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Objective. To adapt a classroom assessment technique (CAT) from an anthropology course to a di-
abetes module in a clinical pharmacy skills laboratory and to determine student knowledge retention
from baseline.
Design. Diabetes item stems, focused on module objectives, replaced anthropology terms. Answer
choices, coded to Bloom’s Taxonomy, were expanded to include higher-order thinking. Students
completed the online 5-item probe 4 times: prelaboratory lecture, postlaboratory, and at 6 months
and 12 months after laboratory. Statistical analyses utilized a single factor, repeated measures design
using rank transformations of means with a Mann-Whitney-Wilcoxon test.
Assessment. The CAT revealed a significant increase in knowledge from prelaboratory compared to all
postlaboratory measurements (p,0.0001). Significant knowledge retention was maintained with basic
terms, but declined with complex terms between 6 and 12 months.
Conclusion. The anthropology assessment tool was effectively adapted using Bloom’s Taxonomy as
a guide and, when used repeatedly, demonstrated knowledge retention. Minimal time was devoted to
application of the probe making it an easily adaptable CAT.

Keywords: Classroom assessment techniques; diabetes; skills lab; background knowledge probe; knowledge
retention; CAPE domains

INTRODUCTION
In 2011, the Accreditation Council for Pharmacy

Education (ACPE) updated the Accreditation Standards
andGuidelines for the Professional Program in Pharmacy
Leading to the Doctor of Pharmacy Degree.1 Standard
No. 15, which addresses Assessment and Evaluation of
Student Learning and Curricular Effectiveness, denotes
that curricular evaluation should include varied forma-
tive and summative assessment methods that are system-
atically and sequentially administered to determine
students’ achievement at different levels and foster
experimentation and innovation.

Based on this guideline, educators might want to
consider implementing formative and summative assess-
ment techniques in tandem with the course, module, or
lecture. These techniques should be incorporated fre-
quently through a course, making assessment part of the

learning process.2 Doing so would facilitate the ability to
use analyzed assessment data for immediate improve-
ments in the educational modality rather than waiting un-

til later time points, such as the final evaluation, when
adjustments would only benefit students in subsequent
semesters. Additionally, using frequent assessment tech-
niques could demonstrate student learning changes by

comparing data from several time points. A systematic
and sequential administration of assessments will either
validate the educational modality or bring attention to
improvements needed relating to long-term learning
gains. Classroom assessment techniques (CATs) are brief

formative evaluations that are available in a large variety
of constructs. When administered at various time points,
theymay be used to track student achievement at different
levels, while fostering instructor experimentation and in-
novation. Therefore, CATs could be used tomeet the need

set forth by Standard No. 15.
CATs augment clearly defined teaching objectives

by allowing instructors to formatively determine what,
how much, and how well students are achieving learning
goals.3-5 Important characteristics of effective CATs
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include being learner-centered, teacher-directed, mutu-
ally beneficial, formative, context-specific, and well in-
tegrated into the teaching and learning process.6 CATs
allow instructors to gage students’ knowledge or per-
ceived knowledge of various topics before, during, or
after learning experiences. In addition to supporting in-
structional development, CATs also allow instructors to
focus valuable class time toward knowledge deficient
areas rather than topics more comfortable for students.3,6

Due to the formative nature of CATs, educational adjust-
ments can be made immediately rather than waiting until
the following semester. CATs also present an opportunity
for students to provide anonymous feedback about their
learning. Students particularly hesitant to ask questions
aloud in class can more comfortably communicate with
instructors by completing a CAT and may also learn that
other classmates share like concerns.3 Additionally, by
providing welcome feedback, students become more in-
volved in their learning, motivated to successfully com-
plete the course, and self-directed.3,4

CATs may be used to determine students’ prior
knowledge or ability to recall, apply, analyze, synthesize,
create, or critically consider material. The CATs most
commonly used to assess knowledge and recall are the
“background knowledge probe,” the “one minute paper,”
and the “muddiest point.” Instructors use the one minute
paper to allow students to respond in writing to the fol-
lowing two questions during the final fewminutes of class
time: “What was the most important thing you learned
today in class?” and “What are you still confusedabout?” 7

This technique allows instructors to compare course or
module objectives with students’ perceptions of impor-
tant topics and their learning. Again, students respond in
writing at the conclusion of a lecture to the muddiest
point. This knowledge and recall CAT mirrors half of
the one minute paper by allowing students to respond re-
garding the most confusing aspect of education provided.
This helps the instructor identify points to better empha-
size or explain prior to starting the next course lecture.3,6

Quite different from the one minute paper and mud-
diest point, the background knowledge probe CAT allows
instructors to easily collect and analyze student prepared-
ness about a particular topic. Gathered information can
then be applied to determine the most appropriate starting
point and instruction level for a given lesson.3,6 High-
lighting essential information when using a background
knowledge probe not only allows review of previously
presented material, but also provides direction for future
topics of study within a course. Background knowledge
probes require students to reflect on current knowledge
and assess their understanding, often through either short
answer responses or selection of answer choices.3,6 They

aremost commonly administered prior to beginning a new
course, lesson, or topic.6 However, they may also be ad-
ministered immediately following an event to gain a rough
sense of improvement in knowledge base or familiarity.3,6

Although CAT examples are described in the litera-
ture, including the arena of Allied Health, most offer
anecdotal support of their impact rather than sufficient,
well-articulated detail to determine objective, outcome-
related changes.8-10 A study by Wise is one exception,
describing the process and impact of implementing the
muddiest point CAT in a 2-hour lecture-based course in
physical therapy for third-year students.11 Confidentially
completed evaluations showed significant improvements
in student perception of the course and instructor when
a CAT was administered throughout the semester com-
pared to previous semesters, when no CAT was used.
Students responded that course assignments were reason-
able and contributed to learning (p50.002), the coursewas
well organized (p50.007), and the instructor provided
students with opportunities for questions (p50.004).11

CATs have also been developed and implemented in
various doctor of pharmacy programs, although few stud-
ies describe specific outcomes. Van Amburgh and col-
leagues assessed the impact of various active-learning
techniques integrated into pharmacy classroom lectures,
including CATs, but did not specifically outline the ben-
efits gained by the individual assessment measures.12

Other assessment review articles mention that CATs, es-
pecially the muddiest point, is often use by pharmacy
faculty, but again, few specifics are provided.8,13,14

Bartlett and Morrow, however, provide a comprehensive
description of adapting and implementing the one minute
paper in a first-year Biochemical Basics of Drugs and
Disease pharmacy course. They expanded the 2-question
CAT to include a third: “What was the most interesting
fact you learned today?” Course feedback gathered
through themid-term evaluation and a student-completed
survey indicated that inclusion of the one minute paper
improved student-faculty relationships, student under-
standing of difficult material, and student likelihood of
asking questions in class (with women feeling more en-
couraged than men to ask questions in class) (p,0.01).15

Additionally, students believed the CATwas an effective
use of class time.15

While limited literature outlines the implementation
and assessment process of including a CAT in pharmacy
or other health-related disciplines, findings do tend to
point to improvements in either student perception of
the course, content, or instructor. The current study in-
vestigates the process of translating a background know-
ledge probeCAT fromanother discipline (anthropology6)
to a pharmacy-specific course. Additionally, it is the first
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assessment to objectify changes in student knowledge
retention over a 12-month interval using this type of back-
ground knowledge probe.

DESIGN
Third-year pharmacy students attended (or later

viewed the recording of) a 1-hour prelaboratory lecture
on type 1 diabetes at Auburn University in a large class-
room setting. The off-campus instructor used a video con-
ference system (Polycom) to present background content
to students. Whether students attended the real-time prel-
aboratory lecture or later watched the recorded presenta-
tion, they received identical content. Over the following 7
days, students completed a homework assignment of pho-
tographing their dinner, counting carbohydrates in the
meal, and calculating a dose of rapid-acting insulin based
on a given insulin-to-carbohydrate ratio. A week later
students attended a 2-hour clinical pharmacy skills labo-
ratory (approximately 32 students per section), where
they participated in hands-on, active learning, case-based
education. The laboratory included 4 carbohydrate count-
ing exercises, presentation of 4 meal photographs per
laboratory section with discussion, and 10 patient cases
requiring insulin dosing. Each exercise was conducted
through the think-pair-share method.

After completing the 1-hour prelaboratory and 2-
hour clinical pharmacy skills laboratory, students were
expected to have met the following learning outcome
objectives: (1) Comprehension: identify the foods most
likely to increase blood glucose; (2) Application: apply
carbohydrate counting to food labels; (3) Comprehen-
sion: describe the plate method; (4) Knowledge: define
“basal-bolus” insulin regimen; (5) Analysis: compare and
contrast “basal-bolus” regimens to pre-mixed insulin prod-
ucts; (6) Knowledge: define the term “insulin sensitivity
factor;” (7) Knowledge: define the term “insulin-to-
carbohydrate ratio.” The above learning outcome objec-
tives were used through the 2011 fall semester (2013
graduating class). The learning outcomeobjective regard-
ing the plate method (objective 3) was removed from the
module in the fall of 2012 (2014 graduating class) and
inserted into a laboratorymodule occurring later in the fall
semester. Therefore, content regarding the plate method
was also removed from the prelaboratory and laboratory
sections of the 2012 fall module.

The original anthropology background knowledge
probe contained 50 items andwas administered on the first
day of a semester-long course.6 Tested topic items were
recommended by prerequisite and lower-level course in-
structors. Each item consisted of a term (for example “The
Weimar Republic,” “Senator Joseph McCarthy,” or “The
Golden Triangle”), followed by 4 possible answer choices

indicating varying degrees of familiarity, which were
nearly identical for each item. Prior to administering the
in-class, paper-based probe, students were informed that it
was not a test and would not be graded. The results were
used to improve student learning during the semester.6

(Table 1)
Because the background knowledge probewas adap-

ted from a semester-length course to a brief module, the
number of items testedwas decreased from50 to 5. Tested
item topics were selected from and focused on module
objectives and were presented in order of appearance dur-
ing the prelaboratory and laboratory sections and in in-
creasing complexity. The wording of answer choices was
kept as closely as possible to the original anthropology
examples. Tomore accurately translate to applied aspects
of patient care, 1 additional option was added to the first 3
items and 2 additional options were added to the last 2
items. To accurately analyze the anthropology probe,
each answer choice was coded to Bloom’s Taxonomy to
indicate degree of higher order thinking (Table 1). The
first answer choice (“Have not heard of this”) was not
assigned a level of Bloom’s Taxonomy, as it indicates
that no knowledge had been acquired on the topic. The
second and third answer choices were both coded as
“Knowledge,” while the fourth answer choice was coded
as “Comprehension.” The samemethod of coding answer
choices to Bloom’s Taxonomywas applied to the adapted
diabetes probe (Table 2). Two independent individuals,
an education assessment expert, and a course coordinator
skilled in assessment techniques assisted in the coding of
the answers. Answer choices were listed in order of in-
creasing level of understanding. Four 4th-year pharmacy
students participated in cooperative inquiry to validate the
utility of the survey and to ensure accurate interpretation.
The 5-item probe was reformatted as a Vovici online
questionnaire (Vovici Corporation, Herndon, VA), in
which knowledge levels were ranked to represent partic-
ipants’ knowledge of the diabetes term.

All third-year pharmacy students enrolled in the
mandatory clinical pharmacy skills laboratory during
the fall of 2011 and 2012 were e-mailed an informational

Table 1. Anthropology Item with Coded Ranking
Classifications per Bloom’s Taxonomy

“The Weimar Republic”

Have never heard of this (N)
Have heard of it but don’t really know what it means (K)
Have some idea what this means , but not too clear (K)
Have a clear idea what this means and can explain it (C)

None (N)
Knowledge (K)
Comprehension (C)

American Journal of Pharmaceutical Education 2014; 78 (7) Article 140.

3

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

4 
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


letter two days prior to the prelaboratory lecture explain-
ing the voluntary, anonymous nature of participation and
containing a link to the online 5-item questionnaire. The

letter explained that participation in the questionnaire
would not affect laboratory or course grades and would
be used for teaching purposes only, so using outside

Table 2. Student Self-Reported Familiarity with Diabetes Terms Using the Background Knowledge Probe and Coded to Bloom’s
Taxonomya – Number (%)

Term (Bloom’s Taxonomy)
Before
Prelab

Immediately
After Lab

6 Months
After Lab

12 Months
After Lab

Response Rate (n5281 number potential participants) 194/(281-12)
(72.1)

230/(281-12)
(85.5)

203/281
(72.2)

221/281
(78.6)

“Carbohydrate”
Have never heard of this term (N) 1 (0.5) 0 (0) 0 (0) 2 (0.5)
Have heard the term, but do not know what it means (K) 0 (0) 0 (0) 0 (0) 0 (0)
Have some idea what this is, but am not too clear (K) 12 (6.2) 0 (0) 0 (0) 0 (%)
Have a clear idea what this is and can list some examples (C) 75 (38.7) 11 (4.8) 8 (3.5) 15 (6.8)
Have a clear idea what this is, can list some examples,

and can explain how it relates to diabetes (AP)
106 (54.6) 219 (95.2) 195 (96.1) 204 (92.3)

“Plate Method”
Have never heard of this phrase (N) 89 (45.7) 4 (1.7) 0 (0) 2 (0.5)
Have heard the term, but do not know what it means (K) 32 (16.5) 10 (4.3) 0 (0) 0 (0)
Have some idea what this means, but am not too clear (K) 44 (22.7) 34 (14.8) 15 (7.4) 16 (7.2)
Have a clear idea what this means and can explain it (C) 16 (8.2) 39 (16.6) 34 (16.7) 44 (15.9)
Have a clear idea what this means, can explain it, and

could use it in patient care (AP)
11 (5.7) 142 (61.7) 152 (74.7) 159 (71.9)

“Basal-Bolus Insulin Regimen”
Have never heard of this phrase (N) 58 (25.9) 0 (0) 0 (0) 1 (0.5)
Have heard the term but, do not know what it means (K) 62 (31.6) 0 (0) 0 (0) 0 (0)
Have some idea what this means, but am not too clear (K) 52 (26.6) 1 (0.4) 2 (0.6) 3 (1.4)
Have a clear idea what this means and can explain it (C) 13 (6.7) 21 (9.1) 33 (16.3) 38 (17.2)
Have a clear idea what this means, can explain it, and can

develop a basal-bolus insulin regimen (S)
8 (4.1) 208 (90.4) 167 (62.3) 178 (80.5)

“Insulin-to-Carbohydrate Ratio”
Have never heard of this phrase (N) 46 (23.7) 0 (0) 1 (0.5) 0 (0)
Have heard the term, but do not know what it means (K) 51 (26.3) 0 (0) 1 (0.5) 1 (0.5)
Have some idea what this means, but am not too clear (K) 78 (40.2) 1 (0.4) 8 (3.5) 20 (9)
Have a clear idea what this means and can explain it (C) 12 (6.2) 3 (1.3) 30 (14.8) 45 (20.4)
Have a clear idea what this means, can explain it, and

can calculate it (AP)
2 (1) 23 (10) 35 (17.2) 43 (19.5)

Have a clear idea what this means, can explain it,
can calculate it, and could use it in patient care (E)

3 (1.5) 203 (88.3) 141 (69.5) 112 (50.7)

“Insulin Sensitivity Factor” or “Correction Factor”
Have never heard of this phrase (N) 40 (20.6) 0 (0) 1 (0.5) 0 (0)
Have heard the term, but do not know what it means (K) 74 (38.1) 0 (0) 0 (0) 1 (0.5)
Have some idea what this means, but am not too clear (K) 69 (35.6) 5 (2.2) 6 (2.6) 27 (12.2)
Have a clear idea what this means and can explain it (C) 4 (2.1) 1 (0.4) 30 (14.8) 42 (19)
Have a clear idea what this means, can explain it, and

can calculate it (AP)
4 (2.1) 27 (11.7) 30 (14.8) 44 (15.9)

Have a clear idea what this means, can explain it,
can calculate it, and could use it in patient care (E)

2 (1) 196 (85.2) 137 (67.5) 107 (48.4)

a Data collected September 2011 through September 2013 for 2013 and 2014 graduating classes
N- None, K –Knowledge, C –Comprehension, AP – Application, AN – Analysis, S – Synthesis, E – Evaluation
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resources to complete the questionnaire would not benefit
students. The questionnaire was closed and data analyzed
30 minutes before the prelaboratory class lecture. Results
were shared with students during the 1-hour lecture pe-
riod. Students were e-mailed a second, third, and fourth
request to complete identical surveys immediately after
the 2-hour laboratory section, which occurred 1 week
later, at 6 months, and lastly at 12 months, respectively.
Students were allowed 10 days to complete the follow-up
questionnaires and were sent 3 reminder e-mails to im-
prove response rates. The average response rate for each
familiarity statement was calculated for all 4 phases of
measurement.

Data for each familiarity statement consisted of rank-
ing classifications based on Bloom’s Taxonomy. In order
to account for nonparametric trait outcomes, rank trans-
formations were applied to the knowledge responses of
the 5 terms. Using these ranks, a single factor repeated
measures analysis was applied to examine student-
reported familiarity and retention over the 4 time-point
measurements from the prelaboratory through 12-month
follow-up. SASversion 9.4 (SAS Institute, Cary,NC)was
used for all analyses. The project received Institutional
Review Board approval through exempt procedures at
Auburn University.

EVALUATION AND ASSESSMENT
Responses from both graduating classes were com-

bined for analysis to evaluate student learning. A total of
281 third-year pharmacy students were enrolled in the
2011 and 2012 fall course. Twelve student e-mails were
returned in the fall of 2011 during the prelaboratory and
immediate postlaboratory survey due to changes in the
university’s e-mail system. Response rates for each time
point of measurement were 72.1%, 85.5%, 72.2%, and
78.6%, respectively. Results from the student sample
showed a dramatic improvement in self-reported term
familiarity from prelaboratory to each time point assess-
ment after the laboratory, including a shift to higher order
learning per the application of Bloom’s Taxonomy to the
background knowledge probe (Table 2). When changes
in familiarity were coded based on Bloom’s Taxonomy
using a Mann-Whitney-Wilcoxon test, significant in-
creases (p,0.0001) were noted for all 5 terms over the
12-month assessment period when compared to the prel-
aboratory measurement (Table 3). This shift was most
pronounced for more complex terms such as “insulin-
to-carbohydrate ratio” and “insulin sensitivity factor,”
which overlay each other in Figure 1, vs the most basic
term “carbohydrate.” The modest, but still significant,
improvement from prelaboratory with “carbohydrate”
was likely due to a stronger baseline familiarity.

Additionally, loss of knowledge retention was most no-
table with more complex terms. Table 4 denotes change
in knowledge retention over time. Significant knowledge
improvements were noted for all 5 terms from prelab-
oratory through the 12-month assessment point
(p,0.0001). This change in knowledge (per the negative
difference values) demonstrated a steeper improvement
with more complex terms possibly due to a lower
Bloom’s Taxonomy baseline starting point (Table 4 and
Figure 1). Themost basic term, “carbohydrate,” shows no
significant change in familiarity from postlaboratory
through 12 months (p51), indicating no significant loss
of knowledge. On the other hand, themost complex terms
of “insulin-to-carbohydrate ratio” and “insulin sensitivity
factor” demonstrate a significant decline in knowledge
retention (per the positive difference values) when the
assessment time points occurring after the prelaboratory
were compared to each other (p,0.0001). Knowledge
retention for the term “basal-bolus” displayed amore bal-
anced change across the time points with a significant
decline seen when comparing the 12-month assessment
to the postlaboratory (p50.017) and 6-month (p,0.0001)
assessment (Table 4).

Change in knowledge and familiarity with the term
“plate method” exhibited a uniquely different trend over
time. This was the only term with results indicating
knowledge continuing to increase from postlaboratory
through the 6-month follow-up and a non-significant
knowledge decline from the 6-month assessment to the
12-month assessment. Removal of “plate method” con-
tent from the module during the 2011 fall semester and
placing it in a module later in the semester explained this
knowledge change.When the data for “platemethod”was
separated based on year of collection, a stark difference
was noted inWilcoxon scores at prelaboratory, postlabor-
atory, 6 months, and 12months, with the 2013 graduating
class scoring 59.3, 248.2, 221.8, and 214.5, respectively,
and the 2014 class scoring 99.8, 229.3, 313.9, and 307,
respectively. The removal of “platemethod” content from
the module allowed the term to function as a control by
comparing data between the twoyears. This demonstrated
the sensitivity of the background knowledge probe to
capture data differently when term-related education
was removed.

Collectively, this data indicated a significant knowl-
edge gain occurred from the prelaboratory to postlabor-
atory assessment time points, but most dramatically for
more complex terms. Conversely, knowledge regression
was steeper with more complex terms, but was retained
with basic terms. Finally, the probe demonstrated sensi-
tivity to change in knowledge when new information was
gained at later time points.
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DISCUSSION
The highest level of understanding measured in the

anthropology probe, per Bloom’s Taxonomy, regardless
of actual achievement, was ‘Comprehension’ (Table 1).
This limited assessment range may not accurately repre-
sent the true baseline level of understanding occurring at
higher orders. Secondly, as the anthropology knowledge
probe stood, it would be difficult to measure much depth
in understanding improvements for this same reason; thus
the utility of the original probe was further limited for
follow-up efforts to measure changes. While objectives
for the anthropology coursewere unknown, the objectives
for the diabetes laboratory pushed students toward “Ap-
plication” and “Analysis” in addition to lower orders of
understanding. This further supported the importance of
altering the probe to better assess higher orders of under-
standing. For these reasons, it was essential during the
adaptation process of the probe from anthropology to
clinical pharmacy, to add more answer choices to better
measure higher orders of understanding. Furthermore, it
was recommended that instructors strategically map
learning activities, objectives, and learner knowledge
forCATs toBloom’sTaxonomy to stimulate higher-order
thinking.9 While the adapted background knowledge
probe met this need, it failed to specifically measure

“Analysis,” although it did reach “Synthesis” and
“Evaluation.”

The background knowledge probe presented here is
not a traditional multiple choice quiz with one correct
answer in addition to several distractors. Rather, through
the answer selection process, students could reflect and
consider their level of understanding and abilities. Fur-
thermore, completing the background knowledge probe
periodically gave students a way to reflectively consider
improvements in their learning and abilities throughout
the 12-month assessment interval.

Unlikemany studies analyzing knowledge retention,
the present investigation demonstrated a trend in knowl-
edge enhancement at several time points. Other studies
demonstrate immediate increases in student understand-
ing directly following a specific educational interven-
tion16,17 or document knowledge or skill retention from
baseline to a sole second time point months after the ed-
ucational intervention.18,19 Study designs that collect data
at only 2 time points limit the ability to evaluate knowl-
edge retention trends, whereas assessing knowledgemore
often over the same or longer intervals provides more
meaningful data regarding knowledge retention. Two
pharmacy student investigations assessed knowledge re-
tention at 3 time points. Kopacek and colleagues aimed to

Table 3. Single Factor Repeated Measures for Background Knowledge Probe

Wilcoxon Score Standard Error F Statistic df p Value

Carbohydrate
PreLab 293.9 9.5 88.1 3 ,0.0001
PostLab 472.5 8.9
6 Month 476. 9.5
12 Month 459.6 9.1

Plate Method
PreLab 155.3 11.6 240.8 3 ,0.0001
PostLab 472.2 10.8
6 Month 534.4 11.6
12 Month 521.3 11.1

Basal-Bolus
PreLab 121.7 8.5 568.9 3 ,0.0001
PostLab 539.6 7.9
6 Month 513.1 8.4
12 Month 505.8 8.1

Insulin-to-Carbohydrate Ratio
PreLab 121.1 9.9 454.5 3 ,0.0001
PostLab 588.8 9.2
6 Month 523.7 9.8
12 Month 445.3 9.4

Insulin Sensitivity Factor
PreLab 125.5 10.3 413.2 3 ,0.0001
PostLab 587.8 9.6
6 Month 522.7 10.2
12 Month 445.4 9.7
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assess P2 pharmacy student retention of knowledge about
automated external defibrillator use following a didactic
training and simulated experience using identical ques-
tionnaires administered at baseline, 3 weeks, and 4
months following the intervention.20 While significant
improvements were noted in 2 out of 5 knowledge mea-
sures and all 6 performance measures at 3 weeks, the
statistical difference declined to zero knowledge and 2
performance measures by 4 months.20 The authors con-
cluded that the intervention was not sufficient to improve
student knowledge at 4 months, and recommended

incorporating short refresher courses into the curriculum
to enhance knowledge retention.20 Morello and col-
leagues aimed to evaluate P1 pharmacy student confi-
dence and knowledge retention about diabetes self-care
education using a performance case-based knowledge test
administered at baseline, immediately after, and 9months
after the educational intervention, which consisted of lec-
tures, active learning assignments, and workshops.21

While no inferential statistical tests were performed,
the average overall percent correct on the knowledge
test nearly doubled from baseline (39.5%) to the test

Table 4. Difference between Wilcoxon Scores for Time Points of Measurement

Difference (95% CL) p Valuea

Carbohydrate
PreLab PostLab -178.6 (-212.8, -144.3) ,0.0001
PreLab 6 Month -182.1 (-217.4, -146.8) ,0.0001
PreLab 12 Month -165.7 (-200.3, -131.2) ,0.0001
PostLab 6 Month -3.5 (-37.7, 30.6) 1.0000
PostLab 12 Month 12.9 (-20.6, 46.3) 1.0000
6 Month 12 Month 16.4 (-18.1, 50.9) 1.0000

Plate Method
PreLab PostLab -317.0 (-359.0, -274.9) ,0.0001
PreLab 6 Month -379.2 (-422.6, -335.8) ,0.0001
PreLab 12 Month -366.1 (-408.5, -323.7) ,0.0001
PostLab 6 Month -62.2 (-104.2, -20.3) 0.0006
PostLab 12 Month -49.1 (-90.0, -8.2) 0.05
6 Month 12 Month 13.1 (-29.2, 55.4) 1.0000

Basal-Bolus
PreLab PostLab -417.9 (-448.4, -387.3) ,0.0001
PreLab 6 Month -391.4 (-422.9, -359.8) ,0.0001
PreLab 12 Month -384.1 (-415.0, -353.2) ,0.0001
PostLab 6 Month 26.5 (-4.0, 57.0) 0.13
PostLab 12 Month 33.8 (3.9, 63.6) 0.02
6 Month 12 Month 7.3 (-23.6, 38.1) 1.00

Insulin-to-Carbohydrate Ratio
PreLab PostLab -467.7 (-503.5, -431.9) ,0.0001
PreLab 6 Month -402.6 (-439.5, -365.8) ,0.0001
PreLab 12 Month -324.2 (-360.3, -288.1) ,0.0001
PostLab 6 Month 65.1 (29.5, 100.7) ,0.0001
PostLab 12 Month 143.5 (108.7, 178.3) ,0.0001
6 Month 12 Month 78.4 (42.5, 114.3) ,0.0001

Insulin Sensitivity Factor
PreLab PostLab -462.3 (-499.4, -426) ,0.0001
PreLab 6 Month -397.2 (-435.4, -359.0) ,0.0001
PreLab 12 Month -319.9 (-357.3, -282.5) ,0.0001
PostLab 6 Month 65.1 (28.1, 102.0) ,0.0001
PostLab 12 Month 142.3 (106.2, 178.5) ,0.0001
6 Month 12 Month 77.3 (40.00, 114.5) ,0.0001
a p-values are based on the Bonferroni correction for multiple comparisons.
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administered immediately following the educational in-
tervention (85%), but declined by 9 months postinterven-
tion (76%).21 Collectively, both studies indicated that
while knowledge improved as expected immediately fol-
lowing an educational intervention, retention declined
over time.20,21 The more extensive study design of the
present investigation, which used the background knowl-
edge probe at 4 time points (3 following the educational
intervention), more fully illustrated that knowledge de-
cline is not always stable or consistent throughout the time
frame (Figure 1). Certainly, additional investigations are
warranted in the realm of knowledge retention, but in our
study, knowledge did appear to decay at a steeper rate for
more complex terms.

Although the number of terms evaluated with the
adapted clinical pharmacy probe was decreased to 5, com-
pared to the 50 terms evaluated with the anthropology
course, the probe addressed understanding for each key
concept outlined in the module objectives. Use of an
online surveywas likely amore efficient use of technology
than the paper method used for the anthropology probe.
Lastly, providing the survey prior to the prelaboratory
lecture and after the laboratorymodule reserved class time
for course work.

There are 2 drawbacks to using this assessment. First
a considerable amount of time was put towards the

upfront development of the probe, which is comparable
to another investigation in which 71% of instructors
reported more preparation time was needed to develop
active learning teaching efforts.12 Through the translation
of the probe from an anthropology class, time was pre-
dominately devoted to the application of Bloom’s Taxon-
omy and efforts to expand ability to assess deeper levels
of thinking. If adapted for another clinical pharmacy
course, the primary effort would likely be devoted to se-
lection of the key terms, resulting in a relatively short
development stage. Secondly, the probe provided subjec-
tive measurements, which may have varied from student
to student. However, the probe likely has reliable intra-
subject variability,whichwould provide a reasonable pre-
diction of true student change in familiarity.

There are several benefits to using this background
knowledge probe. After the translation process was com-
plete, administering the probe resulted in little impact on
workload. The probe was formatted into an electronic
survey tool, which took minimal effort and would for
anyone using relatively simple and familiar software. It
was easy to implement because students completed the
assessment via an e-mail link. It was only 5 items long and
multiple choice, so it placed little burden on students who
chose to participate. Because it was electronically admin-
istered, analyzing results and returning them to students

Figure 1. Change in Familiarity Over the Two 12-Month Long Assessment Intervals.
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was easy. Finally, because the probe was administered
prior to class, results were analyzed and reported to stu-
dents during the prelaboratory lecture, which also took
little time. The lack of time required to administer this
probe is significant because when asked, most pharmacy
instructors elect not to incorporate active learning or as-
sessment tools into didactic course work because their
belief that it is too time intensive and integrated at the
cost of lecture content outweighs their belief that it im-
proves knowledge retention and student engagement.12

This concern expands beyond pharmacy faculty mem-
bers to nursing faculty members, who also perceive it
as a barrier to implementing critical thinking strategies.22

Instead of conducting the probe as a preclass assign-
ment, one could administer the assessment during the
beginning of class using electronic “clickers,” which pro-
vide instant responses. This method would likely not
detract much time from the lecture, possibly increase
the response rate (assuming all students attend the lec-
ture), and potentially increase student satisfaction, atten-
tiveness, and involvement.23 However, implementation
of an in-class probe utilizing “clickers” would only be
reasonable for the baseline time point and immediate
follow-up measurement.

Adding more time between completion of the probe
and the prelaboratory lecture could allow instructors to
adjust content to target knowledge gaps revealed in the
baseline results. Alternatively, instructors could use
baseline results to adjust laboratory (versus prelabora-
tory) content to target knowledge deficits. However,
course coordinators require faculty members to turn in
content for laboratories several weeks in advance, which
hinders acute adjustment of material. Still, the results
allow for content of future years to focus on past student
deficits in baseline knowledge, which in this case,
appeared to revolve around every term except for
“carbohydrate.”

SUMMARY
The adaptation of an anthropology background

knowledge probe was effectively translated to a clinical,
diabetes-focused, pharmacy skills laboratory using
Bloom’s Taxonomy as a guide. The probe showed im-
provements in and retention of student familiarity and
understanding of 5 diabetes related terms. This is the first
objective assessment measuring knowledge retention us-
ing a CAT-designed background knowledge probe.
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