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Abstract
Objective: Enhancing critical and moral thinking are goals of higher education. We sought to examine thinking development
within a Doctor of Pharmacy (Pharm.D.) program.
Methods: The California Critical Thinking Skills Test (CCTST), Health Sciences Reasoning Test (HSRT), and the Deﬁning
Issues Test (DIT2) were administered to Pharm.D. students over four sessions throughout their didactic studies. Students took
tests in their P1 Fall, P1 Spring, P2 Spring, and P3 Spring. While CCTST and HSRT are similar for assessing foundational
critical thinking, the DIT2 assesses complex moral thinking. Each thinking test was correlated with academic success by
undergraduate and graduate grade-point averages (GPAs).
Results: The CCTST was administered in P1 Fall (20.1 ⫾ 5.0). For HSRT, mean ⫾ S.D. was P1 Spring: 22.7 ⫾ 3.5, P2
Spring: 22.6 ⫾ 4.8, and P3 Spring: 23.8 ⫾ 4.5. After converting P1-CCTST and P2-HSRT scores using user-manual
interpretations, there was no difference on paired comparison (P ¼ 0.22, 0.1 Cohen’s d). There was a small difference between
P1-HSRT and P3-HSRT (P o 0.01, 0.2 Cohen’s d). Also administered each time, the DIT2 was P1 Fall: 40.4 ⫾ 12.6, P1
Spring: 36.3 ⫾ 13.7, P2 Spring: 44.9 ⫾ 13.6, and P3 Spring: 43.4 ⫾ 15.4. For DIT2, both P1 Fall to P2 Spring and P1 Spring
to P3 Spring were signiﬁcant with small and medium effect-sizes (both P o 0.01, 0.4 and 0.5 Cohen’s d respectively).
Importantly, multiple HSRT, and DIT2 assessments correlated with undergraduate and graduate GPAs.
Conclusions: During a Pharm.D. program of study, students developed substantially in moral reasoning though minimally in
foundational critical thinking. Both foundational and moral reasoning correlated with academic success. Showing
responsiveness to change, the DIT2 appears helpful as a measure of cognitive development for pharmacy education.
r 2016 Elsevier Inc. All rights reserved.
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Introduction
Development of critical thinking has been adopted
universally as an important goal of higher education.1–4
☆
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However, it has also been recognized that there can be
considerable variation and confusion in deﬁnitions of
“critical thinking,”4 including from pharmacy education.5,6
While expanded background for thinking deﬁnitions and
measurement instruments has been recently reviewed for
pharmacy education,6,7 the following is a short summary.
There appear to be two major, though different, constructs
described as “critical thinking” that have each been studied
with promise in pharmacy education6,7 and other health
professions8—foundational critical thinking and complex
thinking/reasoning, as shown in Figure. Decades ago, these
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Fig. A cognitive framework for critical and complex thinking6.

forms of thinking had been described in education with
Marzano’s Dimensions of Learning model.9,10
“Habits of mind” is terminology used within the Center
for the Advancement of Pharmacy Education (CAPE) 2013
Educational Outcomes,11 referring readers to Costa's work
for further insight. Costa notes that “critical thinking,” while
not mention speciﬁcally within his habits of mind, coincides
with his framework12; both Marzano et al.9 and Costa and
Kallick12 agree that critical thinking is foundational. As a
“habit of mind,” foundational critical thinking is analytical
and involves interpretation or analysis followed by evaluation or judgment.4 Meanwhile, complex thinking may better
be termed problem-solving or clinical reasoning. Following
the American Philosophical Association's deﬁnition of
critical thinking,13 the California Critical Thinking Skills
Test (CCTST) and its more recent extension, the Health
Sciences Reasoning Test (HSRT), quantify one conception
of foundational critical thinking.
While there is a foundational need for critical thinking,
sound thinkers require more complex thinking as well. The
Deﬁning Issues Test version 2 (DIT2) quantiﬁes a complex,
cognitive-moral perspective to thinking.14 Importantly, the
DIT2 has also been associated with physician and pharmacist professionalism15,16; its use in assessment has been
recommended for pharmacy education at multiple times.16–18
Methods
Setting
The University of Toledo is a comprehensive public
institution and includes an academic medical center. The
college of pharmacy is a 2 þ 4 Doctor of Pharmacy (Pharm.D.)
program, where the ﬁrst two years of the Pharm.D. are
considered undergraduate coursework while the remaining
two years are graduate-level coursework. While undergoing
future changes, at the time of this investigation the
curriculum was mainly separate lecture-based basic science
and therapeutic course-blocks, with some case-based coursework. This study followed students from the 2015
and 2016 Pharm.D. classes through their didactic ﬁrst- to

third-years. This investigation received the University of
Toledo's IRB approval.
Because one of the cognitive development instruments
used in this study (i.e., DIT2) is a measure of ethical
reasoning, brief mention of that ethics curriculum is needed;
this content is explained in more detail elsewhere.19 In
short, “professionalism and ethics” is a longitudinal module
throughout the ﬁrst- to third-year of professional study.
Each semester, students build on content from prior
material. Ethics, introduced as the four biomedical principles,20 is a framework to approach pharmacy practice
ethical issues. Students reﬂected on and discussed a number
of ethical applications to pharmacy practice. The majority of
these are within students’ ﬁrst-year of Pharm.D. study.
Within the module, there is no explicit mention or discussion of Kohlberg’s model of moral reasoning (which was
foundational for initial development of the DIT2
instrument21).
Design
This was a longitudinal cohort research study design that
followed two class years of Pharm.D. students from their
ﬁrst through third professional years (P1–P3). To measure
change, a longitudinal research study design has been
championed.22 The large Wabash National Study assessed
thinking development (foundational critical thinking and
complex thinking) among numerous undergraduates at
liberal arts colleges; it used a longitudinal research study
design.22 Each entering Pharm.D. class was randomly
divided into a Group A and a Group B. The randomization
ﬁrst stratiﬁed students into sections based on introductory
pharmacy practice experiences scheduling, pharmacy practice experience, and future practice setting interests; second
was to alternate between tests in each lab section wherein an
equal number of students took each test.
Group A took the CCTST in Fall semester of their ﬁrstyear, the DIT2 in spring semester of their ﬁrst-year, the
HSRT in spring of their second year, and the DIT2 in the
spring of their third year (Table 1). At the same time, Group
B did almost the opposite (Table 1). Given that there were
roughly two years between repeat administrations of any
single version of thinking test used in this study, a student’s
recall of any instrument's speciﬁc content seemed very
Table 1
Critical thinking assessment administration design overview for
each Pharm.D. class
Group

P1 Fall

P1 Spring

P2 Spring

P3 Spring

A (half of class)
B (half of class)

CCTST
DIT2

DIT2
HSRT

HSRT
DIT2

DIT2
HSRT

CCTST, California Critical Thinking Skills Test; DIT2, Deﬁning Issues Test,
Version 2; HSRT, Health Sciences Reasoning Test.
Note: Only paired signiﬁcance testing was done (Group A or Group B);
cross-sectional testing between groups was avoided (Group A vs. Group B).
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Table 2
Critical thinking assessment ranges and norms
(A) Deﬁning issues test (version 2) N2-score norms23
Education level

Mean

Standard deviation

Number of subjects

Grade 10–12
Vocational/technical/junior college
Undergraduate
Graduate

31.0
27.2
34.8
41.3

14.8
14.4
15.5
14.6

2284
986
32,974
15,494

(B) California critical thinking skills test interpretations and norms24
Critical thinking ability spectrum
Interpretation

Not manifested

Weak

Moderate

Strong

Superior

34-item overall score

0–7

8–12

13–18

19–23

24 or higher

Junior college (%)
Undergraduate (%)
Graduate (%)
Health sciences undergraduate (%)
Health sciences graduates (%)

6
3
1
1
1

28
16
8
7
4

44
41
31
34
23

15
25
25
32
33

7
15
35
25
38

(C) Health sciences reasoning test interpretations and norms25
Critical thinking ability spectrum
Interpretation

Not manifested

Weak

Moderate

Strong

Superior

33-item Overall score

0–14

Not applicable

15–20

21–25

26 or higher

Health sciences undergraduates (%)
Health sciences graduates (%)

8
10

40
28

41
38

11
24

Note: N2-score range is 1–95.

unlikely. Furthermore, in this research study design, each
student only took one test at each administration time
period, which was a much lower test-taking burden to
students than taking two thinking tests at each time period
(e.g., limiting test-burden for students was a major issue
within our assessment design).
To measure development, students' longitudinal scores
were only compared individually; each student's initial test
score was matched to their later test score. No crosssectional comparisons were done between Group A and
Group B. Four paired comparisons were planned. First,
because students in Group A took the CCTST initially in
their P1 Fall, comparison to their P2 Spring HSRT scores
were interpreted and recoded for critical thinking ability
level, Table 2; this comparison was less-than-ideal (unlike
using the same test on both occasions), but with a very high
correlations between the instrument scores, it could be
viewed as preliminary. The CCTST was initially used in
P1 Fall because it was unsure whether, at Pharm.D. program
entry, students' limited prior health care exposure would
affect how they performed on HSRT items that are situated
within health care problems. Second, for students from
Group A who took the DIT2 in P1 Spring, those scores
would be compared to their result from P3 Spring. Third,

for students in Group B who took the DIT2 in P1 Fall, this
score would be compared to their score on the DIT2 in P2
Spring. Fourth, comparison in Group B would be done
between each student's P1 Spring HSRT and P3 Spring
HSRT scores.
Instruments
Noted previously as promising thinking assessments for
pharmacy education,6–8 the CCTST, HSRT, and DIT2 were
used in this investigation. To evaluate critical thinking
development, these three thinking instruments were administered longitudinally within the University of Toledo
College of Pharmacy and Pharmaceutical Sciences assessment program. Looking at each test, the CCTST/HSRT and
DIT2 appeared different. The CCTST and HSRT have
straightforward, multiple-choice questions (34 questions
and 33 questions, respectively) and appear quite similar to
one another for assessing foundational critical thinking.
Meanwhile, the DIT2 has ﬁve cases, asks the test taker for
an opinion on what to ethically do in each case, and
assesses complex cognitive-moral thinking. Scoring for the
DIT2 is also more complicated, though using and reporting
the N2-score is recommended for professional and graduate
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Table 3
Test results from two Pharm.D. cohorts
Test

CCTST/HSRT
DIT2c
DIT2c
HSRT

Test group

A/A
A
B
B

Number of subjects

96/96
86
81
89

Administration times
P1 Falla

P1 Springa

P2 Springa

P3 Springa

20.1 (5.0)b/–
–
40.4 (12.6)e
–

–/–
36.3 (13.7)d
–
22.7 (3.5)f

–/22.6 (4.8)b
–
44.9 (13.6)e
–

–/–
43.4 (15.4)d
–
23.8 (4.5)f

CCTST, california critical thinking skills test; DIT2, deﬁning issues test-version 2; HSRT, health sciences reasoning test, P1, Pharm.D. year 1, p2, Pharm.D. year 2,
P3, Pharm.D. year 3.
a
Mean (standard deviation).
b
P ¼ 0.22; 0.1 [trivial] Cohen’s d effect-size;33 compared only after converting to critical thinking interpretations (moderate, strong, superior; interpretations
italized, and score ranges in Table 2).
c
N2-scores reported.
d
P o 0.01; 0.5 [medium] Cohen's d effect-size.33
e
P o 0.01; 0.4 [small] Cohen's d effect-size.33
f
P o 0.01; 0.2 [small] Cohen's d effect-size.33

programs.26 The N2-score range is between 1 and 95. The
three panels of Table 2 give norms and interpretations for
each of the three instruments used; more details can be
found in a review for pharmacy education6 or each test's
user manual.24,25,27

Statistical analysis
To measure thinking development with each assessment,
two measured scores from each student were compared for
statistical signiﬁcance using a paired t-test (SPSSs version
19 for Mac, Armonk, NY). An instrument needs to be
responsive to change, which is a characteristic outside of
other standard psychometric evidence for reliability and
validity.28,29 It is important to note, only longitudinal
statistical comparisons were done, also noted in Table 1.
Similar to prior pharmacy30 and nursing31 research reports
using the CCTST and DIT2, students of higher and lower
ability were compared. Based on scores from the ﬁrst test,
development among students in the upper-half were compared to students scoring in the lower-half using an
unpaired t-test. Additionally, scores on the thinking assessments were correlated with academic success indicators of
undergraduate and graduate grade-point averages (GPAs).
For our 2 þ 4 program, undergraduate GPA included two
pre-Pharm.D. years and the ﬁrst two Pharm.D. years, while
the graduate GPA was from the ﬁnal two Pharm.D. years.
As opposed to analyzing only statistical signiﬁcance,
practical signiﬁcance was evaluated in two ways.32 First,
standardized effect-sizes were calculated using Cohen’s
d (http://www.uccs.edu/ lbecker) and interpreted using
Cohen's recommended general categories (small, medium,
and large).33 Second, the standard error of measurement
(SEM) was used as a distribution-based method to determine a minimal clinically important difference.34,35 While
the test developer/scorer for the CCTST and HSRT does not

routinely report internal consistency, we assumed these
standardized tests would be  0.75; a similar value has
been suggested from CCTST use in nursing36 and the
CCTST user manual.24 The SEM (standard deviation times
the square-root of one minus reliability37) would be 0.5
times the standard deviation, which equals the same as a
Cohen's d of 0.5.33 Thus, a medium effect-size by Cohen’s
d would suggest a minimal clinically important difference
and practically signiﬁcant result herein.
Furthermore, insight into individual student progress
was also ascertained. While all students in Group A or
Group B were compared as a group, individual variation
among students was also analyzed. For practical signiﬁcance among these individual differences, the difference in
each student's scores was assessed for a clinically important
difference using the pooled (i.e., average) SEM from those
test administration results. Some students should display
developmental improvement beyond the SEM, while others
may not change appreciably and still others may diminish
between the test occasions.

Results
As in Table 3, the CTTST was administered to 96
students in P1 Fall and was 20.1 ⫾ 5.0 (mean ⫾ standard
deviation). Because some students either failed coursework,
or were removed by external scoring for inconsistent DIT2
responses to different cases within, the number of students
for paired comparison differed with each test. At the
beginning of the ﬁrst-year of this Pharm.D. program, there
were 112 students in the Class of 2015 and 108 in the Class
of 2016. For HSRT and DIT2, results are also in Table 3.
Four paired comparisons were made for thinking development, with two for each of Group A and Group B. First,
Group A's P1 Fall CCTST and P2 Spring HSRT were
compared. These tests have not been equated with one
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appreciably change and still others diminished between
the test occasions.
Table 5 shows correlations and effect-sizes for the
CCTST, HSRT, and DIT2 on undergraduate and graduate
grade-point averages. Neither P1 Fall test was statistically
signiﬁcant in correlation to either GPA. Except for P1 Fall
assessments, most other correlations were statistically signiﬁcant for at least one GPA, while the P1 Spring HSRT
was substantially signiﬁcant for both GPAs, with medium
and large effect-sizes.

another and their raw scores should not simply be compared. As speciﬁed in Table 2, CCTST and HSRT scores
were transformed into levels of critical thinking ability
deﬁned in the user manuals.24,25 These transformed critical
thinking ability interpretations were compared between the
CCTST administration and the HSRT administration.
Because the goal was to compare an administration of the
CCTST to the HSRT, Pearson correlations were ﬁrst
examined among the same students and different pharmacy
students. Results were substantial between tests (P1FCCTST to P2S-HSRT r = 0.7, P o 0.01). Comparing the
interpretation of CCTST with the interpretation from HSRT,
no statistical difference was found when assessing development with these similar critical thinking tests [P = 0.22, 0.1
Cohen's d (trivial effect-size)]. Additionally, no signiﬁcant
difference was found for the upper-half versus lower-half
comparison of the CCTST (P = 0.17).
Second, Group A’s DIT2 P1 Spring to P3 Spring
was statistically signiﬁcant with a medium effect-size
(P o 0.01, 0.5 Cohen's d); however, there was no statistical
difference with upper-half versus lower-half comparison,
and a small effect-size between (P = 0.09, 0.4 Cohen’s d).
Third, the paired DIT2 results for Group B's P1 Fall to
P2 Spring were statistically signiﬁcant with a small effectsize found (P o 0.01, 0.4 Cohen's d). Comparing upperhalf versus lower-half on gain in DIT2 from P1 Fall to P2
Spring, independent t-test comparison was statistically
signiﬁcant, with a large effect-size between (P o 0.01,
0.8 Cohen’s d).
Fourth, Group B's HSRT comparison between P1 Spring
and P3 Spring had similar means, was statistically signiﬁcant, though had a small effect-size (P o 0.01, 0.2 Cohen’s
d). Comparison of upper-half and lower-half HSRT scores
was statistically signiﬁcant, though with a trivial effect-size
between (P = 0.02, 0.1 Cohen’s d).
While entire Group A and entire Group B were
compared, Table 4 also shows individual variation in
development among students on the test administrations.
For all three tests, some students had developmental
improvement beyond the SEM, while others did not

Discussion
Within the current cohorts, the DIT2 changed substantially with education. This is similar to other reports in K-12
education38 and higher education.39,40 It appears to be
responsive measure of moral cognitive development. Compared to other variables that have been studied for development with education, the DIT2 has shown some of the most
dramatic longitudinal gains of cognitive growth.26
Our assessments of foundational critical thinking
showed little development. Between the spring of the ﬁrst
year and the end of didactics in the third year, a small
statistical gain was detected using the HSRT; the practical
signiﬁcance, however, is questionable (i.e., Cohen’s d o
0.5). Based on critical thinking ability interpretation estimates, as in Table 2, the CCTST–HSRT did not change.
Teaching foundational critical thinking takes explicit, deliberate work. One higher education study concluded that
many instructors think that they are teaching critical
thinking in their courses, although few do41; of those who
do teach it, foundational critical thiking was most often an
explicit learning objective of their course, where speciﬁc,
focused instruction of critical thinking was provided. In that
study, it was also noteworthy that many faculty members
could not adequately deﬁne critical thinking. In fact, in
revising the widely-known Bloom's Taxonomy, Krathwohl42 introduced the term “understanding,” of which
faculty members seemed to share a similar concept. He
decided, however, not to include “critical thinking,” as

Table 4
Development for individual students in multiple Pharm.D. classes
Test

CCTST
HSRT
DIT2c
HSRT
DIT2c

Test group

A
A
A
B
B

Number of subjects

96
96
86
89
81

Development
SEM from pooled SD

Students improved? (gain/same/loss)a

N/A

26%/57%/17%b

7.3
2.0
6.8

45%/45%/10%
23%/68%/9%
40%/45%/15%

CCTST, California Critical Thinking Skills Test; DIT2, Deﬁning Issues Test-version 2; HSRT, Health Sciences Reasoning Test; N/A, not applicable; SD, standard
deviation; SEM, standard error of measurement.32,37
a
Gain 4 þ 1SEM, same within ⫾ 1SEM, and loss o1 SEM.
b
Based on conversion of CCTST and HSRT scores to interpretation (i.e., Table 2), and then compared.
c
N2-scores reported.
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Table 5
Correlation of each critical thinking test to grade-point averages
Critical thinking
test

Undergraduate
GPAa

Graduate GPAb

Term

Test

Pearson r (effect
size)

Effect-size
interpretc

Pearson r (effect
P value size)

Effect-size
interpretc

P value

P1 Fall

CCTST
DIT2
HSRT
DIT2
HSRT
DIT2
HSRT
DIT2

0.13
0.03
0.33
0.18
0.24
0.10
–
–

Small
Trivial
Medium
Small
Small
Small
–
–

nss
nss
0.05
nss
nss
nss
–
–

Small
Small
Large
Medium
Medium
Medium
Large
Medium

nss
nss
o0.01
0.03
0.04
o0.01
o0.01
0.01

P1 Spring
P2 Spring
P3 Spring

0.28
0.12
0.51
0.34
0.31
0.48
0.52
0.38

Note: Bold and italicized effect-size interpretation text to denote practical signiﬁcance evidence.
CCTST, California Critical Thinking Skills Test; DIT2, Deﬁning Issues Test-version 2; HSRT, Health Sciences Reasoning Test; GPA, grade-point average; nss,
not statistically signiﬁcant; P1, Pharm.D. year 1; P2, Pharm.D. year 2; P3, Pharm.D. year 3.
a
Undergraduate GPA includes ﬁrst two years of Pharm.D.
b
Graduate GPA is for last 2 years of Pharm.D.
c
Effect-size interpretations:33 trivial (r o 0.1), small (r ¼ 0.10), medium (r ¼ 0.30), and large (r ¼ 0.50).

educators did not seem to share a similar deﬁnition for
this term.
From a psychometric standpoint, our lack of later effect
with the HSRT may have come from the lack of test
difﬁculty and resulting restricted scoring range. In general,
Pharm.D. students tend to score very well on this exam
(Dee August, senior psychometrician at Insight Assessment,
email communication May 8, 2014). Thus, pharmacy
students would cluster as “strong” or “superior” critical
thinkers—more than half of the instrument's scoring range
would not be used (i.e., weak or moderate critical thinking).
Therefore, to show a meaningful difference, the test must
become even more challenging by extending its scale
toward higher difﬁculty. The CCT-G835 does just this
and may be more appropriate for foundational critical
thinking measurement in pharmacy education (Dee August,
Insight Assessment, email communication May 8, 2014).
An alternative method is to switch focus from attempting to
assess foundational critical thinking toward assessing complex thinking (i.e., cognitive-moral development) as recommended by pharmacy education leaders.16–18
As expected following a prior reviews of critical
thinking in the pharmacy education literature,5,6 these
different thinking assessments have shown dissimilar
results. While the CCTST and HSRT measured foundational critical thinking, the DIT2 measured more complex
thinking. Our results conﬁrm a theoretical framework
wherein “critical thinking” relates to a foundational, analytical habit of mind while higher-order, complex thinking
(which some educators may mis-term “critical thinking”)
involves problem-solving, clinical reasoning, and other
complex reasoning.9,10 As such, habits of mind as recommended by the CAPE 2013 Educational Outcomes11 (which

include analytical critical thinking within the habits9,12)
should be cultivated early in K-12 education, and much in
preparation for higher education. Once students have
already shown academic success within the college setting,
trying to develop students' foundational critical thinking
further within Pharm.D. education may not be as important.
Success in pre-pharmacy college coursework may already
be selecting for strong foundational critical thinking skill. It
did not appreciably develop further during this Pharm.D.
program; it may not have been adequately taught for
improving strong critical thinkers, but should it be taught
further at this point anyways?
Kelsch and Freisener43 noted how the critical thinkingspeciﬁc HSRT did not add meaningful information to their
pharmacy admission process. Furthermore, Cox and
McLaughlin44 showed a limited correlation of HSRT with
later academic success indicators and suggested a limitation
on any associations being meaningful. Both foundational
and complex thinking correlated with academic success
indicators in this study; in fact, the foundational HSRT
correlations appeared stronger than complex DIT2 correlations. Foundational critical thinking has good evidence
when correlated with academic success among Pharm.D.
students.3,6
This study demonstrated little development in foundational critical thinking. Between this study and evidence
cited in the introduction, it would suggest little substantial
teaching and learning of this is being done in this Pharm.D.
program. Importantly, it should be noted that critical
thinking was strong or superior in most of our pharmacy
students anyways. Knowing this, there would appear to be
diminishing or inconsequential gains in trying to teach it
further. However, complex thinking holds promise and
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consistently developed in more than one student cohort
within this investigation. It grew most among students who
scored lowest and needed it the most. Additionally, and
related to assessment methodology, the strong association
shown between P1 Spring within this investigation tests
with both undergraduate and graduate GPAs would suggest
that waiting until students are well into a Pharm.D. program
before critical thinking testing would correlate strongly with
academic success.
Moral reasoning is a sound indictor that has shown
improvement with college education.20,23,26,27,45 Some professions, however, have discussed a lack of moral reasoning
development,46,47 while pharmacy education has shown
conﬂicting results.7 Similar to critical thinking, this complex
thinking does not necessarily grow automatically, though it
can improve from dedicated educational initiatives. Barriers
have been discussed toward improving moral reasoning for
pharmacy education.16 Our analysis showed that the DIT2
can successfully be used for further program assessment.
Extending this, its use over multiple administrations may,
by itself, foster further development.48 Clearly, the DIT2’s
association with professionalism and subsequent professional development is a promising avenue for further investigation in pharmacy education.19,49
Based on these results, our recommendation for our
college of pharmacy is to avoid using the CCTST and
HSRT. Foundational critical thinking was strong or superior
in most of our students, and (presumably) admission
variables of pre-pharmacy GPA and PCAT are helping in
the selection of students with a robust critical thinking
foundation. Meanwhile the DIT2 assesses complex thinking, granted only one facet of these complex thinking skills.
Similar to periodically monitoring a patient's pulse, we
recommend that our college periodically measure development of complex thinking with the DIT2, making sure that
we continue this development.
Limitations
This current investigation was most limited by sampling—
that is, these assessments are from one institution, and the
results differ from some prior studies speciﬁcally within
pharmacy education.7 However, in a recent meta-analysis of
health professions, pharmacy differed from other health
professions in pooled effects for moral reasoning.8 Our
results were similar to professions other than pharmacy and
suggest that pharmacy education can develop complex
thinking as well.
Conclusion
Two cohorts of Pharm.D. students improved in their
complex thinking, though their foundational critical thinking did not improve substantially. Interestingly, students
with lowest complex thinking initially appeared to beneﬁt
most. Both the HSRT and DIT2 correlated signiﬁcantly
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with academic success measures (undergraduate and graduate GPAs). This appears to be the ﬁrst pharmacy study to
report a substantial positive effect-size with the DIT2. Our
analysis demonstrates that the DIT2 could be helpful in
program assessment for pharmacy education.
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