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SUMMARY Imaging specialties require both perceptual and

interpretation skills. Except in very simple cases, data perception

and interpretation vary among clinicians. This variability

makes for difficulty in measuring these skills with traditional

assessment tools. The script concordance approach is conceived to

allow standardized assessment in contexts of uncertainty. In this

exploratory study, the authors tested the usefulness of the approach

for assessment of perceptual and interpretation skills in radiology.

A perception test (PT) and an interpretation test (IT) were

designed according to the approach. Both tests used plain chest

X-rays. Three groups were tested: clerkship students (20), junior

residents (R1–R3; 20), senior residents (R4–R5; 20). Eleven

certified radiologists, all currently appointed to chest reading,

provided the answers by aggregate scoring method. Statistics

included descriptive, ANOVA, regression analysis, Pearson and

Spearman correlation coefficients. Cronbach alpha values were

0.79 and 0.81 for the PT and IT respectively. Score progression

was statistically significant in both tests. Perception scores

progressed more rapidly than interpretation scores during training.

Effect size was large in discriminating low versus higher level

of expertise, 2.2 (PT) and 1.6 (IT). The Pearson correlation

coefficient between both tests was 0.58. Cronbach alpha coefficient

values indicate reasonable reliability for both tests. The linear

progression of scores, each at its own pace, and the positive and

moderate magnitude of the Pearson correlation coefficient are

arguments suggesting measurement of two different skills. More

studies are necessary to document the approach usefulness for

assessment in radiology training.

Introduction

Visual clinical specialties require both perceptual skills, which

are mostly non-analytic, and interpretation skills, which look

for clues and make a series of value judgments in order to

arrive at a diagnosis (Norman et al., 1992). Experience

shows that residents’ perceptual and interpretation skills do

not necessarily develop synchronously. Knowing what to

look for does not guarantee against ‘creative reading’,

interpreting composite shadows for real nodules, for instance.

Perception–interpretation discrepancies are common diffi-

culties encountered in training residents in radiology. So far,

such discrepancies remain resistant to objective demonstra-

tion and there is a need in radiology training programs

for tests that can document the progress of students and

residents in both skills.

One reason for the difficulty in achieving reliable tests of

reading skills might be the variability that expert radiologists

demonstrate when perceiving and interpreting diagnostic

images. Research on clinical reasoning has demonstrated

that, in similar clinical settings, physicians do not collect the

exact same data and do not follow the same path of thought,

even if they come to the same diagnosis (Grant & Marsden,

1988). Moreover, physicians perform with substantial

variation on any specific real or simulated case (Barrows

et al., 1978; Elstein et al., 1978). Among experts, unanimous

reasoning on real clinical situations is the exception.

Divergent opinion among them is rather the rule, even if

they generally agree on the outcome, for instance the

diagnosis. When translated into assessment settings, this

implies that test answer grids cannot be (and most of the time

are not) based on a single examiner (Swanson et al., 1987).

The script concordance approach (Charlin et al., 2000a)

offers a way to overcome these difficulties. It rests on three

principles, each of them concerning one of the three

components (Norman et al., 1996) of all tests: the task

required from examinees, the way examinees answers are

recorded, and the way examinees’ performance is trans-

formed into a score.

The task presented to the candidates is challenging. It

represents a real clinical situation usually described in a

vignette (Charlin et al., 2000a). Several options (diagnosis,

management or attitude) are relevant to the situation and

items are made with the questions experts ask themselves to

progress toward a solution. For a test on interpretation in

radiology, the task is based on an authentic set of images,

presenting a genuine diagnostic challenge, even for an expert.

Items ask how a specific sign, present ( positive sign) or absent

(negative sign), affects one of the hypotheses relevant to the

situation. Items have three parts. The first presents the

hypothesis. The second presents a sign (positive or negative)

that may have an effect on the hypothesis. The third part, a

Likert scale, captures examinees’ answers. This response

format is in accordance with what is known from clinical

reasoning processes (Barrows et al., 1978; Elstein et al., 1978;

Grant & Marsden, 1988). It allows for the measurement of

the judgments that are constantly made within this process
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(Charlin et al., 2000b). An illustration of the format is given

in Figure 1. The method of building tools according to the

script concordance approach is described in detail elsewhere

(Charlin et al., 2000a).

The scoring method takes into account variation of

answers among jury members. It is an adaptation of the

aggregate scoring method (Norman, 1985; Norcini et al.,

1990). Credits on each item are derived from the answers

given by a panel of reference. The principle is that any

answer of an expert reflects a valid opinion that should

be taken into account, even those with poor agreement

among experts. The credit for each answer is the number of

panel members that have provided that answer, divided

by the modal value for the item. For example (see Figure 2),

if on an item six panel members (out of 11) have chosen

response �1, this choice receives 1 point (6/6). If three

experts have chosen response �2, this choice receives 0.5

(3/6), and if two experts have chosen response þ1, this choice

receives 0.33 (2/6). The total score for the test is the sum

of credits obtained on all items. This score is then divided by

the number of items and multiplied by 100 to get a

percentage score.

The script concordance approach uses a comparison of

examinees’ answers with those of a reference panel of experts

(11 experts in our study). It assesses whether examinees’

knowledge organization for clinical tasks, their script

(Charlin et al., 2000b), is in concordance with the scripts of

the reference panel of experts. It allows probing of the clinical

reasoning process, instead of focusing on the diagnostic

outcome alone, as traditional examination formats (such as

multiple-choice question test) would do.

The use of the script concordance approach has previously

been tested with scenarios of radiological problems presented

in written vignettes (Charlin et al., 1998). Results show that

it is possible with these written descriptions to detect

interpretation skill progression with training in radiology.

The present study was undertaken to verify whether this

effect could be found with the use of actual X-rays, instead of

Interpretation test: Nodule 

On this X-ray, a pulmonary nodule is seen in the anterior segment at the left upper lobe. 
The following diagnoses are included.

Lung cancer

Histoplasmosis

Solitary metastasis

Rheumatoïd nodule 

Pulmonary abscess 

On the X-ray, the following signs are also seen: 

1. No calcification is seen in the nodule. What effect this finding has on the diagnostic possibilities? 

Primary lung cancer –3 –2 –1 0 +1 +2 +3

Histoplasmosis –3 –2 –1 0 +1 +2 +3

Solitary metastasis –3 –2 –1 0 +1 +2 +3

2. The nodule is not cavitary 

Solitary metastasis –3 –2 –1 0 +1 +2 +3

Rheumatoid nodule –3 –2 –1 0 +1 +2 +3

Pulmonary abscess –3 –2 –1 0 +1 +2 +3

Answers grid (circle the right answer) 

–3 The diagnosis is excluded +1 The diagnosis is a bit more
probable 

–2 The diagnosis is a lot less probable +2 The diagnosis is a lot more
probable

–1 The diagnosis is a bit less probable +3 The diagnosis is the only one 
possible 

0 No effect on hypothesis

Figure 1. Examples of items concerning the first set of X-rays in the interpretation test.
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written scenarios. We also wanted to disentangle perception

from interpretation skills and to test the application of the

script concordance approach to visual perception of radio-

logical signs. The participant had to decide whether a sign

was present or not on the films (see Figure 3). Answer

options were yes (the sign is present), no (the sign is not

present), artifact (it is an artifact) or I don’t know. A pilot

study showed that experts’ opinions on signs present or

absent on films were far from unanimous, so the use of the

aggregate method for scoring was appropriate.

Research questions were as follows: (1) Does the script

concordance approach allow reliable and valid measure-

ment of perception and interpretation skills in radiology

settings? (2) How do scores progress along training on the

two skills?

Method

Subjects

The study was carried out in two different teaching radiology

departments. Trainees of three different training levels

accepted to participate freely: clerkship students (20),

junior residents (R1 to R3; 20), and senior residents (R4

and R5; 20). To be selected, clerkship students had to have

completed an undergraduate rotation in general radiology.

Recruitment stopped when 20 subjects in each category

were enrolled. Eleven staff members from university depart-

ments—all currently appointed to chest reading—agreed to

be the panel of reference.

Material

Both tests were drawn from the plain chest X-ray domain:

Four common presentations were selected, each one

referring to a different training objective shared by both

undergraduate and postgraduate radiology programs: coin

lesion, atelectasis, interstitial infiltrate, and mediastinal

mass. Four sets of PA and lateral films were used in the

interpretation test and four others were used for the

perception test. All were representative exemplars of each

diagnostic challenge.

Interpretation test (IT)

Since the IT focuses on sign interpretation and not on sign

perception, the actual signs were clearly specified on test

sheets. The introducing paragraph was the following:

‘On this film, there is a nodule in the anterior segment of

the left upper lobe. Hypotheses are: primary neoplasm,

histoplamosis, metastatic nodule, necrobiotic nodule, and

pulmonary abscess. There are other signs on the films.

What effect does each of them have on the diagnostic

hypotheses you consider?’ Positive (e.g. there are calcifica-

tions in the nodule), or negative (e.g. the nodule is not

cavitated) signs were presented. The task was to decide what

effect each sign had on the current hypothesis (see Figure 1).

The answer format was a seven-point Likert scale ranging

from �3 ‘the diagnosis is excluded’ to þ3 ‘the diagnosis is the

only one possible’, with 0 corresponding to ‘no effect on

hypothesis’. The whole IT was made of 145 items: case A

(coin lesion, 45 items), case B (atelectasis, 35 items), case C

(interstitial infiltrate, 35 items), case D (and mediastinal

mass, 30 items).

Perception test (PT)

The PT was based on the same four problems (coin lesion,

atelectasis, interstitial infiltrate, and mediastinal mass), each

one pictured on a set of chest X-rays (different sets from

those used in the IT). The PT was made of 38 items. For

each case a series of radiological signs was provided. The

participant had to decide if the sign was present or not on the

films (see Figure 3). Answer options were yes (the sign is

present), no (the sign is not present), artifact (it is an artifact)

or I don’t know. Scores on both tests were computed from

answers given by a reference panel of 11 experts. Panel

members were asked to complete the tests individually.

Perception test: Nodule 

Is there: Yes No   Artefact Don’t know

A nodule in the right upper lobe? 

A nodule in the left upper lobe? 

A mass in the aortic pulmonary window? 

Figure 3. Example of items from the first set of X-rays in the perception test.

–3 –2 –1 0 +1 +2 +3

No. of experts’answer 0 3 6 0 2 0 0 

Raw  score 0 3/6  6/6 0 2/6 0 0 
Student credit for the item 0 0.5 1 0 0.33 0 0 

Figure 2. Method of score transformation.
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Statistical analysis

Analyses on the IT were done at the level of signs to prevent

artificial inflation of reliability coefficients due to item

dependence related to a single sign (there are five items for

each sign). Thus the mean score of the five items related

to each sign was considered as the unit of measurement. Data

were analyzed at two levels: the problems (four cases) and the

whole test (summation of scores of the four problems). All

global scores (cases and total) were plotted to a common

denominator of 100 points to be easily comparable.

Statistical analyses included descriptive statistics,

ANOVA, and linear regression analysis. Scale reliability was

evaluated by alpha coefficient for internal consistency

(standard Cronbach alpha) without any form of optimization.

One-way analysis of variance was used to test the differences

between the three groups on global score and cases. Simple

regression analysis was used to compare ‘progression’ of

scores with increased level of training (used as the independ-

ent variable) and to estimate the slope of the regression line

(unstandardized regression coefficient). A Z test (Kanji,

1993) was used to compare the two regression coefficients.

The relationship between interpretation and perception

tests was assessed with the Pearson correlation coefficient,

while the relationship between level of expertise and per-

formance was assessed with Spearman’s coefficient. Effect

size was calculated using differences between mean of

extreme groups (clerkship students versus senior residents)

and standard deviation of the lowest mean group. All tests

were two-sided with an alpha level of 0.05.

Results

Data were obtained from three groups of 20 trainees. Results

are presented at the level of the whole test, then at the level of

the cases because of the well-known phenomenon of content

specificity in clinical reasoning (Norman et al., 1985).

Analysis at the whole test

The alpha coefficient on the 38 items of the perception test

was 0.79. It was of the same order (0.81) for the 145 items

regrouped at the level of 29 signs in the interpretation test.

As expected, there were high item–total correlations for both

tests. The correlation between both tests was 0.58 ( p<0.05).

For both tests, the difference between the three groups is

statistically significant (<0.001) for the test as a whole. Effect

size is very large for both tests, 2.2 (perception test) and 1.6

(interpretation test).

The slope of the relationship between level of training and

the mean scores on the whole test was estimated using the

unstandardized regression coefficients. The slope is steeper

(has higher value) in the perception test (slope ¼ 10.9) than

in the interpretation test (slope ¼ 5.7). Figure 4 illustrates

the progression of global scores for both tests.

Analysis at the level of cases

When using the four cases as the unit of analysis, the alpha

coefficients are 0.77 for the perception test and 0.72 for the

interpretation test.
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Figure 4. Evolution of perception and interpretation

scores.

Table 1. Correlation matrix for cases and total scores on both testsa.

Perception Interpretation

Case A Case B Case C Case D Total Case A Case B Case C Case D

Perception

Case A –

Case B 0.28 –

Case C 0.47 0.59 –

Case D 0.41 0.58 0.41 –

Total 0.63 0.83 0.82 0.78 –

Interpretation

Case A 0.44 0.61 0.60 0.35 0.65 –

Case B 0.25 0.42 0.31 0.21 0.39 0.64 –

Case C 0.20 0.29 0.23 0.17 0.29 0.39 0.56 –

Case D 0.14 0.29 0.26 0.11 0.27 0.26 0.30 0.26 –

Total 0.38 0.57 0.51 0.30 0.58 0.85 0.85 0.91 0.55

Note: aCorrelations higher than 0.25 are statistically significant p<0.05.
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Table 1 shows the correlations between scores on cases

and total scores for both tests. Moderate correlations were

found between cases within each test (0.28 to 0.64) and low

to moderate correlations between cases across tests (0.11 to

0.61). Moderate correlations are observed between cases

from both tests (0.30 to 0.57). Case A of the interpretation

test has a very special profile since it shared high correlation

(0.60 and 0.61) with case B and case C of the perception test

and with global perception score (0.65). Correlation coeffi-

cients between tests results show moderate relationships for

case A (0.44; p<0.01); case B (0.42; p<0.01); case C (0.21;

p ¼ 0.08); case D (0.11; p ¼ 0.42) and for global score (0.58;

p<0.01).

Mean scores obtained for each of the four problems by

the three groups with the perception test and the inter-

pretation test are given in Table 2 and Table 3. In the

perception test, all differences between groups are statis-

tically significant (<0.001) for each of the four problems.

In the case of the interpretation test, significant differences

between the three groups are found for the two first

problems. Smaller (non-significant) differences between

groups were noted for problem 3 (F ¼ 2.3; p ¼ 0.112) and

for problem 4 (F ¼ 1.4; p ¼ 0.215). In both tests, with all

four problems, all the means showed a constant progres-

sion from the student training level to the senior resident

level (R4–R5).

In general, the slope is steeper in the perception test (case

A ¼ 7.6; case B ¼ 13.9; case C ¼ 12.9; case D ¼ 8.9) than

in the interpretation test (case A ¼ 9.8; case B ¼ 5.9; case

C ¼ 2.8; case D ¼ 2.7). Case A is the exception, as the slope

is steeper in the interpretation test. On the other hand,

regression coefficients for each case of the perception test

and of the interpretation test are not statistically significant

(all p values >0.10).

Estimation of Spearman correlation shows strong

relationship between level of expertise and performance on

perception test: case A (r ¼ 0.34); case B (0.77); case C

(0.66); case D (0.63), total score (0.79). The relationship

is lower for the interpretation test: case A (0.64); case B

(0.41); case C (0.25); case D (0.24) and total score (0.57).

Correlations higher than 0.25 are statistically significant at an

alpha level of 0.05.

Discussion

Problems that professionals handle in their practice are of

two kinds: technical and professional (Schön, 1983).

Technical ones are those resolved by applying known

‘algorithmic’ strategies, in defined and stable contexts, with

clear and predictable goals. They are called well-defined

problems. In medicine, each patient is embedded in a

unique context, depicted with often imperfect, inconsistent,

or even inaccurate information. Translated to the radiology

context, images are far from being all being ‘standard’.

Hence, radiologists, like other clinicians, are often challenged

with the second or ill-defined type of problem (Harris, 1993).

According to Schön (1983) the knowledge required to

solve ill-defined problems differs from the technical knowl-

edge used to handle well-defined problems. He called it

professional knowledge. He stated that professional schools

emphasize learning and assessing technical knowledge too

much while often neglecting the crux of the matter, i.e.

professional knowledge.

When reasoning on complex problems, professionals

follow different paths on their way to the solution, as shown

repeatedly in research on clinical reasoning (Barrows et al.,

1978; Elstein et al., 1978; Grant & Marsden, 1988). It has

also been shown that perception and interpretation of

features in visual domains is context sensitive (Brooks et al.,

2000). Nevertheless, assessment jury members are still

commonly required to provide ‘the correct’ answers exami-

nees should arrive at for each item tested. Therefore

examinees are submitted to problems defined well enough

to allow clear-cut ‘correct’ answers, and are almost never

exposed to the type of ill-defined problems clinical experts

deal with in daily practice. The script concordance approach,

Table 2. Performance of groups on the perception test.

Case A Case B Case C Case D Total test

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Students 66.9 (13.5) 65.7 (15.1) 59.6 (16.9) 53.0 (15.7) 61.0 (10.2)

R1–R3 74.5 (12.7) 81.6 (14.7) 74.1 (13.4) 63.8 (12.8) 73.4 (8.8)

R4–R5 82.1 (8.0) 93.6 (6.1) 85.4 (7.2) 70.8 (9.6) 83.0 (4.0)

Anova F 8.5 24.3 19.3 9.6 36.8

p <0.001 <0.001 <0.001 <0.001 <0.001

Table 3. Performance of groups on the interpretation test.

Case A Case B Case C Case D Total test

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Students 56.5 (8.8) 45.7 (11.8) 53.3 (7.9) 55.5 (10.3) 52.9 (7.1)

R1–R3 69.5 (11.6) 50.4 (9.9) 54.6 (9.9) 59.7 (11.4) 59.3 (7.9)

R4–R5 76.2 (8.2) 57.6 (10.9) 58.8 (7.9) 60.9 (10.4) 64.4 (6.2)

Anova F 21.6 6.1 2.3 1.4 13.0

p <0.001 0.004 0.11 0.26 <0.001
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because it gives credit to divergent ways of thinking,

overcomes this limitation of traditional exams.

Both tests used in the study demonstrate good metric

qualities. The interpretation test is reliable with an acceptable

value of alpha coefficient (0.81), even if it was computed

at the level of signs (29), and not at the level of items (145),

to prevent an artificial inflation of the coefficient due to high

inter-item correlations among same case items. The test is

well accepted by examinees, who liked its ‘real clinical life’

style. It is composed of authentic questions that experienced

clinicians ask themselves while solving a problem. It has also

the advantage of a standardized scoring process. The other

test (perception test) also shows good reliability (0.79) with

few items (38). It discriminates examinees efficiently as

shown by high F values, large effect size and steep slopes for

regression lines. Both instruments carry high discriminative

power as effect size is large in both tests, 2.2 (perception test)

and 1.6 (interpretation test). Therefore it is possible to detect

variations between small groups of examinees.

Perception and interpretation skill scores are good

predictors of levels of training. Performance on the percep-

tion test stands as the best predictor. Patterns observed in the

correlation matrix show that both measures are substantially

correlated and that competence in the perception realm

emerges as the best predictor of level of training. Both

competences increase linearly at their own progression pace.

Study data seem to indicate that perception skill is acquired

sooner than interpretation skills. At the beginning of training,

it seems easier to perceive than to interpret.

This exploration study has several limitations. (1) The

transverse nature of the present study limits the possibility

to document the true progression of both skills. (2) Small

sample size limits the possibly to detect moderate differences

between the slope of the two progression lines. (3) While data

provide arguments on measurement of two different skills,

one has to establish more clearly that the tests are really

measuring perception and interpretation skills. For instance,

asking ‘is there a nodule present’ may elicit different

responses from a free-form question, such as ‘is there an

abnormality’. A study testing the equivalence of responses

between the two types of question will have to be undertaken.

At this time the gold standard in evaluation in radiology

training is oral where examinees are asked by an observer

to read films and are probed on perception and interpretation

of radiological signs. A study is needed to demonstrate that

PT and IT scores correlate strongly with observers’ assess-

ment on the skills of examinees.

Conclusion

This study indicates that it may be possible, with the script

concordance approach, to reliably and validly measure

perception and interpretation skill. More studies are neces-

sary to document its usefulness for assessment in radiology

training. If the validity of these tools is confirmed, their use in

radiology training may allow, by using real-life stimuli

and tracking answers with standardized methods, follow up

of the acquisition of both skills along training. Low scores on

the interpretation test might help identify those students or

residents who would benefit from special educational

assistance to improve their problem-solving skills, while the

use of a perception test would permit identification of those

residents in need of perceptual remedies.

Practice points
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