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ABSTRACT. This paper reviews the utility of cognitive and educational
psychology to improve pharmacy teaching and learning. Emphasis is
placed upon the formation of cognitive schema, development of expertise,
transfer of learning and metacognitive skills. Using these few principles,
students’ motivation to learn should increase and make them lifelong
learners while improving pharmacy teaching. [Article copies available for
a fee from The Haworth Document Delivery Service: 1-800- HAWORTH. E-mail
address: <docdelivery@haworthpress.com> Website: <http://www.Haworth
Press.com> © 2006 by The Haworth Press, Inc. All rights reserved.]
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INTRODUCTION

Cognitive and educational psychologists have provided useful theories
and applications for educational curricula, teaching strategies and assess-
ments; however, our review of pharmacy journals found few published
articles that explicitly relate cognitive and educational psychology to
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pharmacy teaching. To make pharmacy students better learners and im-
prove teaching strategies for faculty, this paper addresses the develop-
ment and utility of cognitive schema, the development of expertise,
transfer of learning and metacognitive processes. This primer reviews
some studies to familiarize pharmacy faculty with typical cognitive re-
search and provide examples of their use in a pharmacy program.

FORMATION OF LONG-TERM MEMORY

Some pharmacy programs and practices are erroneously constructed
from the “package” metaphor of teaching and learning. This design sug-
gests that knowledge and skills offered at one level or course is stored in-
tact, to be retrieved later upon demand. It is quite common that didactic
material that is taught in the early years of a pharmacy curriculum is ex-
pected to be retrieved intact during advanced practice experiences. The
package metaphor largely ignores key research that cognitive psycholo-
gists have conducted in the past twenty years. This research shows that
cognitive processes are very dynamic. Instead of storing messages, infor-
mation and experiences intact, students solve problems based upon an ac-
tive process of interpreting new information in light of what is already
known.

An example of this was shown by Bartlett (1) et al. They investigated
long-term memory formation by presenting participants with information
and then assessing their recall at various time intervals. Adults read a folk
tale and recalled it immediately, after three months and after one year.
The results showed that the subjects not only forgot information from the
folk tales that did not make sense to them, but also added information that
was never in the original passage. There were notable patterns in what
was recalled as the time interval increased, which seemed to match pat-
terns of the adults’ prior experience. This early experiment provided evi-
dence that long-term memory consists of an active construction process
and uses prior knowledge in the recall of learned information. These
“packages” of knowledge are placed into schemas which become dis-
torted over time and constantly need to be assessed and reinforced.

SCHEMA

Across a wide array of learned content, research has demonstrated
that information in our long-term memory is organized into “schema.”
Schemas are knowledge structures that represent repeated patterns of
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experiences (cognitive as well as behavioral). These actively formed
structures consist of long-term memory “slots,” with each slot holding a
place for distinctive features of the repeated experience. It is like putting
knowledge and behaviors into mail slots. Each mail slot is a destination
that facilitates recall. Dooling and Lachman (2) demonstrated this by
merely presenting a title to an ambiguous passage before reading the
passage. The title activated the reader’s schema. Subjects who were
given the title recalled significantly more of the passage than those who
did not know the title. Once a schema is constructed, students can pro-
cess stimuli rapidly and accurately, recall prior learning experiences,
and act upon incomplete information in a predictable manner.

Schema use past memories to dictate future behavior. An example of a
behavioral schema would be riding a bicycle. Once a person learns to ride
a bicycle, they can get on any two-wheel vehicle and have a good chance
of riding it successfully even though they have not ridden it before. A
practical application of this concept is seen in the Self Care module of
Pharmacotherapeutics at the Nesbitt School of Pharmacy. The QuEST
Scholar technique is taught to the students so they can recommend over-
the-counter products (OTC). This technique uses a mnemonic device in
which each letter represents a different question to ask a patient. After
continued practice, the students develop a schema to answer OTC ques-
tions. In subsequent courses, advance practice experiences or after gradu-
ation, they can listen to the patient’s problem, ask questions to gain
additional information and then make a sound recommendation on an
OTC product or refer the patient to another health care provider.

Schemas also allow students to correctly act upon incomplete informa-
tion to maximize their cognitive efficiency by facilitating inferencing.
For example, if a student had a well-developed schema for self-care of
dermatology, and then was confronted with an incomplete case present-
ing itself as a rash, they should readily infer the symptomology and the
medications that would be most useful to the patient. Therefore, schema
affects perception, recall and inferential processing (1-3). The student
could quickly determine, in this example, that the patient has an itchy poi-
son ivy rash, and could recommend appropriate OTC therapy for this
case. As students become more proficient in using their schema, they de-
velop an expertise in an area.

EXPERTISE

Psychological development research provides insights into expertise
in adults. The study of expertise helps in the understanding of the rela-
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tionship between acquiring knowledge and skills and application of
those skills to a specific context. The typical research paradigm requires
experts and non-experts to recall or respond to information or an experi-
ence that is both within their area of expertise and outside. The typical
results show that experts excel within their domain but not outside. For
example, physics experts and college students were asked how they
would solve physics problems. The experts consistently referred to
principles appropriate to the problem, the rationale for the principles
and how the principles could be applied. Non-experts, i.e., college stu-
dents, did not rely upon such organized knowledge, but described equa-
tions they would use and how to solve the equations (4, 5).

In another study that showed that experts organize their knowledge
by principles whereas novices organize by surface features, Chi, Fel-
tovich and Glaser (6) showed that physics experts sorted problems,
written on index cards, according to the principles needed to solve the
problems such as the principle of the conservation of energy. The nov-
ices in the study focused only on the problems instead of the principles
needed to solve the problem. With pharmacy students, a novice tends to
focus on one drug, disease and mechanism at a time in a patient’s case
while a more advanced student views the whole patient and all the inter-
actions with drugs and medical conditions. An expert or mature learner
applies their knowledge wholly to a problem unlike a novice learner that
applies knowledge linearly or step by step to problems.

Initial cognitive research examined developmental differences be-
tween children and adults. Children routinely recall far less than adults
when they respond to memory tests. Psychologists initially thought this
meant that children have less cognitive capacity or less space to store
memories. However, researchers demonstrated notable difference in
cognitive patterns when asked to perform memory tasks within a typical
childhood knowledge area. Chi (7) set up an experiment in which adults
and children briefly observed chess pieces in either randomly placed
positions or placed during a chess game, and then the pieces were re-
moved from the board. The task was to put the chess pieces back in their
correct position. Adults without chess experience were compared to
10-year-old chess experts. The 10-year-olds were much better in replac-
ing the chess pieces representing a chess game, but performed at signifi-
cantly lower levels when recalling the randomly placed pieces. The key
point found in this experiment was that expertise is context dependent.
Experts apply higher-level thinking skills within relatively narrow do-
mains of knowledge. Such experts depend upon schematic patterns to
systematically process and act upon stimuli in a very efficient manner
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(8). Expertise research is rich with examples from diverse areas such as
physics (9), radiology (10) medicine (11), chess (12) and figure skating
(13). These studies demonstrated that experts exhibit several valuable
characteristics. They notice features and patterns that novices miss,
have organized networks of schema that represent information in depth,
can recall information with little effort or attention and approach chall-
enging situations with flexible strategies (3).

Experts have been “conditioned” to recognize the contexts in which
to apply their knowledge and skills. Bransford, Brown and Cocking (3)
noted, “Expert’s knowledge cannot be reduced to sets of isolated facts
or propositions but, instead, reflects contexts of applicability: that is,
the knowledge is ‘conditionalized’ on a set of circumstances.” To con-
ditionalize or to make experts out of students, pharmacy knowledge and
skills must be developed in applicable contexts.

INSTRUCTIONAL IMPLICATIONS OF SCHEMAS
AND EXPERTISE

To develop schemas and expertise in the practice of pharmacy, read-
ings, lab experiences and lectures should be organized to emphasize the
distinctive features and patterns necessary for learning pharmacy content
and skills. Schemas will form by students recognizing these patterns
through numerous examples. Instructors should present examples drawn
from their respective pharmacy fields, asking students to focus their at-
tention on the distinctive features of those examples. These carefully stru-
ctured learning experiences should be distributed over several semesters.

Faculty should teach skills with “pedagological content knowledge”
or stated another way, knowledge of how to teach the content. Phar-
macy faculty may know the content but may not know how to teach the
content. If the faculty member does not know how to teach a subject or
lacks pedagogical content knowledge, it is difficult for the student to de-
velop expertise in the field. The student cannot correctly put knowledge
and behaviors into schema to use later. Strong pedagogical content
knowledge suggests to the instructor common challenges students have
in learning the topic and how to help them address these challenges
through curriculum and instructional strategies (14-16).

Students should be checked to see if they can differentiate between
correct examples and similar non-examples. In the context of a therapeu-
tics course, this can be as simple as classifying medications into their
proper pharmacological class. Even though ceftizoxime, ceftriaxone and
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cefuroxime are all cephalosporins, each one has its own uses and dosage
forms. Students need to differentiate between them and understand that
one is the correct example and the others are similar non-examples when
applied to a patient’s case.

It is important that faculty inquire about students’ prior knowledge be-
fore teaching new information. Instructors need to look for misinformed
beliefs and shifts in emphasis and distortion of knowledge. As stated be-
fore, long-term memory distorts with time. These misunderstandings
may interfere with the students’ development of their expertise in an area,
which decrease their efficiency and accuracy to solve problems.

Early identification of erroneous beliefs and skills is essential to pre-
vent students forming incorrect schema that may be quite resistant to
change. Well-formed schema are automatically processed and thus
largely unconscious (17). Students may overcome erroneous schema by
first recognizing their errors and then using self-assessments to monitor
their future thinking.

CONCLUDING REMARKS ON SCHEMA
AND EXPERTISE

Cognitive processes are very dynamic. Learning and recall from long-
term memory is organized into schema, and experts have well-devel-
oped knowledge networks that increase their accuracy and efficiency.
Instructors should continue to develop students’ schemas and check for
disbeliefs on a frequent basis. Giving multiple examples in a topic, al-
lowing the students to practice and providing constructive feedback
help the student develop their schema and expertise in a field. This is
extremely important in making a student a lifelong learner. Solving
problems cannot be overemphasized here. Giving students many oppor-
tunities to practice and think independently will help them solve prob-
lems that they are confronted with later. To facilitate student learning, it
is more important to allow the students to apply knowledge than it is to
simply give it to them.

TRANSFER OF LEARNING AND METACOGNITION

The focus of several areas of cognitive research is to improve stu-
dents’ lifelong learning and study strategies. Research on transfer of
learning and metacognitive processes provides clear principles on im-
proving learning and studying.
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TRANSFER OF LEARNING

Transfer of learning is defined as the learning of ideas and skills in
one context and demonstrating them in another (18). Transfer of learn-
ing may be within the same course, in a different course or after gradua-
tion. Quite often, first year pharmacy students are taught a technique or
method and are expected to it use again throughout pharmacy school.
Even though some of these students do well in the course, they act as if
they have forgotten the concept when asked to apply it to another
course.

Academic requirements that seem reasonable and are designed to
foster transfer are not always effective. For example, many years ago,
Latin was a popular subject in high school. At that time, the rationale for
studying Latin was to develop mental discipline of the mind, a type of
cognitive skill that would be useful in other classes and postsecondary
education. However, there is little research evidence for general transfer
of cognitive skills. Specifically, learning Latin does not help with prob-
lem solving or logic (19), but it may help make learning other similar
languages or words easier. Transfer of learning and its utility should not
be overextended.

In an early experiment investigating transfer of learning, Hendrick-
son and Schroeder presented participants with two different learning con-
texts. They were investigating which contexts lead to learning in a new
situation. In the study, the accuracy of throwing darts at an underwater
target was measured. One group only practiced dart throwing at a target
submerged 12 inches underwater. The second group received an expla-
nation of refraction of light and practiced throwing underwater at the
same distance. Both groups did equally well when the target was in 12
inches of water. But when the water depth was changed to 4 inches, the
group that had learned the principles of refraction was significantly
more accurate. The second group could transfer the knowledge they
learned to a new situation (20). This example could be applied to phar-
macy education. For example, if pharmacy students were only required to
memorize the FDA-approved indications for the top two hundred drugs
without learning the mechanism of action of these drugs, they would not
be able to reason why a drug was used for a non-indicated use.

Although transfer of learning is very context specific, research sug-
gests four instructional principles for improving transfer. First, transfer is
enhanced when there are similar features between the original learning
context and the context in which the knowledge or skill are to be applied
(21). Second, teaching topics in considerable depth is preferable to teach-
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ing many cursory topics (22). Third, learning a variety of examples and
practicing skills helps facilitate transfer (3, 23). Fourth, transfer is im-
proved by emphasizing principles rather than mere factual recall (24).

To allow the student to practice transfer of learning, ask them to solve
a problem after learning the correct response in a related content. For
example, “What are the medications of choice for a patient with Type II
diabetes?” “What if the patient had an allergy to sulfonylureas?” An-
other approach to help the student transfer learning would be to propose
solutions to a whole set of related problems that have similar abstract
qualities. Using a similar example of the sulfonylurea allergy, a student
is given a case in which the patient has this allergy. In the patient’s med-
ication list, there would be drugs that contained sulfa groups in them.
The student would have to transfer their knowledge about medicinal
chemistry and sulfa allergy to determine if the patient could take certain
drugs. These approaches focus on relationships and patterns across dif-
ferent examples.

Learning principles are far more important than memorizing isolated
facts. The importance of learning abstract associations rather than iso-
lated facts was illustrated by Singley and Anderson (25). In this study,
students learned algebra word problems about mixtures. The first group
was presented problems using pictures to help them learn separate com-
ponent skills, but without any exposure to relevant mathematical princi-
ples. The second group was presented the problems in tabular form that
drew their attention to underlying mathematical principles. Students
who learned the abstract principles were able to transfer their skills to
novel word problems, but those who learned only the component skills
were unable to do so. Over time, these mathematical representations
become schema which was discussed previously.

Faculty may become more proficient at structuring transferable learn-
ing experiences through careful assessment. One method to assess the ex-
tent to which students transfer learning is called “graduated prompting”
(26, 27). This method counts the number and types of prompts that are
required before learners transfer their knowledge. Some learners may
respond with a general prompt such as: “Can you think of something
you learned earlier related to this problem?” Others may need more
explicit prompting. This can be easily seen in pharmacy students on
advanced practice rotations. Students who are able to transfer “book”
knowledge to patient care will need little prompting when faced with a
problem. Academically weaker students will require more prompting
from the practitioner about information learned earlier in the program
before they can successfully solve the patient’s problem.
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If the students are given a good foundation and can transfer learning,
they will be able to apply material outside of the classroom from one
problem to another. Pharmacy topics should be taught with prototype
drugs, diseases or reactions and then more specific examples can be
used to demonstrate these ideas. Transfer of learning lends itself to many
active learning exercises such as case studies or role playing.

INSTRUCTIONAL IMPLICATIONS OF TRANSFER
OF LEARNING

To facilitate transfer of learning, faculty in upper-level pharmacy
courses should meet with those in lower-level courses to examine their
topics and assignments. They should identify principles and a common
vocabulary that will help students see connections between topics at dif-
ferent levels. Faculty should regularly require students to use informa-
tion from previous courses in their current semester assignments.

Collaboration and integration is key to this process. Pharmaceutical
Science faculty and Pharmacy Practice faculty must collaborate to make
transfer of learning work well. Even better is when the scientists and cli-
nicians can teach together. This way, students, hopefully, can see the
foundations based in science and the utility based in practice.

METACOGNITION

Building schema, developing expertise and transferring knowledge is
facilitated when students assume greater responsibility for their learning.
Unfortunately, many students graduate high school with excellent grades
and little awareness of how to rise to the challenge of demanding col-
lege-level work. Research shows that academically challenged students
are often unable to use their metacognitive skills (28). Metacognition is
defined as self-awareness and control over one’s cognitive processes
(29). Our experience is that academically weaker students attend class,
but may not take notes. Even if they do not understand, they do not ask
questions, and do not notice significant errors in their papers. Because
their study habits worked for them before college, they fail to adjust their
study strategies to meet college-level goals and expected performance;
hence, they are not able to succeed in the prepharmacy or pharmacy cur-
riculum. There was one study that assessed the metacognitive skills of
pharmacy students. In a study by Lonie and Dolinsky, they showed that
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pharmacy students can self-reflect on negative behaviors; however, the
researchers did not relate this to the students’ study habits (30).

Effective metacognitive processing occurs when a student reads and
rereads a section because they know that they did not comprehend the
material. Students demonstrate metacognitive skills by being aware of
the quality of their learning, attending to how they are studying and
making adjustments if their initial strategies are not working. Fortu-
nately, metacognitive awareness and processing can be learned. Teach-
ing study strategies may help students become more aware of their
thinking and more accurate judges of their academic work. This area of
research provides optimistic examples of how weak students may rap-
idly improve their performance (31-35). The research team of Palinscar
and Brown conducted several studies demonstrating the effectiveness
of “reciprocal teaching.” Students improved their reading comprehension
skills by modeling their teacher. The teacher initially asked comprehen-
sion questions to promote summarizing, questioning and clarification of
the reading exercise. Students then took over this role which led to their
independent monitoring or self-assessment of their own comprehen-
sion, i.e., metacognition (36-38).

INSTRUCTIONAL IMPLICATIONS
OF METACOGNITION

There are a number of strategies that can be used to improve student
learning. One, using colored markers is a common way for students to
study their texts, but they should select a few main ideas from their texts
rather than excessively painting their books. This encourages deeper un-
derstanding by drawing their attention to the organization of ideas and
relative importance of those ideas. Two, they could keep journals of their
study habits and strategies remarking on how well they worked. Three, a
very important metacognitive skill is to review the feedback from an in-
structor to prevent continued mistakes. Four, professors may also model
metacognition by “thinking out loud” as they teach critical knowledge
and skills.

CURRICULAR IMPLICATIONS OF COGNITIVE
LEARNING PRINCIPLES

Planning and implementing a curriculum in a pharmacy program
should utilize the theories presented in this paper regarding cognitive
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schemas, expertise and transfer of learning. Faculty should use a com-
mon vocabulary and principles that extend across semesters and be-
tween clinical and scientific divisions. Many examples that are based on
specific pharmacy principles should be used and foundational scientific
and clinical principles need to be repeated throughout the program. As-
sessment of schemas is needed periodically to prevent misinformation
and reinforce ideas and techniques. For example, the Nesbitt School of
Pharmacy uses the Pharmacist-Patient Consultation Program (PPCP).
This is initially taught in the first year, and the students are expected to
use it throughout the program. By their third year, they have used the “3
prime” questions (What were you told the medication is for?; How were
you told to take the medication?; What were you told to expect?) so of-
ten that it becomes routine. Since there is one method of counseling be-
ing taught, the upper-level students can focus on the medical problems
of the case and then automatically counsel the patient. This is a good
example of schemas, expertise and transfer of learning being used
together. They need to use all of these skills to successfully counsel a
patient with a complex medical problem. Then they can self-assess their
counseling to improve it. This would be an example of using meta-
cognitive skills.

Prepharmacy courses should include the teaching of metacognitive
techniques. If a prepharmacy program exists in the university, early in-
tervention needs to be made with struggling students. The prepharmacy
majors accepted into a university probably have strong academic cre-
dentials but may not have the study skills to succeed or meet their true
potential in pharmacy school. These students do not suddenly become
“smart” when they are accepted into the pharmacy program. Students
will probably struggle throughout their pharmacy school career. As-
sessment data from the Nesbitt School of Pharmacy demonstrate this
point. Prepharmacy students’ GPAs statistically correlated with their
graduating GPA (r = 0.601, p < 0.05) and the GPA of the first profes-
sional year was highly correlated with the final professional program’s
GPA (r = 0.904, p < 0.05). This implies that the GPAs change little from
the beginning to the end of the program.

CONCLUSION

In this paper a number of principles were highlighted, which drew
from cognitive and educational psychology. The paper has also presented
several examples of cognitive research that may be readily adapted to
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pharmacy education. Future studies may investigate characteristics of
pharmacy schema, alternative ways to enhance transfer of learning
within a pharmacy content and skills and new approaches for assessing
and documenting expertise. The purpose was to stimulate faculty to talk
with each other, to examine their teaching practices, identify schema
within their fields and enhance transfer of learning.

Two other areas of research that are beyond the scope of this paper
but that hold promise for improving pharmacy education are learning
styles and motivation to learn. Research investigating learning styles
emphasizes both identifying individual differences and adapting in-
struction to those differences (39). Motivation to learn research investi-
gates the interaction between motivational beliefs and how students
respond to academic challenges (40, 41).

Addressing pharmacy curriculum and instruction in light of cogni-
tive and educational psychological principles will raise issues of scope
and sequence that is aligned to the student learning processes. This
should greatly increase the students learning, make them lifelong learn-
ers and improve teaching. Pharmacy faculty will clearly benefit from
discussions concerning the implications of cognitive and educational
psychology to pharmacy education.
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