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For test makers, multiple steps can be fol-
lowed to ensure that a learner’s knowledge or 
skills are accurately evaluated. Simply ask-
ing a question does not ensure appropriate 
testing. A poorly constructed test can even 
interfere with the effective demonstration of 
knowledge or skills. Alternatively, learners 
may score higher or lower than is warranted if 
the examination questions do not adequately 
discriminate between learners who have and 
have not learned the important material. Es-
pecially in the field of medical education, low-
quality tests can actually do harm, because pa-
tient safety may be at risk when learners pass 
examinations that they rightfully should have 
failed. As radiologists, we have a responsibil-
ity to train and deliver competent physicians 
who meet level-appropriate standards. This 
requires high-quality tests all along the train-
ing pathway. In this article, we describe what 
constitutes a high-quality test and outline sev-
en steps for designing a high-quality test.

What Constitutes High Quality?
There are three fundamental components 

of a high quality test: validity, reliability, and 
fairness [1] (Table 1).

Validity
Validity is the property by which a test ac-

tually measures what it is intended to mea-
sure. Those responsible for test construction 
must ensure that the assessment will result in 
an accurate judgment about the test taker’s 
knowledge or skills and that decisions based 
on test scores are appropriate for the purpose 
of the test [2].
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Tests, Tests, and More Tests
By the time radiologists begin to prac-

tice, they have taken hundreds of tests. There 
are high-stakes tests, such as the American 
Board of Radiology examinations and the 
United States Medical Licensing Examina-
tion. And there are lower-stakes tests, such 
as the short quizzes following training or 
compliance modules, which have become 
commonplace in many hospitals. In addi-
tion to taking tests, many radiologists create 
tests. Some serve on national, local, or insti-
tutional committees responsible for learner 
assessment. Even those who are not primar-
ily engaged in radiology education may be 
confronted by test construction tasks in oth-
er settings, as in committees reviewing com-
pliance with hospital initiatives (e.g., testing 
knowledge about patient safety initiatives, 
such as IV contrast administration policies 
and policies regarding MRI zones) or relat-
ed to their research activities (e.g., testing of 
study subjects). Though testing is common-
place and important, it is worth pointing out 
that tests should generally be one part of the 
overall assessment of learners.

Why Tests Must Be of High Quality
Understanding what makes an effective test 

is important. Test takers want tests that assess 
essential knowledge or skills rather than irrel-
evant knowledge. Examinees want questions 
that match their expectations and are per-
ceived as fair. A well-constructed examina-
tion gives learners confidence in the value and 
meaning of their test results and emphasizes 
the importance of the underlying subject.
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OBJECTIVE. The purposes of this article are to highlight aspects of tests that increase 
or decrease their effectiveness and to provide guidelines for constructing high-quality tests 
in radiology. 

CONCLUSION. Many radiologists help construct tests for a variety of purposes. Only 
well-constructed tests can provide reliable and valuable information about the test taker. 
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The first component of validity is the sub-
ject matter of the test. Specifically, the con-
tent of the test must match the purpose of the 
test [1, 3]. For example, a test on chest radio-
graph interpretation comprising only lung 
nodule cases would not assess a reader’s in-
terpretation of acute lung disease. Such a test 
would therefore have limited predictive val-
ue for image interpretation performance in 
the emergency department.

The level of testing can also fail to match the 
goal of the test. Professionals perform work at 
various levels. In radiology, for example, de-
tecting lesions on images and generating dif-
ferential diagnoses require higher levels of 
performance than does remembering facts. A 
test requiring factual radiologic knowledge re-
call alone would not assess the skills required 
to detect imaging abnormalities and generate 
a differential diagnosis. Various frameworks, 
such as the Bloom taxonomy [4] and the Miller 
pyramid [5], can be used to determine the ap-
propriate level of assessment. In this review, we 
use Miller’s framework because it specifically 
describes different levels for assessing clinical 
competence. The details of this framework are 
discussed later (see Constructing a High-Qual-
ity Test: Seven Steps to Success).

Reliability
Reliability refers to the consistency of 

scores across repeat administrations of a test 
[1]. A reliable test should yield reproducible 
scores, or at least a similar ranking of par-
ticipants. To determine reliability, one often 
does not have the opportunity to administer 
the same test repeatedly. However, break-
ing up a larger test into two or more parts 
with comparable questions and correlating 
the scores can provide information about the 
overall reliability; parts should perform sim-
ilarly if they test the same content.

Reliability generally improves when a test 
contains more questions, analogous to includ-
ing more patients (i.e., a larger n) in research 
studies. Examiners also should realize that 
anything external to the test content that inter-
feres with a test taker’s thinking process may 
decrease the reliability of the answers, such as 

conditions in the examination room and per-
sonal factors like having a headache.

When a test taker scores near the pass-fail 
border, the importance of reliability increas-
es [1]. If a test is unreliable, chance alone can 
alter whether a learner passes or fails. Some 
tests, such as oral tests, are notoriously unre-
liable: graders tend to vary between admin-
istrations, and their assessments can vary 
among one another. Improving reliability 
was one of the goals of the new American 
Board of Radiology qualifying examination 
structure, which replaces oral examinations 
with computer-based tests [6, 7].

Fairness
A fair test treats all subjects equally and 

does not advantage or disadvantage anyone 

on the basis of characteristics that are irrel-
evant for the capabilities being tested [1]. For 
example, if language ability is not being test-
ed, the test should be in a language that has 
been mastered by the participant. For tests 
of medical professionals, however, mastery 
of the language predominantly used by the 
medical community may be part of the test. 
Tests involving medical terminology require 
extra attention, because the use of terminolo-
gy tends to vary among physicians and insti-
tutions and may change over time. For exam-
ple, the term “Wegener granulomatosis” has 
recently been replaced by “granulomatosis 
with polyangiitis.” A fair test should not pe-
nalize the test taker for not knowing the new 
name, unless knowledge of the transition is 
part of the test goal.

TABLE 1: Fundamental Aspects of Test Quality

Quality Aspect What Does It Mean? What Is the Goal?

Validity Whether a test measures what it is intended to measure A test should measure what is intended, tailored to its specific purpose.

Reliability Precision and reproducibility of test scores Test scores should be as consistent as reasonably achievable, especially for 
high-stakes tests.

Fairness Accessibility of testing A test should not advantage or disadvantage anyone on the basis of characteris-
tics that are irrelevant to the tested capabilities.

Does

Shows How

Workplace-based
assessments, e.g., 

DOPS, EPA-focused 
assessments

Simulations, e.g., image interpretation tests
or simulating ultrasound examinations or

interdisciplinary meetings

Knows How

Written exams containing case-based questions, e.g., concerning
proper ordering, interpreting radiology reports

Knows

Written exams containing knowledge-questions, e.g., about imaging techniques,
indications for imaging modalities, imaging characteristics of diseases

Fig. 1—Chart shows testing methods for different levels of radiology tests. DOPS = direct observation of 
procedural skills, EPA = entrustable professional activities.
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Constructing a High-Quality Test: 
Seven Steps to Success

Creating a valid, reliable, and fair exam-
ination requires effort. The following seven 
discrete steps can help direct the process. 
Each step can be increasingly applied as test 
creators become more experienced.

1. Identify the Purpose and Content of the Test
Before deciding what to test, educators 

must decide what must be taught [8, 9]. This 
seems obvious but is often overlooked in ed-
ucation. In medical school, for example, one 
may decide that noninterpretative skills, 
such as proper ordering, are more important 
than interpretative skills [10]. For radiology 
residents, one may want to teach how to de-
tect abnormalities (teaching how to detect is 
often underemphasized) and which diseas-
es each finding can represent. Regardless of 
the field, reflecting on what must be learned 
is essential. What to teach can be informal-
ly determined by the educator or can be for-
mally stated in learning objectives [11]. The 
content of the test should reflect the learn-
ing objectives of the educational activities, or 
part of them, when the test is part of an as-
sessment program with multiple tests.

After what should be taught is decided, the 
test must be matched to the learning objec-
tives. The Miller pyramid is a useful frame-
work for deciding how to assess clinical 
skills [5]. This framework delineates four lev-

els of assessment: knows, knows how, shows 
how, and does (Fig. 1). For the lowest level, 
knows, test questions can be constructed with-
out a specific clinical context. For example, a 
straightforward multiple-choice question can 
ask for the signal characteristics of blood on 
MR images. A context-rich format (e.g., clini-
cal vignette) is needed for the knows how lev-
el, which measures the ability to apply knowl-
edge, such as decision making in ordering 
studies based on certain symptoms. Assess-
ment on the shows how level is best conducted 
with simulation scenarios that approach real-
ity (e.g., interpreting and making reports on 
selected images at a PACS workstation or per-
forming ultrasound on a phantom). If a PACS 
workstation is unavailable, computerized test-
ing with stack images can improve testing of 
image interpretation skills [12, 13]. The high-
est level of assessment, does, requires obser-
vation of the learner in clinical practice (e.g., 
evaluating preliminary image readings by res-
idents on call), in which cases are not prese-
lected and interpretation takes place in a busy 
environment. Many assessment instruments 
are developed for this purpose, including di-
rect observation of procedural skills [14] and 
case-based discussions related to entrustable 
professional activities [15].

The ultimate goal of the test requires sub-
stantial consideration. A test can have many 
different goals [3], such as to graduate stu-
dents, to measure their ability to take care of 

patients, or to provide learners with feedback 
about their progress. The purpose of the test 
should guide both test construction and pass-
fail decisions.

2. Create a Test Blueprint
A test blueprint is a template that details the 

specific content of a test [16]. It is typically de-
signed as a matrix listing the number of ques-
tions per learning objective. Questions can also 
be categorized by content (e.g., radiology mo-
dalities) or level of assessment (e.g., Miller lev-
els). There are many variations of test matrices, 
which can also include question characteristics, 
such as question types, symptoms, and image 
modalities. The purpose of the test blueprint is 
to ensure that the test will cover all topics, ques-
tion types, and modalities intended, preventing 
overrepresentation and underrepresentation. In 
the construction of multiple test versions, a test 
blueprint helps ensure the versions are rough-
ly equivalent. The test blueprint should repre-
sent generally important (e.g., life-threatening 
conditions) and commonly encountered topics 
(e.g., common diseases) more than rare or less 
important conditions [8]. Figure 2 shows a sim-
ple example blueprint.

3. Assemble a Question Bank
Tests are composed of questions. Rather 

than starting by creating each entire test sep-
arately, it is often best to start writing ques-
tions and categorize them with labels based on 
the factors specified in the blueprint. Once the 
question bank is partially populated, specific 
questions can be created to fill gaps. No mat-
ter how well thought out the test purpose and 
test blueprint are, low-quality questions can 
ruin validity and reliability. The following 
steps are a guide to creating a good question.

Choose a response format that fits to the 
test goal—Closed-format (multiple choice) 
questions can compose reliable tests ow-
ing to the ability to have a large number of 
questions and objective scoring [17, 18]. 
Open-ended questions may be easier to con-
struct, but the grading can be time-consum-
ing with detailed answer keys required to en-
sure objectivity [3, 18]. To our knowledge, 
there is no evidence that open-ended ques-
tions test knowledge and skills on a higher 
level than closed-format questions [3, 19]; 
therefore, some authors [3, 18] recommend 
closed-ended questions. Closed-format ques-
tion types include true-false questions, sin-
gle-best-option multiple choice, and multi-
ple-response questions. True-false questions 
mainly test recall of facts (knows level) [20] Fig. 2—Example shows learning objectives and test blueprint.
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and are not easy to write without flaws. Sin-
gle-best-option multiple choice and multiple-
response questions are preferred for testing 
on higher levels [8]. Two advanced question 
types that can be particularly useful in im-
age interpretation testing are hot-spot and 
long-menu questions. A hot-spot question 
involves marking a structure on an image, 
which can test perception of abnormalities 
and recognition of normal anatomy [12, 13]. 
A long-menu question is a variant of a mul-
tiple-choice question that includes long lists 
of answer options [21, 22]. If an examinee 
is required to generate a single diagnosis or 
a short differential diagnosis list, the sheer 
number of possibilities better simulates clini-
cal practice and eliminates guessing.

Avoid question-writing flaws—Flaws can 
threaten reliability and validity. For example, 
a common question flaw is to use negatives 
such as “not” and “except” in the stem or in 
answer options, testing reverse thinking rather 
than knowledge. A flawed question may also 
give clues to the correct answer, as when the 
correct answer is much longer than other op-
tions or when incorrect answer options contain 
absolute terms such as “never” and “always.” 
Teachers trained in item construction make 
fewer errors [23]. If formal training is not 
available, several informative publications on 
question flaws are available for review [8, 24–
26]. Given the extensive resources published 
on question flaws, including in the radiology 
literature, we are not reviewing them in detail.

Select an adequate number of questions 
to reach a reasonable level of reliability—In 
general, approximately 100 well-written mul-
tiple choice items are needed to reach suffi-
cient reliability of high-stakes tests [3]. In-
creasing the number of questions will improve 
reliability as long as the questions test the 
same knowledge and skills. Of course, there 
is a tradeoff with time constraints. Questions 
with images take more time to complete, es-
pecially when stacks of images are used [27].

4. Construct the Test
With a completed question bank and suf-

ficient numbers of questions in each catego-
ry specified in the blueprint, the test can be 
composed. The numbers of questions speci-
fied in the matrix of the blueprint define how 
many questions are to be pulled from each 
category. Multiple versions of a test can be 
created, if desired. Different tests can also 
be created from one question bank provided 
the questions meet the goals of each test con-
structed. For example, the Radiology Exam-
Web question database can be used to create 
a core clerkship test or a test specific to an in-
terventional radiology rotation [28].

5. Administer the Test
Testing conditions should be comfortable 

and reasonable. Noisy environments and un-
comfortable temperatures should be avoid-
ed. Digital tests should be administered on 
fast computers with appropriate resolution 
displays [29]. In general, testing situations 
should not easily allow cheating. In addition 
to providing an appropriate environment, ev-
eryone taking the test should be provided as 
similar an environment as possible, for the 
sake of fairness. Image quality on each com-
puter should be similar between test takers. 
Bringing one’s own device is therefore prob-
lematic for fair image interpretation testing.

6. Score the Test and Interpret the Results
Important topics should contribute more 

substantially to final scores than less impor-
tant topics. It is preferable to accomplish this 
by increasing the number of questions ad-
dressing important topics instead of weighting 
them more, because a larger sample increases 
score reliability [8]. A pass-fail interpretation 
of test results is often used to distinguish pro-
ficiency. A deliberate and accurate determina-
tion of passing score is essential for validity 
[1]. Passing scores can be based on test scores 
of the group (norm-referenced standard) or 

based on a predefined passing score (criteri-
on-referenced standard). The method chosen 
depends on the purpose of the test. For tests 
of proficiency, passing scores relative to the 
group could be considered unfair because a 
proportion of the test takers will always fail 
regardless of absolute proficiency. For the 
purposes of admission into a school or career 
track, defining a proportion of the group to 
pass may be necessary owing to limited avail-
able spots. Different methods of establishing 
a passing score are explained in detail in the 
Association for Medical Education in Europe 
guide number 18 [30].

7. Perform Post Hoc Analysis
Post hoc analysis of the overall test qual-

ity and the value each question adds is im-
portant for quality assurance and test im-
provement. The most basic level of post hoc 
analysis is simply going over the test with 
the takers immediately after the examina-
tion. With an engaged group of test takers, 
a surprisingly large amount of information 
can be gleaned about which questions were 
too easy, too hard, confusing, or esoteric. For 
high-stakes examinations, a test and its ques-
tions should be evaluated in a more systemat-
ic and quantitative way. Specifically, the test 
as a whole can be evaluated, individual ques-
tions can be evaluated, and individual answer 
choices can be evaluated.

The reliability or internal consistency of the 
entire test can be assessed with the Cronbach 
alpha value [31]. This metric is used to eval-
uate the degree to which individual question 
scores correlate with each other. If a group of 
questions are testing the same body of knowl-
edge and skills, test takers should general-
ly score consistently on the questions in that 
group. Calculating Cronbach alpha generally 
requires a statistical software program.

Individual questions can be analyzed as 
to difficulty and discriminative power. Item 
difficulty is relatively intuitive: the more dif-

TABLE 2: Frequently Used Parameters of Test Quality

Parameter What Does It Tell? How Does It Work? Recommendations

Test level

Cronbach α Overall test reliability Measures internal consistency of test High level of consistency between questions is desirable, 
preferably > 0.8 (> 0.9 for high-stakes tests).

Question level

p Difficulty index Shows proportion of students with 
correct answer

Moderately difficult questions are better than very difficult 
or very easy ones so they can contribute to discrimination.

Item-test correlation Discrimination power index Correlates question score variation with 
overall score variation

Highly discriminating questions are desirable, 
 preferably > 0.30; negative values can be caused by flaws.

Answer option level

Item response pattern Answer distribution Shows percentage of students who 
selected each answer option

Each answer choice should be selected occasionally to 
indicate it is a plausible distractor.
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Constructing Examinationsficult a question, the fewer learners will re-
spond correctly. However, a low number of 
correct responses does not necessarily mean 
that the content of the question is difficult. 
Questions may be difficult for a number of 
reasons, including poor or confusing word-
ing, esoteric content, and a bad format. Dis-
crimination is the degree to which learners 
with high overall test scores answer a par-
ticular question correctly and vice versa. Es-
sentially, discriminating those who know the 
content from those who do not is a measure 
of the effectiveness of an item. Question dis-
crimination and question difficulty are relat-
ed because very difficult questions and very 
easy questions tend to be poor discrimina-
tors. If an item is so easy that almost every 
test taker answers it correctly or so difficult 
that almost all answer it incorrectly, then it 
is very difficult to discriminate who actual-
ly knows the content. Statistical measures of 
question difficulty and discrimination that 
can be calculated are listed in Table 2.

Response patterns for individual answer 
options can also be analyzed. For example, if 
an answer choice is not selected by any test 
taker, it is probably not a plausible distractor 
and should be replaced or omitted. Table 2 
lists frequently used parameters for quantita-
tive evaluation for each level. Statistical de-
tails are available in a comprehensive guide 
from the Association for Medical Education 
in Europe [32].

Conclusion
All radiologists take written or electron-

ic tests, and many radiologists are involved 
in test construction. To yield reliable results, 
tests should be of high quality. This article 
summarizes key aspects of test quality and 
provides basic guidelines for constructing an 
efficient and high-quality test.
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