

provided before the test. Anonymous questionnaire re-

sponses and test scores were analyzed to evaluate 2D image

and VI test quality. Ethical approval was obtained from the

Ethical Review Board of the Netherlands Association for

Medical Education.
Population

All participants had completed a 2-year radiology education

program including basic radiological skills on prevalent dis-

eases and radiological anatomy as part of their preclinical med-

ical training. They attended 12 2-hour case–based small group

classes consisting of 8–10 students, in which they practiced

radiological chest and abdominal anatomy with 2D and volu-

metric CT scans among other things. Groups were instructed

by senior medical students and supervised by radiology resi-

dents (16). Approximately 100 hours of study time in the

medical curriculum was devoted to radiology. All participants

had studied gross anatomy in human cadavers as part of the

regular medical curriculum.
Instrumentation

Radiology test. The test consisted of 75 questions, including

40 CT-anatomy questions. The remaining 35 questions con-

cerned basic radiological image interpretation skills and

knowledge of prevalent diseases. Twenty CT-anatomy ques-

tions involved a whole volumetric dataset of either a normal

abdominal or a chest CT scan (VI questions). In the remaining

20 CT-anatomy questions, each question concerned one slice

selected from one of these two CT scans (2D image ques-

tions). Half of both the 2D image and the VI questions were

phrased as, for example, ‘‘See normal CT-scan. Mark the aorta

ascendens.’’ We called these questions ‘‘indication questions.’’

To answer an indication question participants had to put a

marker in the requested anatomic structure in the image

(2D image or VI), see Figure 1. The other half of the questions

was phrased as ‘‘See normal CT-scan. Which anatomic struc-

ture is marked red? Be as specific as possible.’’ We called this

question type ‘‘identification questions.’’ To answer an identi-

fication question participants had to choose the right answer

from a list with options containing up to 2000 anatomic struc-

tures. Participants could search in the option list by typing at

least two letters of their answer in the drop down box. A com-

plete overview of all questions used in the tests is provided in

the digital Supplement. All participants started with the 2D
641



Figure 1. Example volumetric image

question. Participants could change

viewing direction, by pushing buttons A
(axial), S (sagittal), and C (coronal), and

alter contrast setting (abdomen, bone,

and lung setting) by selecting a preset
window level (menu below ‘‘Window/

level’’).
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image questions, immediately followed by the VI questions.

For logistical reasons students were tested in two groups at

different time-points (two dates in April 2012) and both

groups completed a different test version.

The score model for each question was discussed and

derived by the examiners before the test. All answers

were checked automatically by the testing program (15)

based on this predefined score model. For each indication

question the area containing the requested anatomic struc-

ture was marked in the image by the examiners (3D region

in case of VIs and 2D region for 2D images). If the marker

was placed within this area the answer was considered cor-

rect and the participant assigned 1 point, if the marker was

not placed within the marked area no points were assigned.

On the basis of the score model, identification questions

were considered correct (1 point), partly correct (0.25,

0.5, or 0.75 points), or incorrect (zero points). Each partic-

ipant received a 2D image and a VI test percentage score; a

score of 20 points resulted in a percentage score of 100% for

each subtest.

Testing program. The test was administered in (15), a software

package designed for testing with volumetric datasets. Partic-

ipants were able to adjust window settings in both 2D image

and VI, and viewed VI in stack mode with the ability to

change viewing direction (Fig 1) (15).

Human cadaver anatomy test. During a traditional human

cadaver test students were asked to identify or indicate 40

anatomic structures in prosected human bodies under the su-

pervision of an anatomy teacher. Phrasing of the questions and

tested anatomic structures were identical to those in the

radiology test (see digital Supplement). Two questions were

slightly adapted, however, because they included an anatomic

structure not suitable for identification in a human cadaver.
642
For example, ‘‘gastric bubble’’ in the radiology test was

changed to ‘‘gastric fundus’’ in the human cadaver test.

Participants who took version A of the radiology test took

the human cadaver test with the anatomic structures of version

B of the radiology test, and vice versa.

Scores were calculated based on a scoring model derived by

the examiners group. Every participant received a percentage

human cadaver test score, in which a score of 40 was equal to a

100% percent score.

Questionnaire radiology test. The questionnaire concerning the
radiology test included four questions on perceived represen-

tativeness of clinical practice and education, and 10 questions

on difficulty of the 2D image and VI questions. This question-

naire was completed by 130 participants.
Analysis

Radiology 2D image and VI subtest scores were correlated

with human cadaver test scores using the Pearson correlation

coefficient. Mean radiology test scores (sum of 2D image and

VI subtest scores) of cadaver test participants were compared

to mean scores of radiology test participants who did not

volunteer in the cadaver test using t tests. Reliabilities esti-

mated with Cronbach’s a values of the 2D image and VI sub-

test scores were compared. Predicted Cronbach’s a values of

2D image and VI test scores including 40 questions were

calculated with the Spearman Brown formula (17). Question-

naire responses to questions on perceived representativeness

for 2D image and VI questions were compared using paired

t tests. Means of five questionnaire items measuring difficulty

on different aspects were calculated for 2D image and VI ques-

tions and compared using paired t tests. The estimated reliabil-

ities of these two difficulty scales were Cronbach’s a 0.87 (2D

image questions) and 0.89 (VI questions), respectively.



TABLE 1. Radiology Test Results, Baseline Characteristics,
Including Mean Test Scores and Standard Deviations (SDs),
Cronbach’s a as Reliability Estimates of Two-Dimensional
(2D) Image and Volumetric Image (VI) Test Scores (20 and 40
Questions) per Test Version

Test characteristics Version A Version B

Number of participants 121 125

2D image questions (k = 20)

a 0.49 0.65

a predicted for k = 40* 0.66 0.79

Mean score % (SD) 78.8 (10.8) 83.8y (11.8)
VI questions (k = 20)

a 0.65 0.71

a predicted for k = 40* 0.79 0.83

Mean score % (SD) 78.8 (13.0) 74.7y (14.4)

k = Number of questions.

*P < .001.
yCronbachs a predicted for test scores including 40 questions.

TABLE 2. HumanCadaver Test Results, and Correlationswith
Two-Dimensional (2D) Image and Volumetric Image (VI)
Radiology Test Scores

Test characteristics

Version A

(k = 40)

Version B

(k = 40)

Number of participants 19 14

a 0.62 0.81

Mean score (standard deviation) 60.3 (2.5) 73.0 (3.5)

Correlation (Pearson) with radiology subtest scores

2D image questions 0.07

VI questions 0.44*

k = Number of questions.

*Significantly different P < .05.
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RESULTS

Radiology Test

Mean scores and Cronbach’s a values of versions A and B of

the radiology test are shown in Table 1. Mean 2D image scores

were significantly higher than VI scores for test B participants

(t (124) = 8.7; P < .001, eta squared = 0.36). Mean radiology

test scores of human cadaver test participants (83.2%, standard

deviation [SD] 8.0) were higher than for radiology test partic-

ipants who did not volunteer in the human cadaver test

(78.2%, SD 11.5). This difference in mean radiology test

scores was significant for test A participants (t (119) = �2.4;

P = .02, eta squared = 0.04).
Correlation Radiology and Human Cadaver Test Scores

Nineteen of the radiology test version A participants and 14 of

the radiology test version B participants agreed to take the hu-

man cadaver test. Mean human cadaver test scores and Cron-

bach’s a values are shown in Table 2. Radiological VI subtest

scores had a significant correlation with human cadaver test

scores, whereas radiology 2D image subtest scores did not

correlate with human cadaver test scores.
Questionnaire Responses

The response rate was 54%. Respondents considered VI ques-

tions significantly more representative of radiology education

and clinical practice compared to 2D image questions (see

Table 3). 2D image questions were considered significantly

more difficult than VI questions.
DISCUSSION

This study shows that VI contributes to the external validity

and reliability of radiological anatomy testing. Contrary to
2D image questions, VI questions on radiological anatomy

correlated significantly to an external measure of 3D anatomy

knowledge. Accordingly, digital radiological VI interpretation

in current clinical practice requires a more holistic 3D under-

standing of anatomy, which is better reflected by VI than 2D

image radiology test scores. To our knowledge, no earlier

studies have investigated the correlation between radiology

test scores and human cadaver test scores. Previous studies

have found that teaching anatomic knowledge is important

for radiology image interpretation; for example, that 2D CT

anatomy interpretation can be improved by learning sectional

anatomy (18). Our study results suggest that 3D, in contrast to

sectional, anatomic knowledge is particularly important for

current radiological anatomic image interpretation.

Consistent with results on a previous retrospective study, VI

improved test quality on two other aspects: reliability and

perceived representativeness for clinical practice (14).

Increased reliability means that fewer VI questions are needed

to obtain accurate and reproducible test results than in 2D im-

age tests. A possible explanation for this difference in reli-

ability between VI and 2D image questions could be a

wider dispersion of test scores for VI questions, which is sup-

ported by larger SDs. More advanced knowledge and skills are

probably required to answer a VI question than a 2D image

question. This enhances the difference between students by

improving discrimination between high and low perfor-

mance, which adds to reliability.

Student performance on VI questions was lower than on 2D

image questions, which corroborates the previous retrospective

comparison (14). A possible explanation is that VI questions

require more extensive searching (eg, scrolling and changing

views), whereas in a 2D image question the anatomic structure

of interest is always shown. In addition, VIs also provide much

more information and the answer possibilities are rather

exhaustive. Remarkably, VI questions were perceived as less

difficult. This phenomenon has been found before and points

to a false sense of security, from the availability of information

in a task, for example, in open book examinations (14,19).

The 2D image question scores showed a lack of correlation

with an external measure, lower reliability, better student per-

formance, and smaller dispersion. One explanation for this
643



TABLE 3. Means (M) and Standard Deviations (SDs) of Responses on Questionnaire Items Concerning Perceived
Representativeness and Scale of Difficulty Items of Two-Dimensional (2D) Image and Volumetric Image (VI) Questions

Questionnaire items

M

Number of Responses2D Image VI

Perceived representativeness

Scale: 1–5 (‘‘completely disagree’’ to ‘‘completely agree’’)

2D image/VI questions reflect radiology education* 3.2 (1.2) 4.2 (0.9) 130

2D image/VI questions reflect clinical practice* 3.2 (1.2) 4.3 (0.8) 129

Difficulty

Scale: 1–5 (‘‘very easy’’ to ‘‘very difficult’’)

Mean scale of items on difficulty of 2D image/VI questions* 3.5 (0.7) 2.7 (0.7) 131

*Significantly different at P < .001.
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may be that in the 2D image questions skills and knowledge of

radiological anatomy were underrepresented. Such underrep-

resentation is a threat to validity and implies that 2D image test

results might not reflect students’ performance on radiological

image interpretation (20).

Several limitations of this study should be noted. First, one

could question the human cadaver test as an external mea-

sure for radiological anatomy interpretation skills. However,

as a golden standard does not exist, which is usually the case

for tests, we decided on a test that best reflects 3D anatomy

knowledge and visual skills. Second, only a small,

nonrandom sample of the study participants took the human

cadaver test. Mean radiology test scores of the human

cadaver test participants were slightly higher than the mean

scores of the rest of the radiology test participants. However,

these differences in scores were only significant in one of the

two testing groups (A), and the effect size was low to mod-

erate, indicating only a small selection bias favoring high

performers. Third, the results about perceived representa-

tiveness for clinical practice should be interpreted with

some caution, as students generally do not have clinical

experience and cannot compare the test to real clinic prac-

tice. This finding should therefore be verified with a popu-

lation experienced in clinical practice. Fourth, we only

investigated radiological anatomy tests; however, testing

radiological image interpretation of abnormal cases could

also benefit from the use of VI and should be subject of

future research. Fifth, reliabilities of all four subtests were

relatively low, because there were only 20 questions per sub-

test. However, predicted reliabilities for test scores based on

40 questions using the Spearman Brown formula were suffi-

cient to high. The difference in reliability between the four

subtests might be because of differences in asked anatomic

structures, but also owing to a larger dispersion in both

2D image and VI test scores for test B participants compared

to test A participants (see larger SDs in group B in Table 1).

The results indicate that VIs improve radiological anatomy

test quality on all studied quality aspects. The increase of

radiological images in many medical specialties asks for a

high test quality in medical education to warrant a high

level of radiological image interpretation skills of our future
644
medical doctors. VIs with stack viewing and multiplanar

reformatting tools should therefore be included in radiology

tests, especially in radiological anatomy testing.
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