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Objective. To investigate whether prior knowledge or reactivated marginal knowledge alone is sufficient for student pharmacists to transfer foundational science content to pharmacy application.
Methods. In two experiments, transfer of foundational science knowledge was examined. Far transfer
was examined by investigating the relationship between prior knowledge of chemistry and physiology
to pharmacokinetic application. Near transfer was examined by investigating the relationship between
foundational physiology content and its application to pharmacy. Participants completed fill-in-theblank (FIB) items to assess accessible prior knowledge. Half the participants also received multiplechoice formats of the FIB questions to assess stored well but not readily retrievable information.
Participants then answered application-type questions.
Results. Participants were more successful in correctly answering multiple-choice questions than FIB
questions. Participants could not apply stored and accessible nor stored but inaccessible knowledge in
the far transfer condition (pharmacokinetics application). Participants were more successful in applying foundational science knowledge to the near transfer condition (pharmacy application of physiology)
Conclusion. This study suggests some students may be able to transfer their prerequisite knowledge to
pharmacy application, but most students probably cannot successfully transfer without formal instruction. In addition, reactivating the foundational knowledge through multiple-choice testing has been
shown to be sufficient to cause retention of the knowledge, but this seems to be an insufficient stimulus
to allow for transfer to occur. What this confirms is that even if students have the prior knowledge,
transfer cannot be assumed to be an automatic process and probably requires specific instruction.
Keywords: transfer, prior knowledge, marginal knowledge, physiology, pharmacokinetics

of this study was to investigate the role of prior knowledge
and its accessibility (ie, generate a response when needed)
in the transfer of learning.
Faculty members must help learners overcome three
types of knowledge transfer issues that learners may face:
moving from prior knowledge to new learning; from new
learning to new situations (ie, preparing for future learning); and from learning to application (ie, clinical practice).3 Learning refers to the ability to acquire, retain,
retrieve, and apply information to solve future problems.4
The ability to apply knowledge and skills to a future or
novel problem is referred to as transfer. In graduate or
professional education, transfer depends on the foundational knowledge obtained through prerequisite education. For PharmD programs, as well as other health
professions curricula, a substantial amount of prerequisite
coursework is required for matriculation and a significant
portion of this coursework is in the foundational

INTRODUCTION
While pursuing a health professions education, students must attempt to take their current knowledge into
new learning environments and use that information to
solve patient-related problems. An inability to apply
knowledge to a new situations may be the result of a lack
of prior learning (ie, they never knew it), an inability to
access prior knowledge because of disuse (ie, be in a “tip
of a tongue” state), the features of the patient-related
problem itself (ie, they do not recognize the underlying
problem), or an inability to reason through a novel application of previously acquired knowledge.1-3 The purpose
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sciences (eg, physiology, chemistry, math). The science
coursework includes a broad scope of knowledge, which
must then be more narrowly applied within the graduate
or professional program. This ability to utilize previous
concepts to solve more focused and specific problems can
be challenging for students. Similarly, identifying ways to
help students’ access and transfer that knowledge is also a
challenge for instructors.
In this study, we examined both near and far transfer
problems. The transferability of knowledge depends on
the features of a problem. These features could be in close
similarity to the original problem where learning initially
occurred, which is referred to as near transfer. Problem
features could also be more dissimilar to the original problem, which is referred to as far transfer. Near transfer
occurs more readily when a problem looks the same as
a problem encountered in prerequisite coursework, or
when a problem looks different but contains the same
structural features as the previously encountered problem.1,5 Many educators hypothesize that learners will successfully achieve near transfer with high frequency. Far
transfer requires a deeper level of understanding to
connect and apply previously learned knowledge to a
never-before-seen situation.1,5 The surface and structural
features of a problem may rest outside of those seen by the
student previously, and therefore far transfer is required
for problem-solving.1 One goal of graduate and professional coursework is for students to achieve both near and
far transfer for further application of knowledge in a professional setting. In this study, near transfer was examined
in the context of the link between foundational physiology
knowledge and “pharmacetized” physiological application. Far transfer was explored in terms of the link between foundational chemistry and physiology content and
pharmacokinetic problems.
We designed this study to examine students’ ability
to transfer knowledge that has a high storage strength and
high retrieval strength, as well as their ability to transfer
reactivated marginal knowledge, ie, knowledge that has a
high storage strength but low retrieval strength. Failure to
transfer knowledge may have several root causes, but one
reason that is often neglected is the student did not learn a
concept initially, or the student learned the concept initially but cannot access that information when necessary.1,3 Forgetting can occur quickly after learning.6
This results in differences in the retention and accessibility of stored knowledge (ie, how easily it can be retrieved). Knowledge may be stored well (ie, high
storage strength) or stored poorly (ie, low storage
strength), and that knowledge may be readily retrievable
(ie, high retrieval strength) or poorly retrievable (ie, low
retrieval strength).7 Instructors expect students who pur-

sue graduate and professional level education to have prerequisite knowledge with high storage strength and may
assume that students’ knowledge has high retrieval
strength as well. However, their retrieval strength will
likely be low because of lack of recent use of that knowledge, ie, it may have been several years since the learner
completed the prerequisite courses. As defined above,
marginal knowledge is knowledge that has high storage
strength but low retrieval strength. A goal of the instructor
is to reactivate and stabilize the student’s ability to retrieve that knowledge, and then subsequently build upon
that knowledge with a more focused approach on its application in the profession. Currently, the only documented method for stabilizing access to this marginal
knowledge is through multiple-choice testing.8-10
Taken together, the present study seeks to explore
whether students can spontaneously transfer prerequisite
knowledge to solve physiological problems and basic
pharmacokinetic problems, and whether their retrievability strength influences that ability. Findings from this
study may be helpful in designing graduate and professional courses by providing information on potential
sticking points in students transferring their knowledge
to pharmacy application.

METHODS
The participants in experiment 1 were student pharmacists enrolled in a foundational pharmacokinetics
course in the second semester of their first year. Prior to
this course, the student pharmacists had completed a
three-week intensive Pharmacy Bridging Course (PBC),
which reviewed selected foundational concepts in chemistry, biochemistry, and physiology.11 Students had also
completed courses in pathophysiology and a molecular
basis for drug action (ie, medicinal chemistry) prior to
taking the pharmacokinetics course.
A different cohort of student pharmacists, enrolled in
the PBC, participated in experiment 2. The two cohorts of
student pharmacists were similar in terms of admissions
criteria. Prior to enrolling, student pharmacists were required to have taken prerequisite courses through Organic
Chemistry II as well as one semester of anatomy and
physiology.
In experiment 1, a 25-question assessment consisting
of 10 fill-in-the-blank questions regarding foundational
knowledge about chemistry and physiology was used that
directly related to the pharmacokinetic course content and
were previously covered in the PBC they had just completed. For five of the 10 fill-in-the-blank questions, there
was a “sister” multiple-choice question, ie, a multiplechoice version of the fill-in-the-blank question (Appendix
1). The multiple-choice questions served to reactivate
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student pharmacists’ marginal knowledge. Each multiple-choice question had three answer choices and directly
followed the respective fill-in-the-blank question. The
five multiple-choice-questions were counterbalanced,
ie, half-the class received multiple-choice versions of
questions 1 through 5 while the other half received multiple-choice versions of questions 6 through 10. The experimental condition consisted of those questions with the
multiple-choice versions (to reactivate marginal knowledge) and the control condition consisted of the questions
that did not have the multiple-choice version. The remainder of the assessment consisted of 10 pharmacokinetic
application questions (eight fill-in-the-blank and two
multiple-choice questions) that aligned with the foundational chemistry and physiology questions. The mixture
of question types was consistent with the format of the
course assessments This assessment occurred on the first
day of class in the Pharmacokinetics course (second semester, first year). The assessment was administered
using ExamSoft (ExamSoft, Worldwide, Dallas, TX)
without backward navigation (ie, students saw the fillin-the-blank question first and then the multiple-choice
version of the same question, but could not go back to
change answers). During the final examination (administered about 15 weeks later), these 10 pharmacokineticsrelated questions were repeated but in a paper-and-pen
format.
Experiment 2 followed the same procedure as experiment 1 except it occurred on the first day of the Pharmacy
Bridging Course and the final examination was administered three weeks after the initial test. In this second experiment the assessment was 50-questions that included
20 fill-in-the-blank questions regarding foundational
knowledge about physiology, which students were supposed to have covered in required prerequisite courses
prior to entering the PharmD program This assumption
was based on a review of several undergraduate syllabi.
This assessment included 10 multiple-choice versions of
the fill-in-the-blank questions, each with three answer

choices, ie, the respective multiple-choice question directly followed its sister fill-in-the-blank question. Like
in experiment 1, these questions were counterbalanced
within the participants. The assessment ended with 20
application questions, 16 multiple-choice questions (each
with three answer options), and four fill-in-the-blank
questions. These questions could be linked backwards
to other content on which students had been tested, and
the mixture of question types was consistent with the
format of the course assessments. The procedure for both
experiments is outlined in Figure 1.
This study had a within-subjects design. Paired t tests
were performed to compare the control to the experimental conditions (IBM SPSS Statistics for Windows, Version 24.0, Armonk, NY). Performance on the applied
questions was conditionalized for correct responses on
the fill-in-the-blank and multiple-choice responses, and
odds ratios were calculated. When appropriate, Cohen d
was used to calculate an effect size. Significance was set at
p,.05. This study was approved by the University of
North Carolina at Chapel Hill’s Institutional Review
Board.

RESULTS
The conditions, meanings of each condition, and results are presented in Table 1. We first assessed the student’s ability to successfully retrieve assumed prior
knowledge from prerequisite course work (Table 2). In
experiment 1, the average grade was 36% (SD517%) and
there was no significant difference between the control
and experimental conditions. In experiment 2, the average
grade was 23% (SD529%) and there was a small significant difference between the control and experimental
conditions (d5.20). In both cases, about 65% to 75% of
the tested information appeared to be forgotten, never
learned, or inaccessible.
We then assessed the students’ ability to correctly
answer multiple-choice versions of prerequisite knowledge (Table 3). In experiment 1, performance on the

Figure 1. Diagram of Study Design. Participants had to generate a response on the foundational science material. Half the material
was available as multiple-choice questions (MCQ) to reactivate marginal knowledge. The transfer tasks were either fill-in-theblank or multiple-choice questions (MCQ).
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Table 1. Interpretation of Experimental Conditions and Summary of Study Results. Fill-in-the-blank tests the ability to generate a
correct response to the foundational science content (stored and retrievable). Multiple choice tests storage and attempts to
reactivate accessibility (ie, marginal knowledge)
Fill-in-the-blank
Response

Multiple-choice
Response

Condition

Correct

——

Retrieval success

Incorrect

——

Retrieval failure

Incorrect

Correct

Incorrect

Incorrect

Reactivated marginal
knowledge
—

multiple-choice test was well above chance (33% with
three response options). The correct answer was almost
always selected when the student had initial retrieval success (ie, their response to the fill-in-the-blank question was
correct) (odds ratio54 [95% CI: 2.5-6.4] [p,.001]). If
students had retrieval failure, they still performed fairly
well on the multiple-choice version of the question. This
suggested that students could recognize the correct response but could not generate the correct response, which
is indicative of marginal knowledge (information has high
storage strength but not readily retrievable). Thus, immediately prior to the course, students could produce answers
for only about 35% of content required for their upcoming
course; around 50% was marginal knowledge in that they
were able to recognize it, and the remaining 15% likely
represented new learning. These percentages would be
consistent given students reviewed much of this information a few months prior to this assessment.
In experiment 2, student performance on the multiple-choice test was well above chance (33% with three

Condition

1 (Far Transfer)

Control
Experimental
Control
Experimental

2 (Near Transfer)
a

Participants had retrievable knowledge.
Increased potential for near transfer, but unlikely to
significantly influence far transfer success.
Participants did not have retrievable knowledge. They
either had no knowledge or marginal knowledge.
Decreased potential for transfer.
Participants had retrieval failure but could recognize
the correct response.
Increased potential for near transfer only.
Participants had no prior knowledge or were
unsuccessful in reactivation..
No potential for transfer

response options). The correct answer was almost always
selected when the student had prior retrieval success
(odds ratio 5 17 [95% CI: 11.3-26.2] (p,.001)). If students had prior retrieval failure, they performed slightly
better than chance on the multiple-choice items. Thus,
immediately prior to the course, students could produce
only about 20% of content required for their upcoming
course; 56% was marginal knowledge in that they were
able to recognize it, and the remaining 24% likely represented new learning. This suggests a large part of the
content was indeed review versus new learning. The review of previously learned concepts, rather than new
learning, is the goal of the Pharmacy Bridging Course.
We then asked whether students could transfer
their foundational knowledge to novel situations such as
pharmacokinetics (far transfer) or to pharmacy-related
application of physiology (near transfer) (Figure 2). Experiment 1 tested for far transfer effects and found no
significant difference between conditions (M547% vs
48%) (Figure 2A). When students had a prior retrieval
success, there was no significant difference in performance on the kinetics questions compared to when they
had prior retrieval failure (M552% vs 46%, d5.20,
p5.073) (Figure 2A). In summary, prior knowledge (or
lack thereof) did not impact student’s ability to answer
application questions.
In experiment 2, the near transfer study, there was a
significant difference in results between control and experimental conditions (M547% vs 52%, d5.20, p,.016)
(Figure 2B) but this probably is a function of the difference in their baseline knowledge assessment. When students had prior retrieval success, they performed much
better on the applied physiology questions than if they had

Table 2. Performance on the Fill-in-the-Blank Questions on
the Foundational Science Content. Data presented as mean
percentage correct and standard deviation. Experiment 1 was
the far transfer condition (foundational science to
pharmacokinetics) and Experiment 2 was the near transfer
condition (foundational physiology to application question)
Experiment

Meaning and Study Results

Mean (SD)
36 (21)
37 (22)
21 (17)
25 (18)a

p,.05 vs control
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Table 3. Performance on the Multiple-Choice Questions. Data
presented as mean percentage correct and standard deviation.
Data presented as a total and conditionalized on whether
students got the fill-in-the-blank question correct or incorrect
Experiment

Condition

1 (Far Transfer)

Total
Fill-in-the-blank CORRECT
Fill-in-the-blank INCORRECT
2 (Near Transfer) Total
Fill-in-the-blank CORRECT
Fill-in-the-blank INCORRECT

a

Mean
(SD)
78
91
71
56
93
44

(19)
(23)a
(27)
(16)
(21)a
(18)

p,.05 vs incorrect on the fill-in-the-blank

prior retrieval failure (M568% vs 44%, d5.73, p,.001)
(Figure 2B). That is, students could apply their knowledge
to basic physiological problems with a moderate effect
(.2,d,.7).
While the previous questions asked whether students
could apply their knowledge (knowledge that was both
stored and retrievable), our next question was, can students apply their newly reactivated marginal knowledge
(Figure 2). For students’ knowledge that had a high storage strength but low retrieval strength (ie, marginal
knowledge), we stabilized access to this information (ie,
reactivated) with the multiple-choice questions. In experiment 1, given an initial retrieval failure, the chance to
answer the question in multiple-choice format did not
improve performance on the kinetic application questions
(M545% vs 49%) (Figure 2A). Furthermore, there was
no benefit of answering the multiple-choice question correctly or incorrectly (M549% vs .46%) (Figure 2A).
Thus, students could not apply their marginal knowledge
to solve pharmacokinetic questions.
In experiment 2, for the reactivated marginal knowledge questions, we again compared that performance to
both the control group and to questions that were incorrect
on the multiple-choice format after initial retrieval failure.
Compared to the control group with initial retrieval failure, a chance to answer the multiple-choice version did
not improve performance on the application questions
(M543% vs 46%) (Figure 2B). However, there was a benefit of successfully answering the multiple-choice question
correctly compared to incorrectly (M553% vs 40%,
d5.31, p,.001) (Figure 2B). Thus, students could apply
their marginal knowledge to solve near transfer problems.
At the end of the semester, after formal instruction,
we hypothesized that students should be more successful
in applying their information to solve problems. Thus, in
each experiment, these questions were included on the
final examination. In experiment 1, there was a significant
improvement in performance for the control condition

Figure 2. Proportion Correct on the Transfer (Application)
Tasks: (A) Far transfer condition (Experiment 1) and (B) Near
transfer condition (Experiment 2). CTL5control,
EXP5experimental group receiving multiple-choice questions, FIB5fill in the blank, MCQ5multiple-choice question.
Retrieval failure means students could not generate the correct
response on the fill-in-the-blank questions on the foundational
content. *5p,.05 vs respective comparator (white bars). Data
presented as mean and standard deviation.

(M547% vs 78%, p,.001) (d51.0) and experimental
condition (M547% vs 78%, p,.001) (d51.1). However,
there was no difference between the control and experimental conditions on the final examination. Students with
initial retrieval success scored the same as those with
initial retrieval failure (M578% vs 79%, p5.67). Students successful on correctly answering the multiplechoice questions were not significantly different than
those who were incorrect (M577% vs 74%, p5.48).
While instruction improved performance, prior knowledge or reactivated marginal knowledge was not influential in far transfer conditions.
In experiment 2, there was significant improvement
after instruction for both the control group (M547% vs
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83%, p,.001) (d51.7) and the experimental group
(M552% vs 86%, p,.001) (d51.7). There was a small
difference between the control and experimental conditions on the final (M584% vs 86%, p5.048, d5.16),
which is probably a function of differences at baseline
for knowledge between conditions. Students with initial
retrieval success scored better than those with initial retrieval failure (M590% vs 84%, p,.001) (d5.32). Students who successful answered the multiple-choice
questions correctly were not significantly different than
those who were incorrect (M587% vs 83%, p5.067)
(d5.15). Again, instruction improves performance on application, but in this case, prior knowledge may have had
some influence.

At the end of the semester, students were retested on
the material they encountered on the first day of class.
Students could successfully answer the near (Experiment
2) and far (Experiment 1) conditions after formal instruction on the topic. The success of applying the information
seemed to be independent of their initial knowledge base.
This is one of the first studies examining the transferability of foundational science knowledge to pharmacy
application, particularly with the transferability of marginal knowledge. A challenge of the study is the guesswork required to establish potential prior knowledge. This
is especially true for experiment 2. Given the variability
of prerequisite course content, identifying content that
students should have learned is challenging. This was
seen with the low performance on fill-in-the-blank questions. This was less of an issue in experiment 1 because
the content of the Pharmacy Bridging Course was known.
The challenge in experiment 1 was generating application
questions that aligned well with the foundational knowledge. Besides the experiment-specific challenges, there
are two potential limitations to this study. First, we did not
establish that marginal knowledge was reactivated by the
multiple-choice questions; instead, we assumed it was
reactivated based on prior research. Prior research from
our laboratory established that in the classroom setting,
multiple-choice testing can stabilize students’ ability to
access marginal knowledge for a few weeks at minimum.9
Second, the application format in the two experiments
was different, with experiment 2 having a higher fraction
of multiple-choice questions. The study was conducted
this way because the format is part of how the course is
offered. Ideally, the format should be more comparable.
There are several implications for these findings.
First, transfer is difficult for students, and successful learning in prior course work does not guarantee that this information will be remembered over the long-term because
students rapidly forget content if they do not continue to
use it.12-15 This problem occurs even if material was
learned well initially.16-18 The second implication is that
this information may not be completely forgotten. The inability of a student to generate a response may mean it is
temporarily inaccessible. As such, it may be prudent for
instructors to use a multiple-choice pre-assessment of students’ prior knowledge to increase their ability to access
this knowledge. The final implication is that knowledge is
an important factor in transfer, but by itself is insufficient.
Formal instruction that deepens understanding and teaches
application is most likely needed to help students apply
their knowledge to the relevant pharmacy concepts.
From a practical viewpoint, instructors can do several
things to promote transfer to learning. One potential model
to help with transfer is the Knowledge-Learning-Instruction

DISCUSSION
This study examined students’ ability to transfer
foundational, prerequisite knowledge and skills to pharmacy application. In experiment 1, we examined the
ability of students to apply foundational concepts in
chemistry and physiology to pharmacokinetics, a far
transfer condition. Students were unsuccessful in applying their foundational knowledge to a far condition. In
experiment 2, we examined the ability of students to
apply physiology concepts to pharmacy application of
physiological concepts, a near transfer condition. Students with readily retrievable foundational knowledge
(ie, those who were correct in the fill-in-the-blank questions) were more likely to successfully transfer knowledge to near situations compared to students who had
non-retrievable foundational knowledge. However, this
was a moderate effect. Together, this indicates that students having sufficient baseline knowledge is insufficient for successful far transfer of that knowledge but
may be helpful for near transfer.
Our findings suggest that a multiple-choice question
may be a sufficient stimulus to reactivate marginal knowledge in student pharmacists and potentially allow the
learner to use that information for near transfer tasks.
We wanted to know if we increased the accessibility of
stored knowledge, could students use this reactivated
knowledge and apply it. Students who had their foundational knowledge reactivated by the multiple-choice
questions were unlikely to apply that information successfully in the far transfer condition but showed some
ability in the near transfer condition. That is, students
who could not recall the foundational material on the
fill-in-the-blank questions but were correct on the multiple-choice version of the questions could have that information reactivated through the multiple-choice answer
but still struggled to apply that information under more
challenging circumstances.
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Framework.19 This model defines three learning processes:
memory and fluency; induction and refinement; and understanding and sensemaking. Each process has associated
instructional principles. As an example, memory and fluency can utilize spacing of practice and testing to increase
long-term retention of knowledge and accessibility (ie, fluency). To start though, learners must ensure they have the
prior knowledge and that prior knowledge is accessible (ie,
retrievable). Baseline multiple-choice questions can both
assess knowledge and reactivate the inaccessible knowledge. This may be followed by some remediation to ensure
core concepts are well understood. Induction and refinement can be developed with feedback and worked examples. Ideally, learners should be seeing problems from a
variety of perspectives, such as using the same drug knowledge to answer a pharmacotherapy question, a medicinal
chemistry or pharmacology questions, and a pharmacokinetics question. By solving a variety of problems, students
can learn to generalize their knowledge and skills, making
them less dependent on context (ie, a specific class or
course). Finally, understanding and sense making is facilitated with self-explanation and accountable talk (ie, encouraging students to be accountable to accurate
knowledge, rigorous reasoning, and the classroom community). This can be functionalized through peer-teaching
strategies (ie, collaborative or cooperative learning) such
as problem-based learning or team-based learning to name
a couple.
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CONCLUSION
Overall, the results of this study suggest that while
some students may be able to transfer their prerequisite
knowledge to pharmacy application, most students probably cannot successfully without formal instruction. In
addition, reactivating foundational knowledge through
multiple-choice testing has been shown to be sufficient
to cause retention of the knowledge, but seems to be an
insufficient stimulus to allow for transfer to occur. What
this confirms is that even if students have the prior knowledge, transfer cannot be assumed to be an automatic process and probably requires specific instruction.
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Appendix 1. Example Questions for the Two Experiments. Experiment 1 [(far transfer condition) (transferring from foundational
science content to pharmacokinetics)]. Experiment 2 [(near transfer condition) (transferring from foundational physiology
knowledge to application of physiology)].
Experiment

Fill in the Blank

1

The primary way the lung and
respiration system prevent
blood from getting too acidic is
to______.

2

Most digestion occurs in this
segment of the small
intestine?

Multiple Choice

Application

The primary way the lungs and KF is undergoing a very long surgery under
respiratory system prevent
general anesthesia. She is being
blood from getting too acidic
administered isoflurane by inhalation.
is to:
This drug is cleared by the liver and
A. HYPERventilate
pulmonary excretion. During surgery, KF
B. HYPOventilate
undergoes metabolic acidosis due to
C. Reabsorb bicarbonate
hypoperfusion and lactic acidosis. What
will happen to the clearance of isoflurane?
____
Most digestion occurs in this
JK receives a roux-en-y gastric bypass,
segment of the small intestine.
which requires a small pouch being made
A. Duodenum
in the stomach and the mid-jejunum being
B. Jejunum
attached to this newly formed pouch.
C. Ileum
What would be the result of this surgery in
terms of digestion, or nutrient absorption?
JK would be at risk for
A. constipation
B. vitamin and mineral deficiencies
C. intestinal bacterial depletion
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