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ABSTRACT

A test blueprint describes the key elements of a test, including the content to be covered, the amount of emphasis allocated
to each content area, and other important features. This article offers practical guidelines for developing test blueprints. We
first discuss the role of learning outcomes and behavioral objectives in test blueprinting, and then describe a four-stage
process for creating test blueprints. The steps include identifying the major knowledge and skill domains (i.e. competencies);
delineating the specific assessment objectives; determining the method of assessment to address those objectives; and
establishing the amount of emphasis to allocate to each knowledge or skill domain. The article refers to and provides exam-
ples of numerous test blueprints for a wide variety of knowledge and skill domains. We conclude by discussing the role of
test blueprinting in test score validation, and by summarizing some of the other ways that test blueprints support instruc-

tion and assessment.

Introduction

Assessment plays a major role in the medical school cur-
riculum by providing a way to monitor student progress
toward the learning outcomes that we expect them to
achieve (Shumway and Harden 2003). To ensure that
assessments are consistent with course objectives and
address truly important learning outcomes in a balanced
manner, it is important that assessments be developed
according to a well thought-out plan. This article describes
a systematic approach to planning tests—an approach that
documents what students should know and be able to
demonstrate on each assessment. These planning docu-
ments are typically called test blueprints, although they
also are known as test plans, tables of specifications, and
test specifications. A test blueprint describes the key prop-
erties of a test. While any test blueprint should specify the
content to be covered, many blueprints also describe prop-
erties such as the amount of emphasis allocated to each
content area, the cognitive demand of the assessment
tasks, the assessment format, and other important features
(Millman and Greene 1989; Raymond 2016).

In the text that follows, we discuss the importance of
learning outcomes in test blueprinting, introduce the notion
of evidence-centered test design, and review two common
taxonomies of learning in medical education. We then pre-
sent a four-step process for developing test blueprints, pro-
viding several examples and key references along the way.
The article concludes with a discussion of the broader con-
tribution of test blueprints to teaching and assessment.

Foundations of a test blueprint

Learning outcomes and claims about
student competence

A test blueprint is a natural extension of the learning out-
comes and course objectives that most instructors already

Practice points

e Test blueprints describe the content to be cov-
ered by a test, along with other important fea-
tures (e.g. emphasis given to each topic; the
assessment format). A test blueprint is also known
as a test plan, table of specifications, or test
specifications.

e Sources of information for test blueprints include
course outlines, lists of learning outcomes and
behavioral objectives, lecture notes, textbooks,
and other curricular materials.

e Developing a test blueprint consists of four
stages: (1) identify the major knowledge and skill
domains; (2) delineate the objectives or learning
outcomes to be assessed within each domain; (3)
determine the assessment formats; and (4) specify
the weight to be given to each content category
(i.e. knowledge and skill domain).

e The category weights of the test blueprint serve
as a sampling plan; they indicate how much con-
tent (e.g. how many test questions) to sample
from each knowledge or skill domain.

e Besides providing a link between instruction and
assessment, test blueprints support medical edu-
cation in other ways such as serving as a study
guide for students, providing the basis for student
feedback; and providing a framework for evaluat-
ing instruction.

have in place. We define learning outcomes as broad state-
ments that describe the knowledge and skills that students
should possess upon completing a course (Harden 2002).
Behavioral objectives (or instructional objectives) are state-
ments that describe in detail what students are expected
to know and be able to do. Learning outcomes indicate
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cardiovascular disease.

Learning Outcome: Recognize indications for and interpret results of diagnostic tests for

Sample Behavioural Objectives

murmurs

rate, axis, intervals, and rhythm

obstructive cardiomyopathy (HOCM)

during cardiac auscultation

1. Compare and contrast characteristics of functional systolic murmurs and pathologic

Recognize three causes of aortic stenosis

Interpret an electrocardiogram for atrial fibrillation by analyzing the elements of

Correctly identify common systolic murmurs on an audio recording

5. Describe the maneuver for differentiating aortic stenosis from hypertrophic
6. Explain to a female patient the use of draping and other steps to protect modesty

7. Place stethoscope in optimal location to listen for aortic stenosis

8. Perform the maneuver to differentiate aortic stenosis from HOCM

Figure 1. Learning outcome and sample behavioral objectives for a unit of instruction on the cardiovascular system.

the knowledge and skills that are expected of students,
while behavioral objectives serve as a road map for getting
there. We use the term assessment objectives to describe
those learning outcomes or behavioral objectives that are
specifically targeted for assessment.

A primary goal of assessment is to allow an instructor to
make a claim or inference about what students know and
are able to do. A test creates the opportunity to obtain evi-
dence to support such claims (Mislevy and Riconscente
2006). To back up the claim that a student has “mastered
the knowledge and skills to diagnose major conditions of
the cardiovascular system”, an instructor needs to identify
assessment tasks to elicit the behaviors of interest, and
then provide the opportunity for the student to demon-
strate those behaviors. Evidence-centered design requires
that faculty choose assessment tasks that provide the evi-
dence to support the claims to be made about student
competence. Such claims and evidence are necessary ele-
ments of Kane's (2016) argument-based approach to test
score validation.

Consider a course that has an overall goal of ensuring
that students can diagnose the most common diseases
affecting each organ system. Figure 1 identifies a learning
outcome and several objectives specific to the cardiovascu-
lar system. The learning outcome, “Recognize indications
for and interpret results of diagnostic tests for cardiovascu-
lar disease” is fairly broad; being able to successfully dem-
onstrate that outcome requires a substantial network of
knowledge and skills. The eight behavioral objectives in
Figure 1 are just a sample of the behaviors required to
demonstrate mastery of that learning outcome. Although
these behavioral objectives are intended to guide instruc-
tion, it is easy to see how they also can inform assessment.
By preceding each objective with a clause like “The student
will be able to..." these statements can be transformed
into assessment objectives that support claims to be made
about students. Although behavioral objectives are tedious
to develop, their specificity can simplify the development
of assessment tasks.

Types and levels of knowledge

While some of the objectives in Figure 1 require cognitive
learning, others involve skill learning. It has long been

recognized that these different types of learning require
different methods of instruction and assessment. A student
can learn the verbal description for mitral valve prolapse,
but still not be able to identify it by sound until actually lis-
tening to the sound paired with the waveform from an
ECG. Miller's (1990) pyramid is one popular framework for
organizing types of learning. As depicted in Figure 2, the
four levels of the pyramid are knows, knows how, shows
how, and does. The base of the pyramid consists of concep-
tual knowledge, while the second level describes the ability
to apply that knowledge in some context to solve a prob-
lem. The third level requires a student to explain how they
would perform a task or to demonstrate that behavior in a
simulated or practice situation, and the fourth refers to per-
formance in routine practice.

The central portion of Figure 2 depicts the original pyra-
mid, while the text on the left lists two sample behavioral
objectives and where they fall in the hierarchy. Referring
back to Figure 1, it can be seen that the first two objec-
tives are at the bottom of the pyramid, while the remain-
ing objectives would be located toward the apex.
Meanwhile, the right portion of Figure 2 indicates the types
of assessments suitable for different levels of the pyramid.
It is evident that evaluating skills higher in the pyramid
requires more clinically authentic assessment tasks. We
return to Figure 2 later to show how the pyramid can help
decide on an assessment format.

Bloom’s (1956) taxonomy is another model that is useful
for assessment. It classifies behaviors into three categories
referred to as the cognitive, affective, and psychomotor
domains (Anderson and Krathwohl 2001). One can see how
the instructional objectives in Figure 1 can be classified
into one or more of these three domains. For example,
objective 7, “Place stethoscope in optimal location to listen
for aortic stenosis”, requires deciding where to place the
stethoscope (cognitive), explaining its placement to the
patient and asking permission (affective), and then posi-
tioning the stethoscope (psychomotor).

The cognitive domain has received the most attention
in teaching and assessment. It consists of six levels: know-
ledge, comprehension, application, analysis, synthesis, and
evaluation, with each level requiring a greater cognitive
investment than the one preceding it. The level of a behav-
ioral objective has implications for assessment. For
example, while multiple-choice questions (MCQs) are



The Pyramid

Sample Objectives

Perform the maneuver to
differentiate aortic stenosis >
from HOCM

SHOWS HOW
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Method of Assessment

Workplace-based assessments
(case logs, observation, 360
feedback, etc.)

Clinical simulations (OSCEs,
orals, chart-stimulated recall, etc.)

Describe the maneuver to
differentiate aortic stenosis —

KNOWS HOW

\

Written assessments (MCQ,

from HOCM
KNOWS

situation judgment test, essay,
written simulations, etc.)

Figure 2. Miller's pyramid with sample behavioral objectives and suitable methods of assessment.

effective for assessing knowledge and comprehension, they
have limited utility for assessing synthesis and evaluation,
and are ineffective for assessing many skills in the psycho-
motor and affective domains.

Although the scientific merit of Bloom’'s taxonomy and
Miller's pyramid has been called into question over the
years (Cizek et al. 1995; Al-Eraky and Marei 2016), these
frameworks have endured because of their practical utility.
Their use promotes skill acquisition beyond the memoriza-
tion of simple facts. While such frameworks should not be
taken too literally, they remind us that learning can be
shallow or deep, and that it can reside in our heads or in
the actions we take. In short, they encourage the develop-
ment of tests that assess the higher-order thinking skills
and clinical competencies that are important to profes-
sional practice.

Four stages to an effective test blueprint

Figure 3 and the text below describe four stages for devel-
oping a test blueprint. Although an effective blueprint will
touch on all four stages at one point or another, consider
the stages that follow as a general guide to assessment
planning, not as a formal protocol that requires execution
in strict sequential order.

Identify the major knowledge and skill domains

This first stage involves identifying the broad competency
domains to be assessed. They should correspond to the
high-level claims to be made about student behaviors. One
way to approach this task is to ask, “If | were to partition
my course into a few to several units, what would the
labels be?” If the intent is to make claims about students’
knowledge of immunology, then the framework should
include major content categories that define the domain of
immunology. If the intent is to make claims about a stu-
dent’s ability to interact with patients, then the framework
will include major types of communication skills. Such
documentation can be found in course outlines, learning
outcomes, lecture notes, textbooks, and other instructional
materials. In addition, curriculum surveys and job analysis
reports have identified the skills that are important for cur-
riculum design and assessment in medical education
(Boulet et al. 2003; Patterson et al. 2008; Raymond et al.

2011; Gaffas et al. 2012; Zhao et al. 2012; Angus et al.
2014; Touchie and Streefkerk 2014; Baker et al. 2017).

Test blueprints typically are cast in the form of an
organized list, outline, or table. A test blueprint’s organiza-
tional framework is important because the categories often
parallel the claims to be made and the feedback provided
to students. As described next, test blueprints can be
organized according to the content to be tested or around
the behavioral processes required of the assessment tasks
(Millman and Greene 1989; Raymond 2016).

Content-oriented blueprints describe tests in terms of
the topics or subject matter covered. They usually slice up
the test material according to traditional academic disci-
plines. For example, a comprehensive test covering a pre-
clinical year of medical school might include categories
such as physiology, pharmacology, biostatistics, and so on.
At a more specific level, a test for a course in biostatistics
would include categories such as descriptive statistics, mul-
tiple regression, and related topics. Note that blueprints for
problem-based curricula take on a slightly different struc-
ture; they are best organized according to the types of
cases encountered, based on the diagnosis or presenting
complaint of each case (Boulet et al. 2003).

Process-oriented test blueprints delineate the procedural
skills students are expected to demonstrate. Many process-
oriented test blueprints include skills from the cognitive
domain of Bloom’s taxonomy. An instructor might use
Bloom’s taxonomy to document that 40% of a test requires
comprehension; 40% requires application of knowledge to
solve clinical problems; and 20% requires analysis of an
experiment. Miller's pyramid can be used in a similar way
to decide, for example, that 70% of a statistics test will
include tasks at the knows and knows how levels, while
30% will require students to show how. Process-oriented
frameworks are particularly useful for clinical training where
the emphasis is on procedural skills and the affective
domain. Two process models with particular relevance to
medical education are the CanMEDS framework (Frank
et al. 2015) and the ACGME competencies (Batalden et al.
2002); different parts of these frameworks can be very use-
ful for developing classroom assessments.

The preceding text suggests that test blueprints are
either content-oriented or process-oriented outlines. In fact,
many blueprints integrate these two dimensions into a sin-
gle framework called the content-by-process matrix. The
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Blueprinting Stage

Key Activities and Questions to Answer

1. ldentify major
knowledge and
skill domains .

matrix?

Scan relevant instructional materials (e.g. course syllabi, textbooks) to
determine high-level knowledge and skill domains to cover.

Decide on framework for organizing test content. Is it a traditional
content outline? A list of procedural skills? A content-by-process

2. Delineate the

Within each major knowledge and skill domain, document the specific

category weights

assessment learning outcomes and behaviours to be assessed.
objectives o Determine the level of specificity desired.
o Assessment objectives can take different forms:
o list of behavioural objectives;
o outline of topics;
o content-by-process matrix;
o list of competency or skill domains;
o list of medical conditions or cases.
3. Decide on the e Given the knowledge and skills to be assessed, what method(s) of
assessment assessment are optimal?
format e Practical considerations include:
o location of the assessment objective within Bloom’s Taxonomy
and Miller’'s Pyramid;
o reliability of scores produced by a method;
o validity of the score interpretations (e.g. can an MCQ assess
communication skills?);
o practical constraints (e.g. testing time, budget, logistics).

e Whatis the curricular context? To what extent are these assessment
objectives measured at other points in the curriculum, and by what
methods?

4. Specify the o Determine how many assessment tasks (e.g. MCQs, essay

questions, cases) students can complete in the allotted time.

e Weight each major category or domain in the test blueprint according
to its overall importance.

o Verify that there are sufficient number of assessment tasks to support
the claims you wish to make:

o confirm weights with colleagues or advanced students;

o if subscores are reported, check that categories have sufficient
number of assessment tasks to support the intended inferences.

Figure 3. Summary of key activities for developing test blueprints. See text for details.

past two decades have witnessed the widespread adoption
of problem-based curricula or integrated curricula (Brauer
and Ferguson 2015). A content-by-process matrix dovetails
nicely with either of these approaches to curriculum
design. Figure 4 presents a blueprint where the rows of
the matrix identify patient conditions, while the columns
list major immunology concepts. The check marks make
explicit what condition-concept pairings will be covered on
the assessment. The numerals in the bottom row and last
column indicate the number of test items for each topic
and for each patient condition. A content-by-process matrix
like that in Figure 4 offers considerable flexibility for test
design and can be used across the curriculum. A common
variation of this design is to replace either the rows or col-
umns with the cognitive levels from Bloom’s taxonomy
(e.g. knowledge, application, analysis).

Delineate the assessment objectives

The outcome of the previous stage is a list of the major
content and/or process categories; this second stage intro-
duces detail to the documentation. Test blueprints should
describe what is expected of students by listing specific,
low-inference behaviors (Mookherjee et al. 2013). Low-infer-
ence behaviors are sufficiently observable to objectively
determine whether the student demonstrated the

behaviors of interest. Sometimes the required detail will
already exist as part of the course objectives. A blueprint
for clinical skills assessment developed by Mookherjee
et al. (2013) relied on milestones from the medical school’s
existing clinical skills curriculum. They produced their blue-
print by mapping each milestone to the appropriate cat-
egory in the ACGME competency framework. The CanMEDS
professional roles also can be used as the basis for class-
room test blueprints, as can the entrustable professional
activities (EPAs) developed by medical schools and spe-
cialty societies. Some certifying agencies also publish test
blueprints that contain detailed objectives which can be
adapted for local assessment purposes (Gaffas et al. 2012).
If detailed documents such as milestones and learning
outcomes are not readily available, then it may be neces-
sary to write the assessment objectives. Well-written assess-
ment objectives are similar to the behavioral objectives in
Figure 1. They specify the content to be mastered and the
type of knowledge or skill that the student is expected to
demonstrate. Another approach is to rely on a matrix blue-
print to specify the assessment objectives. Figure 5
presents the skeleton of a content-by-process blueprint for
a clerkship exam on cardiovascular medicine. The rows
indicate the content to be mastered, while the columns
indicate the skills. The cells of the matrix represent the
integration of the two, and each cell can be interpreted as



MEDICAL TEACHER . 5

Secondary Framework: Immunology Topic
2
> = §
:QC_.) aEJ g ° 3 .5 3 2 2]
. 28| ,2 § |5 |8 | §2| 5
Primary 0@ | 20 —>|9>|5e c _QQE =
Framework: 52 1< SE|CE | a5 | a Eo 2 3
S2 |22 |2 |s2(83 )¢ (252 &
Patient Condition | 2 2 > @ | ® [
BE|FE |£E|SE |Te|F |aS3E *
x-linked . ) v v 9
agammaglobulinemia
adenosine
deaminase v v v 3
deficiency
DiGeorge syndrome v v 2
acqujred immune v v 2
deficiency syndrome
Chediak-Higashi v 1
syndrome
leukocyte adhesion v 1
deficiency
aqute.cellular v 1
rejection
asthma v 1
Goodpasture’s v v 2
syndrome
post-infectious v 1
glomerulonephritis
poison ivy v 1
asplenia v v v 3
hergditary v v 2
angioedema
con_wplement c8 v v 2
deficiency
systemic lupus v 1
erythematosus
# Questions 7 5 3 2 4 1 3 25
Figure 4. Sample problem-based blueprint for a test in immunology illustrating a variation on the content-by-process matrix.
Competency Domain
Medical Knowledge Patient Care Communication
Patient Other Basic Data Medical Surgical Skills # Test
Condition AP&P  science | Gathering Diagnosis  Mgmt Mgmt ltems
Routine office visit 2-4 1-3 3-5 2-4 0 0 2-4 14-16
Cardiomyopathies 9-11
dilated
hypertrophic
arrhythmogenic

Cell values sometimes specify the number of test items.
Conduction disorders C.8 Cc.8 Alternatively, the cells can:

c \ o Be left blank (ie, the number of items are specified
ongen only in the bottom row and last column).
Heart Failur ¢ Specify the assessment format (MCQ, essay, OSCE).

* Refer to specific assessment objectives contained in
another document. An objective can link to multiple

Ischemic Heart Disea It is desirable to list specific cells as with objective C.8:

. conditions under each category, Explain the normal sequence in the depolarization
Vascular Disease as done with Cardiomyopathies . and repolarization of the heart and identify their

. representation on an ECG lead.
Valvular Disease
Other Conditions 3-6
# Test Items 9-11 9-11 14-16 23-27 18-22 4-6 15 100

Figure 5. Content-by-process matrix for a test on the cardiovascular system. The content dimension consists of classes of cardiovascular conditions, while the
process dimension refers to a subset of ACGME competencies.
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an  assessment dilated
cardiomyopathies).

Figure 5 includes other features worthy of comment.
First, note the level of detail under cardiomyopathies.
Ideally, each class of cardiac disorders would include spe-
cific conditions as appropriate. Second, the values in the
right column and the bottom row indicate the number of
questions allocated to each category. Having a range of
questions provides some flexibility when implementing the
blueprint. Third, this particular example specifies the num-
ber of test items for each cell of the matrix, which is quite
common. However, as the Figure indicates, the cells can be
used in other ways as well (e.g. linked to course objec-
tives). Finally, the level of granularity is important to con-
sider. Too much detail and one can spend hours
developing the test blueprint, with the benefit that it will
be easier to produce assessment tasks and to assemble a
balanced test. Too little detail and the test may be
unfocused, and students will not know what to expect.
Most authors lean toward greater specificity in test blue-
prints (e.g. Coderre et al. 2009; Fives and DiDonato-Barnes
2013; Mookherjee et al. 2013).

objective (e.g. diagnose

Decide on the assessment format

Choosing an assessment format is a matter of matching
the method of assessment with the claims to be made
about what students know and can do. Assessment meth-
ods fall into three general classes: written assessments, sim-
ulations, and workplace-based assessment. Several articles
and reference books summarize the benefits and limita-
tions of over a dozen assessment formats (e.g. Shumway
and Harden 2003; Schuwirth and van der Vleuten 2004;
Epstein 2007; Downing and Yudkowsky 2009; Lane et al.
2016). The choice of an assessment format will be influ-
enced by validity and reliability concerns, by resources and
logistics, and by the context of any particular assessment
relative to other assessment opportunities.

Validity is certainly an important factor to consider
when deciding on a format. The two types of validity evi-
dence most relevant to the development of test blueprints
are content validity and response process (Tavakol and
Dennick 2017). It is widely recognized that a test blueprint
serves as a primary source of content-related evidence
(Kane 2016; Raymond 2016). This is because a thoughtfully
developed test blueprint can help ensure that the assess-
ment aligns with content covered during instruction (Notar
et al. 2004; McLaughlin et al. 2005; Fives and DiDonato-
Barnes 2013). Response process validity refers to the extent
to which the cognitive, psychomotor, and affective proc-
esses elicited by the assessment tasks are similar to the
processes implied by the claims to be made about student
behaviors. For example, an MCQ could support the claim
that “the student is able to interpret physical examination
and chest X-ray to determine the need for thoracentesis”.
However, it would take a very clever MCQ to support the
claim that a student can actually perform thoracentesis.
This latter objective would require a format involving direct
observation of the student interacting with a real or simu-
lated patient. Miller's pyramid can be very useful at this
stage for matching an assessment format to the behaviors
of interest (Figure 2). Reliability also will influence the

choice of an assessment format, with MCQs generally pro-
ducing more reliable scores than simulations or workplace-
based assessments. Cost, logistics, and other practical con-
straints will most certainly influence the choice of an
assessment format. Multi-station simulations may enhance
validity but may exceed a medical school’s capacity in
terms of staff support or physical space.

Without question, the assessment landscape in medical
education has evolved over the past few decades. Clinical
simulations and workplace-based assessments are becom-
ing more common, while written assessments are being
limited to those domains for which they are most effective.
Although it is common to associate test blueprints with
written tests, they also have a role in simulations and work-
place-based assessments. Indeed, test blueprints can be
even more important for clerkships and residencies where
the curriculum is dependent on the idiosyncrasies of the
clinical setting. In such instances, test blueprints can help
document the curriculum. Excellent examples of clerkship
blueprints can be found elsewhere (McLaughlin et al. 2005;
Coderre et al. 2009; Mookherjee et al. 2013).

Structured clinical simulations, such as OSCEs, afford
greater opportunity than workplace-based assessments to
control test content. To ensure that OSCEs are relevant and
remain balanced across different student cohorts, test blue-
prints should specify those case characteristics most likely
to affect student performance. In theory, an OSCE blueprint
could consist of multiple factors, such as patient age, gen-
der, medical condition, and type of patient management;
this would produce hundreds of cells in a multidimensional
matrix. In practice, a simple table may suffice. Figure 6 illus-
trates a blueprint for an OSCE. This blueprint describes the
cases and physician tasks for a single test form. To general-
ize to additional test forms, it would be desirable to docu-
ment additional content constraints for each column. For
example, the constraints for patient age could indicate that
each OSCE includes one infant, one adolescent, and three
adults, while the constraints for respiratory cases might
specify that the OSCE be limited to asthma, bronchitis,
or pneumonia.

Specify the category weights

Testing time is limited. As a practical matter, it is necessary
to allocate time and space to the different assessment
objectives through the use of content weights or category
weights. For written assessments, the weights correspond
to the number or percent of test items for each category.
For simulations and workplace assessments, the weights
more likely translate to the amount of testing time. One
challenge when assigning category weights is that the
number of assessment objectives usually outweighs the
available testing time. The domain sampling model speaks
to this challenge; it is based on the principle that any test
represents a sample of behaviors from the larger know-
ledge and skill domains of interest (Tavakol and Dennick
2017). The test blueprint is the primary tool for executing
that sampling plan by indicating how much content to
sample from each domain.

Category weights reflect the importance of the topics
within a domain (Millman and Greene 1989). Importance
might correspond to the instructional time devoted to a
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Age, Clinical Organ Clinical Underlying Physician
Case Years Gender Context System Presentation Condition Task*
1 5 M acute — telephone respiratory cough, fever bronchitis 1,3,4,6
2 17 F,F nonurgent — clinic  women’s health  mother; sexually  information; 1,2,5
/behavioral active daughter counseling
3 35 F acute — ED gastrointestinal abdominal pain cholecystitis 1,2, 3,6
4 45 M chronic — clinic musculoskeletal  lower back pain herniated 2,3,4
disk
5 60 M acute — hospital cardiovascular chest pain; myocardial 1,2,3,6
shortness, breath infarction
6 75 F chronic — clinic behavioral/ cognitive dementia 1,2,3,5
neurologic impairment

*Note: The physician task codes are: 1=history; 2=physical examination; 3=interpretation; differential diagnosis; 4=medical

management; 5=counseling; 6=referral/admissions.

Figure 6. Condensed blueprint for a specific test form of an objective structured clinical examination (OSCE). To be useful for assembling alternate test forms,
the blueprint would be supplemented by background documents specifying constraints for each column (e.g. proportion of male versus female cases, allow-

able conditions).

topic; how often it is applied in practice; or the criticality of
a topic for subsequent learning. Category weights can be
derived from national data reporting the incidence of vari-
ous medical conditions and procedures (Boulet et al. 2003;
Baker et al. 2017). Alternatively, one can survey colleagues
such as faculty, residents, or students to determine topic
importance. For example, some studies have empirically
defined importance as a joint function of case frequency
and its urgency or clinical impact, and relied on colleagues

to provide judgments of frequency and impact
(McLaughlin et al. 2005; Coderre at al. 2009; Patil
et al. 2015).

Although these rigorous empirical approaches to deriv-
ing weights are admirable, less demanding methods also
are suitable for classroom tests. Two effective strategies are
the top-down and the bottom-up methods (Raymond
2016), both of which can be applied by a single instructor,
or by including colleagues and advanced medical students.
The top-down method involves the assignment of percen-
tages to each major category in the blueprint such that the
percentages sum to 100%. Weights can be obtained in a
similar fashion for subcategories, if desirable. The bottom-
up method requires specifying numbers of items, rather
than percentages; and that numbers first be assigned at a
lower level of the test blueprint (e.g. at the subcategory or
specific objective). One challenge with the bottom-up
approach is that the total number of items may exceed the
maximum feasible test length; consequently, some adjust-
ment to the initial weights is often necessary.

Summary and concluding comments

A test blueprint articulates the knowledge and skill
domains to be covered by a test. It also describes other
features, such as the emphasis allocated to each content
category; the demands of the assessment tasks in terms of
cognitive, affective and psychomotor processes; and the
assessment format. There is no best way to construct a test
blueprint. They vary in terms of content, organization, for-
mat, and granularity; and they can be adapted to meet
various assessment needs.

Test blueprints assure that the content of a test aligns
with the curriculum (Notar et al. 2004); this is a critical aspect
of validity (Tavakol and Dennick 2017). Test blueprints

support content validation in other ways, by helping to
ensure that scores on a specific test generalize to the larger
domain of interest (Kane 2016). Test blueprints also provide
a framework for evaluating the validity of response proc-
esses. For example, performing a thoracentesis is a proced-
ural skill that is located toward the apex of Miller's pyramid
and falls into the psychomotor domain of Bloom’s taxonomy.
An assessment that requires a student to respond to an MCQ
probably will not support the claim that the student is com-
petent at thoracentesis because MCQs do not elicit
responses that require psychomotor processes. Well-devel-
oped test blueprints make explicit the student processes tar-
geted by an assessment, and those targeted processes will
inevitably point away from some assessment formats while
pointing toward others.

Test blueprints have many practical uses beyond their
service to validity, including the following:

e They indicate what instructors value and expect of their
students, and can be used as a study guide. Although
there are pros and cons to sharing blueprint with stu-
dents, studies support this practice (McLaughlin et al.
2005; Patil et al. 2015).

e The content categories and competency domains
included on test blueprints provide the basis for feed-
back to students.

e They facilitate the development of assessment-related
materials. For example, it is straightforward to transform
a test blueprint into scoring rubrics and feedback
reports for simulations and workplace-based assess-
ments (Mookherjee et al. 2013).

e Test blueprints are essential for organizing departmental
item-writing and review efforts because they succinctly
communicate item-writing assignments.

e They provide metadata for managing test materials.
Once test items have been coded according to a test
blueprint, it is straightforward to retrieve them from a
larger pool of items and to assemble them into test
forms for different purposes.

e Test blueprints contribute to educational quality
improvement. The categories used for student feedback
also provide faculty with measures of instructional effect-
iveness. Test blueprints clarify the connections between
planning, instruction, and assessment, which can inspire
faculty self-reflection (McLaughlin et al. 2005).
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Instruction and assessment have evolved to the point
that medical educators now wish to make claims about
student competence that extend far beyond the reach of
MCQs and the domain of medical knowledge; it is there-
fore vital to employ assessment methods capable of elicit-
ing the behaviors specified by these new claims. Deciding
what to assess and how depends not only on what is
important for a particular course, but also on how that
course and other assessments fit into the entire curriculum
(van der Vleuten and Schuwirth 2005). By documenting the
knowledge and skills addressed by each assessment, test
blueprints also serve as a tool to facilitate sound curriculum
design.
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