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Objective. To incorporate Bloom’s taxonomy into multiple-choice examination questions in a phar-
macotherapeutics course and assess its effectiveness in detecting areas of improvement in learning.
Design. Bloom’s taxonomy was incorporated into examination questions through a multi-step process:
Sample questions representing each learning domain within Bloom’s taxonomy (knowledge, comprehen-
sion, application, analysis, synthesis, and evaluation) were introduced to students during lecture presenta-
tions and discussions. Quiz and examination containing questions categorized according to Bloom’s
taxonomy were administered to students. During review sessions following each quiz or examination, the
categorization of each question was provided to students and feedback from students was gathered.
Assessment. The effect of the 5 types of test questions on the correct response fraction and discrimination
index was determined after combining synthesis and evaluation. Correct response fractions for knowl-
edge, comprehension, and application questions were significantly higher than those for analysis and
synthesis/evaluation questions (p,0.05). However, discrimination index for application and synthesis/
evaluation questions were significantly higher than those for knowledge and comprehension questions
(p,0.05). In interviews with students who had requested learning assistance, the majority realized the
importance of critical-thinking skills in the learning process.
Conclusion. Well-designed multiple-choice questions incorporating different learning domains of
Bloom’s taxonomy may be a potential method of assessing critical-thinking skills in large classes of
students.
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INTRODUCTION
Accreditation standards and guidelines for the doc-

tor of pharmacy degree program support the develop-
ment of critical thinking throughout the curriculum.1

The American Psychological Association Delphi Report
defines critical thinking as “purposeful, self-regulatory
judgment which results in interpretation, analysis, eval-
uation, and inference, as well as explanation of the evi-
dential, conceptual, methodological, criteriological, or
contextual considerations upon that which judgment is
based.”2

Several pharmacy educators have measured critical-
thinking skills of pharmacy students with standardized

instruments such as the California Critical Thinking Skills
Test (CCTST)3-5 and the California Critical Thinking
Skills Test Disposition Index (CCTDI).3,4 Although
Philips and colleagues4 reported improvement in CCTST
and CCTDI scores throughout student academic progres-
sion in pharmacy school, Cisneros3 concluded that phar-
macy students did not improve their critical-thinking skills
during their pharmacy education.However, thesemeasures
of critical thinking were designed for students pursuing/
receiving a general college education and are not specific
for health science education. The apparent lack of student
improvement may be partially attributable to the lack of
sensitivity in the CCTST and CCTDI for detecting critical-
thinking skills associated with pharmacy education. An-
other potential weakness of these tests is that they solely
measure critical-thinking skills and do not train students to
apply their therapeutic knowledge.

An innovative method was needed to test critical-
thinking skills specific to students’ pharmacotherapeutics

Corresponding Author: Myo-Kyoung Kim, PharmD,
Department of Pharmacy Practice, Thomas J. Long School of
Pharmacy, University of the Pacific, 3601 Pacific Avenue,
Stockton, CA 95211. Tel: 209-946-3145. E-mail:
mkim@pacific.edu

American Journal of Pharmaceutical Education 2012; 76 (6) Article 114.

1

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

2 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

http://www.ajpe.org


knowledge. In addition, this method needed to be linked
to examinations and the final course grade in such a man-
ner that it would influence both the materials and the
methods by which students study.

Thus, we used Bloom’s taxonomy6 to incorporate
critical-thinking skills into multiple-choice examinations
with questions designed to span the full range of Bloom’s
taxonomy categories. Bloom’s taxonomy was suggested
by Benjamin Bloom who was dedicated to the study of
educational objectives and intellectual behaviors impor-
tant in pedagogy. He proposed a taxonomy of educational
objectives to facilitate communication in order to pre-
cisely define and classify vaguely defined terms such as
“thinking” and “problem solving.” Although Bloom’s tax-
onomy identifies 3 domains of learning (cognitive, affec-
tive, and psychomotor domain), the cognitive domain is
the primary focus of classroom education. As shown in
Figure 1, the cognitive domain is hierarchically classified
as knowledge, comprehension, application, analysis, syn-
thesis, and evaluation.6

Including essay questions in an examination may be
an idealway to evaluate upper hierarchical cognitive levels
of Bloom’s taxonomy that require critical-thinking skills
based on knowledge taught in the classroom. However,
such examinations can be time and labor intensive when
administered in a large class setting and, therefore, may
result in delayed feedback to students. Additionally, when
multiple graders are involved, there is the potential for
inter-rater variability.

The University of the Pacific School of Pharmacy
admits approximately 200 students each year. Because
themajority of graduate student assistants at theUniversity
of the Pacific do not have complete therapeutics knowl-
edge, they cannot assist faculty members with grading
essay examinations of pharmacotherapy courses. Thus,

grading such an examination would be a tremendous
burden on faculty members attempting to evaluate the
upper hierarchical cognition associated with the critical-
thinking skills of a class of 200 students.

This article: (1) introduces a methods for incorporat-
ing Bloom’s taxonomy6 and concept maps into examina-
tionquestions in theGeneral PharmaceuticalCare II course
(2) shows the quantitative assessment of the correct re-
sponse fraction and discrimination index of test questions
classified by Bloom’s taxonomy, and (3) briefly describes
students’ feedback on the incorporation of Bloom’s taxon-
omy into examinations during the course.

DESIGN
In this study we applied the principles of Bloom’s

taxonomy to multiple-choice examination questions. The
examinations were used to directly determine students’
course letter grades for a required therapeutics course,
General Pharmaceutical Care II, from 2006 through 2010.
The required course is 5 credit units and taught in the
sixth semester (14 weeks in a semester) of the 3-year
accelerated pharmacy program offered at the University
of the Pacific (6 semesters [2 years] of classroom lecture
courses, followed by1 year of advancedpharmacy practice
experiences). The sixth semester is the last semester that
students spend on campus prior to their advanced phar-
macy practice experiential training. The topics covered
in the therapeutics course include: oncology, hematology,
transplantation, supportive cares, as well as women’s and
men’s health.

Incorporation of Bloom’s Taxonomy in the Context
of Therapeutics

The cognitive domain of Bloom’s taxonomy has been
well-explained andwidely cited inmanyarticles7-11 aswell
as in Bloom’s original handbook.6 However, it was neces-
sary to clarify the definition of each cognitive domain of
Bloom’s taxonomy in the context of pharmacotherapeutics
test questions for adoption into a required pharmacother-
apeutics course. These clarifications helped differentiate
test questions into the various Bloom’s taxonomy classifi-
cation types.

As shown in Figure 1, knowledge is the lowest level
in the cognitive hierarchy. It refers to acquisition, recogni-
tion, or recall of therapeutic knowledge and information.
Examples of keywords used to classify these test ques-
tions were: define, describe, list, recall, and select. Al-
though keywords were not found in the test questions,
the context of each question was evaluated to classify tax-
onomy. In the next level in the hierarchical order, Bloom6

suggested 3 types of comprehension: translation, interpre-
tation, and extrapolation. In the context of therapeutics,

Figure 1. Cognitive Domain of Bloom’s Taxonomy6 in
Pharmacotherapy
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students who comprehend therapeutic knowledge should
be able to take the given information and process it into
their own language and interpret a given patient case. Ex-
amples of keywordswere: interpret, estimate, andpredict. 6

Application requires administering a concept in a
new situation or use of abstraction to solve problems.6 In
a therapeutics context, it is simply interpreted as applying
a concept into a patient case as Bloom suggested to pres-
ent a fictional situation to accomplish the application
objectives. Examples of keywords were: apply, modify,
prepare, and solve. Analysis refers to the ability to “break
down the materials into its constituent parts and detect
the relationships of the parts and of the way they are orga-
nized.”6 Examples of keywords were analyze, differenti-
ate, and separate.As shown inAppendix 1,multiple factors
are involved in solving analysis-type problems, as is also
true with synthesis and evaluation-type problems. In most
practice settings, multiple factors including disease states,
drugs, and surgical or radiation procedures are considered
to adequately manage patients. An example of an analysis
questions (question A) is presented in Appendix 1. As
shown in the 3 columns of the concept map for question
A in Appendix 1, multiple factors should be considered
when deriving the correct answer for question A through
the hierarchical thinking process. The clinical manifes-
tations of a patient may be caused by the disease itself
(ie, acute promyelocytic leukemia, APML), pathological
changes caused by treatment (ie, tumor lysis syndrome,
TLS), and/or adverse drug reactions (ie, pulmonary infil-
trates). Students should be able to analyze these multiple
aspects of clinical manifestations. After students recall the
3 factors mentioned above, hierarchical thinking processes
are required as shown in the 4 rows of the concept map,
starting with knowledge as the bottom row and analysis
as the top row.

Synthesis refers to the ability to put parts together to
form a whole, with emphasis on creating a new meaning
or structure.6 Examples of keywords were create, design,
and plan. Synthesis skills in a therapeutics context could
be interpreted as applying “multiple factors” to a patient
case. An example of a synthesis question (question B) is
presented in Appendix. As shown in the 3 columns of the
knowledge row of the concept map for question B in
Appendix 1, students are required to possess knowledge
about pain management, anemia management, and neu-
tropenia management as a foundational step. In the next
steps (shown in the comprehension and application rows),
students need to comprehend the concepts to enable them
to apply each concept to the patient case. Then, they
should be able to break down given information and iden-
tify multiple problems or issues (shown in the analysis
row). Finally, they are required to suggest a therapeutic

plan to solve the problems identified (shown in the syn-
thesis row).

Evaluation refers to making judgments about the
value of ideas, works, and/or solutions.6 Examples of key-
words were assess, judge, and explain. Evaluation skills in
a therapeutics context could be interpreted to evaluate cur-
rent therapy or therapy plan, which was synthesized based
on multiple factors. An example of an evaluation question
(question C) and the related concept map are presented
in Appendix 1.

Procedures Used to Incorporate Bloom’s Taxonomy
into the Pharmaceutical Course

A stepwise approach was used to introduce Bloom’s
taxonomy6 to students and integrate it into the course.
Bloom’s taxonomy and sample practice questions with
written explanations were introduced to students during
lecture presentations and discussions. Additionally, fre-
quent quizzes were administered throughout the semester
to enhance students’ learning and help them prepare for
the midterm and final examinations. The adoption of
multiple-choice questions into quizzes allowed more
immediate feedback on students’ test performance than
if open-essay examination questions had been used. Stu-
dents’ examination results were easily exported to educa-
tional Web-based sites, such as Blackboard (Blackboard
incorporation, Washington, DC) or rSmart Sakai CLE
(Sakai Foundation, Ann Arbor, MI).

Examination questions were written with explana-
tions and categorization according to Bloom’s taxonomy.
When writing the examination questions, concept map-
ping (Appendix 1) was used to classify each test question
into the appropriate Bloom’s taxonomy.Non-faculty phar-
macists were asked to peer review the questions to con-
firm categorization according to Bloom’s taxonomy.
Summary descriptions and examples of Bloom’s taxon-
omy were abstracted from the handbook Taxonomy of
EducationalObjectives andprovided to the peer reviewers.
In instances of disagreement, test writers and peer re-
viewers discussed the question to determine the proper
classification. Examinations were then administered to
students without knowing in which category of Bloom’s
taxonomy the questions were classified. An answer key
with written explanations and categorization of questions
was provided to students during examination review ses-
sions. These sessions were held during office hours and a
formal review session (outside regular class and discussion
sessions). The course coordinator further explained ques-
tions about Bloom’s classification upon request. These
review sessions enabled students to self-evaluate their per-
formance based on Bloom’s taxonomy. In the final step,
brief interviews with students were conducted to obtain
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feedback regarding the testing method and categoriza-
tion of questions.

EVALUATION AND ASSESSMENT
Assessment of Test Questions Classified by Bloom’s
Taxonomy

Six hundred thirty-eight questions were compiled
from midterm and final examinations for 5 years, from
2006 to 2010. The questions were classified by pre-
assigned Bloom’s taxonomy types. To assess difficulty
level and discriminating level, a correct response fraction
and a discrimination index (point-biserial correlation
coefficient) for each test question were determined by
using LXR TEST 6.0 (Logic eXtension Resources,
Georgetown, South Carolina) and Scantron (Scantron
Corporation, Eagan, MN). The correct response fraction
is the fraction of students who answered the question cor-
rectly out of the total students who answered the question.
The discrimination index is a point-biserial correlation
comparing performance on an item to total test perfor-
mance. The formula to calculate the discrimination index
is r5(Mp-Mq)*(p*q)0.5 *S�1, where r 5 the discrimina-
tion index (point-biserial correlation coefficient); Mp 5
the test mean for those students who got the item right;
Mq 5 the test mean for those students who got the item
wrong, S5 the standard deviation for the test scores, p5
the fraction of students who got the item right, and q5 the
fraction of students who got the item wrong. Values can
range from11 to -1. A high discrimination index indicates
that high-performing students correctly answered the ques-
tion, and/or that low-performing students incorrectly an-
swered. Similarly, a low or negative discrimination index
indicates that high-performing students incorrectly an-
swered a question, and/or that low-performing students
correctly answered a question. Thus, it may suggest a
flawed question or low ability to discern high-performing
from low-performing students.12 Correct response frac-
tions anddiscrimination indexes formultiple-choice exam-
inations are easily gained by using LXR TEST 6.0 and

Scantron, compared to essay examinations which are
usually manually graded. Thus, correct response fraction
and a discrimination index computed through LXR TEST
6.0 and Scantron, may increase utility of multiple-choice
examinations. After combining questions classified as syn-
thesis types and evaluation types, a one-way multivariate
analysis of variance (MANOVA) was conducted to deter-
mine the effect of the 5 types (knowledge, comprehension,
application, analysis, and synthesis/evaluation) of test
questions on the correct response fraction and discrimi-
nation index. Using the Bonferroni method, analyses
of variance (ANOVA) on the dependent variables were
conducted as follow-up tests to the MANOVA. PASW
statistics, version18 (SPSS Inc. Chicago, IL) was used
for statistical analysis.

Table 2 contains the mean and standard deviation
on the 2 dependent variables (correct response fraction
and discrimination index) for the 5 types of test ques-
tions (knowledge, comprehension, application, analysis,
and synthesis/evaluation). A one-way MANOVA was
conducted to determine the effect of the 5 types of test
questions on the 2 dependent variables and significant
differences were found on the dependent measurements
(p,0.001).

Analyses of variance on the dependent variables
were conducted as follow-up tests to the MANOVA. Us-
ing the Bonferroni method, the ANOVA on the correct
response fraction was significant (p,0.001). In addition,
the difference found from the ANOVA performed on the
discrimination index was also significant (p,0.001).

Post-hoc analyses to the univariate ANOVA for the
correct response fraction and the discrimination index
consisted of conducting pairwise comparisons. As shown
in Figure 2, correct response fraction of knowledge, com-
prehension, and application was significantly higher than
the same metrics for analysis and synthesis/evaluation
(p,0.05). This indicates that the level of difficulty of test
questions associated with multiple factors was signifi-
cantly higher than that of test questions associated with a

Table 1. Demographics of Students Participating

Year 2006 2007 2008 2009 2010

Number of students 205 182 214 212 207
Average age, years 26 26 26 26 26
Gender, No. (%)

Female 132 (64) 116 (64) 115 (54) 130 (61) 123 (59)
Male 73 (36) 66 (36) 99 (46) 82 (39) 84 (41)

Ethnicity, No. (%)

Asian/East Indian 114 (56) 108 (59) 140 (65) 122 (58) 142 (69)
Caucasian 54 (26) 46 (26) 48 (22) 57 (27) 41 (20)
Other 37 (18) 28 (15) 26 (12) 33 (16) 24 (16)
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single factor. However, discrimination indices of knowl-
edge and comprehension were significantly lower than
those of application and synthesis/evaluation (p,0.05).

Description of Student Interviews as Feedback
Students who met all of the following criteria were

asked to participate in an interview to obtain feedback
related to the adoption of Bloom’s taxonomy: took the
course in 2010, participated in a non-mandatory exami-
nation review session, and approached the course coordi-
nator to seek advice on how to improve their academic
performance or to ask for clarification of lecturematerials

related to the examinations. Forty students whomet these
criteria participated in the interview. Eighteen of the 40
(45%) students had midterm grades that were less than
60%.

Thirty-eight students (95%) said that it was helpful to
them to identify which type of questions (knowledge,
comprehension, application, analysis, and synthesis/
evaluation) they most often missed. They also stated that
it was helpful to understand the purpose of each exami-
nation question. The 18 students whose midterm percent-
age was less than 60% responded that the examination
questions that they missed were scattered throughout
all 5 levels of Bloom’s taxonomy. However, 16 (88%)
of the 18 students responded that they realized the im-
portance of critical-thinking skills in obtaining therapeu-
tic knowledge.

DISCUSSION
In our assessment, synthesis and evaluation ques-

tionswerecombinedbefore statistical testswereperformed
for 2 reasons. First, the hierarchical order of synthesis and
evaluation could often be reversed. For example, it is dif-
ficult to synthesize drug therapy before evaluating current
therapy-related problems. A well-accepted revision of
Bloom’s taxonomy by Anderson and colleagues13 re-
versed the orders in their taxonomy by using “evaluation”
and “creation,” rather than “synthesis” and “evaluation.”
In fact, in practical situations, it is difficult to decide which
should be higher because evaluation is not only required
before synthesizing drug therapy, but also necessary after
synthesis to ensure that the new regimen is adequate. Sec-
ond, the number and variance of synthesis and evaluation
questions were unequal. Combining the 2 categories into
1 better satisfied the assumption of MANOVA.

Table 2. The Item Correct Response and the Discrimination Index of Questionsa on a Therapeutics Examination Written Based on
the 5 Types of Bloom’s Taxonomy

No. of Exam
Questions

Item Correct Response,
Mean (SD)b

Discrimination Index,
Mean (SD)c

Knowledge 283 0.74 (0.17) 0.26 (0.11)
Comprehension 67 0.79 (0.15) 0.22 (0.11)
Application 191 0.78 (0.14) 0.29 (0.09)
Analysis 13 0.61 (0.16) 0.29 (0.12)
Synthesis/Evaluation 84 0.60 (0.20) 0.30 (0.10)
Total 638 0.74 (0.17) 0.27 (0.11)
a Topics of questions were oncology, hematology, transplantation, supportive care, and women’s and men’s health.
b The correct response fraction is the fraction of students who answered the question correctly out of the total students who answered the question.
For example, on the questions that tested knowledge, 74% of the students answered correctly.
c The discrimination index is a point-biserial correlation comparing performance on an item to total test performance. Values can range from11
to �1. A high discrimination index indicates that high-performing students correctly answered the question, and/or that low-performing students
incorrectly answered. Similarly, a low or negative discrimination index indicates that high-performing students incorrectly answered a question,
and/or that low-performing students correctly answered a question.

Figure 2. Comparisons on the item correct response and dis-
crimination index for the five types of Bloom’s taxonomy of
learning. Asterisks indicate a significant difference (p,0.05)
between pairwise comparisons over knowledge and compre-
hension. Double asterisks indicate a significant difference
(p,0.05) between pairwise comparisons over knowledge,
comprehension, and application.
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The assessment on the discrimination index of
Bloom’s taxonomy question types indicates that appli-
cation and synthesis questions, which require critical-
thinking skills,14 are able to discern significantly better
between high- and low-performing students than can
knowledge and comprehensionquestions (p, 0.05). Thus,
well-planned multiple-choice questions may be alterna-
tives for essay examinations to evaluate critical-thinking
skills of students in a large class. However, caution is
needed to interpret the result of the study because other
factors besides critical-thinking skills are also associated
with higher domains of Bloom’s taxonomy. For example,
a student may have critical-thinking skills, but not possess
simple knowledge of multiple topics and therefore not se-
lect the correct answer for questions classified as analysis,
synthesis, or evaluation. The focus of the present study
was to incorporate Bloom’s taxonomy into a therapeutics
course to facilitate critical thinking. However, it was not
specifically designed to evaluate the relationship between
critical-thinking skills in pharmacotherapy and students’
performance on higher domain Bloom’s taxonomy ques-
tions, although Bloom’s taxonomy was designed and has
been utilized to incorporate critical thinking skills.14

The assessment of the correct response fractions
showed that test questions involving analysis and synthesis/
evaluation, which required multiple areas of knowledge
were significantly more difficult than questions associ-
ated with a single concept. This can easily be understood
as students who did not have the requisite were likely
unable to derive the correct answer from a question as-
sociated withmultiple topics. Althoughwe tried to equally
distribute topics (eg, cancers, gender health issues, etc)
among different types of questions in Bloom taxonomy
classification, statistical analysis of the topics was not per-
formed. Thus, this study is not defending the argument that
the statistical difference in difficulty levels of analysis and
synthesis/evaluation was due in part to different topics.

Application questions significantly improved the
discrimination index, compared to knowledge or compre-
hension questions. However, such questions did not lower
the correct response fraction. In other words, application
questions significantly improved the ability of the test to
discern between high and low performers without signif-
icantly affecting the average examination score.

When classifying questions, we focused on “multi-
ple factors” of Bloom’s upper categories (analysis, syn-
thesis, and evaluation), as opposed to the lower categories
(knowledge, comprehension, and application). For exam-
ple, question A (Appendix 1) was classified as an analysis
question because students should have considered multi-
ple factors in deriving the correct answer. The clinical
manifestations of a patient may be caused by the disease

itself, pathological changes caused by treatment, and/or
adverse drug reactions. Students should be able to analyze
these multiple aspects of clinical manifestations in order
to make prudent interventions. If the same question were
asked in an essay format, itwouldbe consideredan analysis
question without major controversy regarding classifica-
tion. However, the answer choices provided may guide
students’ thinking processes to detect the examination
writers’ intensions. As such, the example could be argued
to be a knowledge question, as it could be viewed as a com-
bination of several independent “knowledge” questions.
Similar arguments could be made about multiple-choice
questions for “synthesis” and “evaluation.” This factor/as-
pect of multiple-choice questions, ie, that answer choices
mayguide students’ thinkingprocesses, couldbea limitation
of incorporating critical-thinking skills into multiple-choice
questions. We tried to minimize controversial classification
of questions based on Bloom’s taxonomy by using peer re-
viewers. The reason we had clinician peer reviewers rather
than full-time pharmacotherapy educators was to improve
the practical usefulness of test questions. Because theywere
asked to peer-review questions for content and quality, they
were also asked to review Bloom’s classification of ques-
tions. In instanceswhere therewasdisagreement, the authors
and peer reviewers reached agreement after discussion.

There are also limitations on the qualitative assess-
ment of incorporating Bloom’s taxonomy into a pharma-
cotherapeutics course. Student interviews used in this study
may have caused biases such as experimenter and/or sub-
ject effect, unlike a blinded formal evaluation. However,
an overwhelmingly positive response was expressed by
students regarding the usefulness of this method of testing.
The majority of interviewed students expressed that they
realized the importance of critical-thinking skills in obtain-
ing therapeutic knowledge.

The other limitation of the qualitative assessment
was selection of interviewed students. Students who were
interviewed were selected from students who wanted to
seek advice on how to improve their performance or to
clarify test materials. Therefore, interview samples were
skewed toward low-performing students. However, it is
not uncommon for instructors to spend much of their out-
of-class time to assist low-performing students with un-
derstanding thematerial so that they can successfully pass
a course. During the interview, the majority of low-per-
forming students responded that their incorrect questions
were scattered throughout the entire classification scheme
used by Bloom’s taxonomy. These students did not have
sufficient foundational knowledge to answer basic knowl-
edge questions or higher hierarchical questions. Bloom
addressed in his handbook that “knowledge by itself is
one of the most common educational objectives.”6 The
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emphasis on critical-thinking skills should not misdirect
students from understanding the importance of the ac-
quisition of knowledge. Student feedback suggested that
sufficient acquisition of knowledge is necessary prior to
applying, analyzing, synthesizing, and/or evaluating pa-
tients using critical-thinking skills.

This unique approach to adopting Bloom’s taxonomy
drew the interest of university faculty members and ulti-
mately led to presentation of the innovativemethod at a fac-
ulty developmentworkshop. Participants indicated that they
had heard ofBloom’s taxonomy, but had not conceptualized
Bloom’s taxonomy enough to apply it to their teaching.
However, the concept maps (Appendix 1) were helpful to
them in sufficiently understanding and applying these con-
cepts to their lectures and to examination questions.

SUMMARY
Adoption ofBloom’s Taxonomy intomultiple-choice

test questions was implemented in a pharmacotherapeutics
course to incorporate critical-thinking skills. Statistical
analysis on thecorrect response fractionanddiscrimination
index of Bloom’s taxonomy (knowledge, comprehension,
application, analysis, and synthesis/evaluation) showed
that the difficulty level of test questions associated with
multiple factors is significantly higher than that for test
questions associated with a single factor. In addition, the
discrimination index of test questions requiring applica-
tion skills and thinking ability is higher than that of test
questions requiring only memory and understanding.
The majority of the interviewed students responded that
they realized the importance of critical-thinking skills in
obtaining therapeutics knowledge through the innova-
tive application of Bloom’s taxonomy. This suggests that
well-plannedmultiple-choice examinations usingBloom’s
taxonomymaybe aviable and effective alternative to essay
examinations to assess the critical-thinking skills of a large
class of students.
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Appendix 1. Sample and Concept Map of the Three Types of Midterm and Final Examination Questions in Upper Hierarchical
Domain (Analysis, Synthesis, and Evaluation) based on Bloom’s Taxonomy Classification (Correct answers are written in bold.)
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