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Objective. To design and assess a horizontally integrated biological sciences course sequence and to
determine its effectiveness in imparting the foundational science knowledge necessary to successfully
progress through the pharmacy school curriculum and produce competent pharmacy school graduates.
Design. A 2-semester course sequence integrated principles from several basic science disciplines:
biochemistry, molecular biology, cellular biology, anatomy, physiology, and pathophysiology. Each is
a 5-credit course taught 5 days per week, with 50-minute class periods.
Assessment. Achievement of outcomes was determined with course examinations, student lecture, and
an annual skills mastery assessment. The North American Pharmacist Licensure Examination
(NAPLEX) results were used as an indicator of competency to practice pharmacy.
Conclusion. Students achieved course objectives and program level outcomes. The biological sciences
integrated course sequence was successful in providing students with foundational basic science
knowledge required to progress through the pharmacy program and to pass the NAPLEX. The percentage of the school’s students who passed the NAPLEX was not statistically different from the
national percentage.
Keywords: biological sciences, pharmacy curriculum, integration

from different perspectives.2 Horizontal integration links different subject areas within a scientific discipline while vertical integration blends basic science with clinical science.3
Differing methodologies have been proposed to achieve his
integration including case-based, e-learning, and using specialized PhD faculty members to focus on integrated education.4-6 Clinical and basic science faculty members need to
work together to ensure that basic science principles are
reinforced throughout the PharmD curriculum.7
In 2003, the National Research Council released
BIO2010, a report calling for structural changes in the
way undergraduate biology education should be delivered.8 The report recognized that biology, chemistry,
mathematics, physics, engineering, and computational sciences were increasingly connected. The report noted that
the premedical curriculum caused many students to lose
interest in medicine and that many students and physicians
had come to view premedical education as simply a screening process for admission to medical school. This report
issued a strong call for the development of interdisciplinary
education that horizontally integrated disciplines across
traditional lines to develop better critical-thinking skills
in medical students.
To address these issues, the Association of American
Medical Colleges and the Howard Hughes Medical Institute formed a committee to evaluate premedical and

INTRODUCTION
The doctor of pharmacy (PharmD) degree did not
become the sole entry level degree for the pharmacy profession until the late 1990s. Prior to that, the baccalaureate degree focused primarily on the biology, chemistry,
biochemistry, pharmacology, and medicinal chemistry
required to compound, prepare, and distribute medications. It made sense for this heavily basic science-based
curriculum to have stand-alone courses in each of these
disciplines. The move to a more clinical pharmacy practice
began the move away from a topic-driven curriculum to
a more outcomes-based education mirroring a similar shift
in medical education.1 Given the overlap of basic science
disciplines of chemistry, biology, physics, and computation in such fields as epigenetics, genomics, and nanoscale
science, it is increasingly difficult to maintain the traditional boundaries between these disciplines.
Two different forms of integrated curriculum have
been proposed to address this issue: the vertical integration
of basic science and clinical practice throughout the curriculum and horizontal integration of the same concepts
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medical school science curricula. The 2009 report, Scientific Foundations for Future Physicians, suggested that
while the move toward evidence-based medicine was
necessary, there remained a critical need for physicians
to assess each clinical situation and respond appropriately, drawing upon intuitions arising from principles
that transcend mere following of examples.9 One goal
of this report was to provide greater flexibility in the
premedical curriculum that would permit undergraduate
institutions to develop more interdisciplinary and integrative science courses.
From its inception in 2003, the Wingate University
School of Pharmacy (WUSOP) embraced the concept of
integration to create more practice-ready pharmacy graduates. Aside from some vertical integration, the basic
sciences were horizontally integrated in a course that
spanned the first year of the curriculum. The foundations
of biochemistry, cellular biology, molecular biology,
anatomy, physiology, and pathophysiology were embedded into a course sequence called Biological Science Integrated, which was designed as two 5-unit courses
offered sequentially during the first and second semesters
of the curriculum. The basic science curriculum provides
a solid foundation on which to build the skills necessary
for patient-centered care.10
This paper focuses on the development of this course
sequence and the assessment of its effectiveness in
imparting the foundational basic science knowledge required for students to successfully progress through the
pharmacy curriculum and become competent graduates.
The 2013 Center for the Advancement of Pharmacy Education (CAPE) Outcomes released in July 2013
accelerated the drive toward an outcomes-based educational system and defined 4 broad domains to guide the
academy in the education of pharmacists. Domain 1 is the
foundational knowledge required of a lifelong learner.
This standard states students should be able to develop,
integrate, and apply knowledge from the foundational
sciences.11 This assessment provides other programs with
a potential pathway to develop their own horizontally integrated basic science course.

institutional Research Review Board and were granted
exempt status. The goal of the course sequence is to
provide first-year (P1) pharmacy students with the basic biomedical and pharmaceutical sciences foundation on which the processes of applied pharmaceutical
care can be built. The course sequence emphasizes the
basic principles of biochemistry, molecular biology,
cellular biology, anatomy, physiology, and pathophysiology, as well as application to clinical cases
and pharmacy-related subjects (eg, such as drug mechanisms). The 2-semester course sequence meets 5 days per
week for 15 weeks, with 50-minute class times, making
each a 5-credit course. The prerequisite for the first course
in the sequence is first-year PharmD standing. The prerequisites for the second course are first-year PharmD
standing and completion of the first course with a grade
of C or better.
Students are expected to achieve objectives for both
courses listed in Tables 1 and 2, respectively. The objectives align with the WUSOP program level outcomes,
which include demonstration of a scientific foundation
necessary for professional competency. More specific
WUSOP outcomes the objectives align with are: (1) describing various cellular processes that are essential for survival;
(2) defining the structure, nature, location, and function of
a selected component of the human anatomy; (3) describing the physiology of a selected human organ system; and
(4) describing how the organs and organ systems function
together to maintain homeostatic variables.
The topics covered in each course are listed in Appendix 1 and 2, respectively. Lecture topics in those tables
designated as “Application” may include discussion of
targeted therapies or of late-breaking research, interpretation of research literature, case studies, and/or other activelearning activities. These activities are not restricted to days
designated Application, as most lectures are supplemented
with activities and active learning. For example, most lecture class periods include use of TurningPoint clickers
(Turning Technologies, Youngstown, OH), think-pairshare activities, videos, interactive physiology software,
and other creative teaching techniques to enhance student
engagement.
In addition to basic science disciplines being taught
in one course sequence, those disciplines are integrated at
the lecture level. For example, when teaching on the topic
of apoptosis, the physiological and pathophysiological
roles in human development, maintenance of health, aging, and disease is discussed. Furthermore, cell signaling
pathways that induce apoptosis are taught in the context of
physiological stimuli that activate each pathway. Within
the discussion of cell biology (cell signaling pathways),
some biochemistry is integrated (eg, the topic of protein

DESIGN
The WUSOP program is a traditional 4-year PharmD
program. A horizontally integrated biological sciences
course sequence was developed and first offered to the
inaugural class of WUSOP in fall 2003 and again in spring
2004. The course sequence has been offered every year
since then with only minor changes. The information provided in this manuscript reflects the latest design and
assessment of the course sequence. All protocols used
to provide data for this study were approved by the
2

American Journal of Pharmaceutical Education 2015; 79 (6) Article 89.
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1.
2.
3.
4.
5.

Describe fundamental cell processes.
Describe general histology for the 4 types of tissues in the body.
Describe the gross- and micro-anatomy of the skeletal, muscular, and nervous systems.
Describe the physiological functions of the skeletal, muscular, and nervous systems.
Describe the cellular and physiological basis of the major pathologies associated with the skeletal, muscular, and nervous
systems.
6. Describe select physical examinations pertaining to the skeletal, muscular, and nervous systems.

structure and protein domains is incorporated to explain
mechanisms of the formation of the death-inducing signaling complex during receptor-mediated apoptosis).
Molecular biology is incorporated when discussing the
role of p53 in nuclear-mediated apoptotic signaling in
response to DNA damage; it is an example of a transcription factor, which regulates the expression of various
genes by binding to gene regulatory sequences that will
either repress or activate transcription. Finally, the pathophysiological consequence of altering the expression of
various signaling proteins regulating apoptosis is discussed, mainly in the context of cancer. Also discussed
are potential targets for drug therapy with the aim of
inhibiting or stimulating apoptosis, depending on the disease state.
Other examples involve teaching each organ system,
which covers anatomy, physiology, and pathophysiology.
The regulation of each system by the endocrine and nervous systems typically involves discussion of cellular and
molecular biology when explaining the relevant cell signaling. Furthermore, for each organ system, students are
assigned 5 to 10 case studies that integrate clinically relevant topics in physiology and pathophysiology and,
sometimes, cell biology.
The course sequence is primarily delivered in a lecture format by 2 full-time faculty members with PhDs in
a basic science. Each faculty member teaches approximately half of the lectures in each course and alternates
by lecture topic. Notes for each lecture are provided to all
students electronically at least 48 hours before class. Students use 2 textbooks. The first is Ganong’s Review of

Medical Physiology, which is available free online via
AccessPharmacy.12 This textbook is an optional resource
primarily used for reference, if needed. The second is
Physiology Cases and Problems, 4th Edition, by Linda
S. Costanzo, which is a required purchase.13 The majority
(approximately 55) of the case studies included in the
textbook are assigned throughout the 2 semesters to enhance student understanding and clinical application of
the lecture topics. Several case studies are included as
active-learning activities in class, but students are expected to work through most of the case studies outside
of class. The case study textbook includes answers with
detailed explanations for each question; thus, students
have the opportunity to confirm their answers and thought
processes. The case studies are not a graded assignment.
However, knowledge of the material covered in the case
studies is assessed on the examinations.
Achievement of course sequence objectives is
assessed by 5 multiple-choice examinations in each
course. In addition, the assessment of the second course
includes student lectures covering selected disease states
(Appendix 3). Each selected disease state is presented by
a group of 3 to 4 students in a 20-minute lecture format
with a 5-minute question and answer period. Two disease
states are typically covered in one class period, designated
as student pathophysiology lectures (Appendix 2). Student lectures aim to answer the following questions regarding each disease state: (1) who the disease affects; (2)
if the disease is common; (3) what the cause/mechanism
of the disease is; (4) what the identifying signs and symptoms (and underlying mechanisms) are; (5) how it is

Table 2. Course Objectives for Biological Sciences Integrated II
1. Describe the gross- and micro-anatomy of the immune, cardiovascular, respiratory, renal, gastrointestinal, endocrine, and
reproductive systems.
2. Describe the physiological functions of the immune, cardiovascular, respiratory, renal, gastrointestinal, endocrine, and
reproductive systems.
3. Integrate knowledge of the functions of the different organ systems.
4. Describe the cellular and physiological basis of the major pathologies associated with the immune, cardiovascular, respiratory,
renal, gastrointestinal, endocrine, and reproductive systems.
5. Describe select physical examinations pertaining to the immune, cardiovascular, respiratory, renal, gastrointestinal, endocrine,
and reproductive systems.
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treated; and (6) how it is prevented. The presentations
emphasize the etiology of each disease state rather than
the epidemiology and treatment, since these latter areas
are covered in more detail in the pharmacotherapy
courses. Knowledge of the material included in the student lectures is assessed on the course examinations. Each
student group is required to submit a lecture outline,
PowerPoint presentation, and 5 multiple-choice examination questions. In 2011, WUSOP added a distant satellite
campus. These students connect to the main campus during class time via a video conferencing system. Addition
of this satellite campus has not affected the delivery of the
course sequence.
The sequence was designed to integrate into the
WSUOP curriculum. The basic concepts from the basic
science sequence are expanded on in a separate 3-credit
course, Principles of Drug Mechanisms, in the second
semester, in which the mechanisms of drug action are
described. The foundational principles of biopharmaceutics and pharmacokinetics are introduced in a 3-unit
course in semester 3. Clinical Pharmacokinetics is taught
as a stand-alone 2-unit course in semester 4. The
WUSOP curriculum includes 18 pharmacotherapy
courses in the second and third years, which are organized around organ systems and special populations.
These courses provide the anatomy, physiology, pathophysiology, genomics, kinetics, and pharmacology relevant to the organ systems and diseases of those systems
and, thus, reinforce the foundational principles taught in
the basic sciences sequence and the Principles of Drug
Mechanisms. Additionally, in each semester of the second and third years, all students participate in a small
group, problem-based learning (PBL) sequence that vertically integrates all disciplines into a clinical decisionmaking course. In PBL activities, students work in teams
on cases and must arrive at an evidence-based clinical
decision.
The basic sciences course sequence has been a part
of the WUSOP curriculum since its inception. Therefore,
the cost in faculty time and energies in implementing the
courses was similar to developing any course. The topics
of the course sequence were largely determined using the
Medical Physiology Learning Objectives developed by
the American Physiological Society and the Association
of Chairs of Physiology Departments in 2000.14 Furthermore, topics were refined through reading material (syllabi, course notes, etc) of courses for which the
successful completion of the basic sciences sequence
are a prerequisite (eg, Drug Mechanisms and all of the
pharmacotherapy courses). Topics were also refined
through discussions with the clinical faculty members
teaching those courses. Continued changes may occur

based on results from the university’s Annual Skills
Mastery Assessment (ASMA).

EVALUATION AND ASSESSMENT
As an essential component of the WUSOP program’s
scientific foundation, we assessed the effectiveness of
course sequence in imparting the basic science knowledge appropriate for success in the pharmacy program
and for development of a graduate competent to practice
pharmacy as deemed by passing the NAPLEX. We
assessed the sequence at the course, school, and national
levels.
Course Level Assessment
The effectiveness of the sequence in achieving
course objectives was assessed with 4x100 question examinations (1 point per question; each examination worth
100 points) and a comprehensive final examination composed of 133 questions (1.5 points per question; examination worth 200 points). Question types included
multiple-choice, true or false, and labeling. Course data
from 2009 to 2014 were selected for this study as the
same 2 faculty members taught the courses those years,
making content, grading, etc, subject to less inconsistency. Over this period, the individual student examination scores for the first course ranged from 40% to 100%,
and for the second course, from 44% to 98%. These
examinations gave 600 points for the first course. However, the second course also included the student lectures on selected disease states (Appendix 3), which
were worth 50 points, making a course total 650. Presentations were assessed by both faculty members using a rubric with 10 sections each worth 5 points (50 total, Table 3).
The average faculty score was then modified according to
the group’s peer evaluations of each other.
An average peer evaluation score of 5 (out of 5)
meant the student would receive 100% of the averaged
faculty score whereas an average peer evaluation score
of 3 meant the student would only receive 60% of the
averaged faculty score. Students were trained in peer
assessment in another course (Professional Communications) in the first semester of the curriculum. From 2009
to 2014, individual student lecture scores ranged from
57.6% to 99.0%, with an overall mean score of 92.2%.
Letter grade assignments for both courses were initially
A $ 89.5%, B $79.5%, C $ 69.5%, D $ 64.5%, and F #
64.4%. But in the fall 2011, WUSOP eliminated the D
grade option in all courses in the pharmacy curriculum,
and any student scoring less than 69.5% received an F.
Mean course scores for the first course were 81.3% in
2009 (out of 75 students, none failed); 82.5% in 2010 (out
of 78 students none failed; 3 Ds were given); 79.9% in
4
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Table 3. Grading Rubric for Student Lecture in Biological Sciences Integrated II
Outline and lecture submitted 48 hours in advance (5 points)
Outline complete with goals, objectives, keywords, references, and body no longer than 2 pages (5 points)
Outline content at appropriate level given lecture constraints (5 points)
Outline formatted appropriately (5 points)
Understanding of topic as evidenced in lecture (5 points)
Lecture flowed well and was easy to follow (5 points)
Lecture at appropriate level (5 points)
Answering of questions (5 points)
Submission of 5 multiple-choice examination questions complete with answers (5 points)
The overall impression of the group’s effort (5 points)

2011 (out of 103 students, 5 failed); 84.1% in 2012 (out
of 108 students, 3 failed); 82.1% in 2013 (out of 100
students, 3 failed). Mean course scores for the second
course were 81.1% in 2009 (out of 71 students, 2 failed);
79.7% in 2010 (out of 77 students, 2 failed); 81.9% in
2011 (out of 77 students, 1 failed); 80.4% in 2012 (out
of 100 students, 2 failed); 82.7% in 2013 (out of 106
students, none failed); and 82.3% in 2014 (out of 96 students, 3 failed).
In summary, from 2009 to 2014 (5 semesters),
466 students took the first course, and 14 scored below
69.5%, while over the same period (6 semesters) 527
students took the second course, and 10 scored below
69.5%. Students who failed the course sequence were
required to repeat the course the following year, and
they progressed through the program on a modified
schedule.

Overall, the percentage of P1s who failed to demonstrate mastery of these abilities between 2009 and 2013
were 9.8% (ability 1), 8.5% (ability 2), 14.5% (ability 3),
and 10.0% (ability 4). Over the same time period, the
percentage of P2s who failed to demonstrate mastery
was 4.9% (ability 3) and 4.7% (ability 4). Similarly, the
percentages for P3s were 4.8% (ability 3) and 7.6% (ability 4). The ASMA is not a high-stakes examination for
P1s or P2s. However, P3s can be held back from starting
P4 clinical practice experiences if they fail to achieve
a score of mastery.15 Given the formative nature of the
P1 and P2 ASMA examination, students who do not
pass, meet with their adviser and discuss a plan to improve their knowledge in relevant subject areas.
The assistant dean for assessment at WUSOP compiled a database of student performance to identify early
predictors of failure to complete the PharmD program.17

School Level Assessment
At the school level, the Annual Skills Mastery Assessment examination (ASMA) was used to assess students’ basic science knowledge independent of the course
and its teachers. We reviewed student performance in the
ASMA examination from 2009 to 2014 (Table 4). The
methodology of the ASMA was described in AJPE in
2009.15 The examination is designed to assess the students’ ability to perform skills as defined by facultydeveloped terminal ability outcomes statements (TABO).
The mastery score was calculated through a reliable Angoff process.16 Examination questions were written by faculty members other than the 2 who taught the sequence,
making this an independent evaluation.
Results were reviewed from 4 TABOs for P1s, and
two TABOs for students for the next 2 years (P2s and
P3s), which are described in Table 7. Specifically, the
TABOs included cellular processes essential to survival,
the function of important anatomical structures (terminal
abilities 1 and 2), and the interaction of organs and organ
systems to maintain homeostasis and mechanisms of action of selected drugs (terminal abilities 3 and 4).

Table 4. Annual Skills Mastery Assessment (ASMA)
Examination Results 2009-2014
Year (N)
P1 (531)
Cell Physiology
Anatomy
Physiology
Drug Mechanisms
P2 (485)
Physiology
Drug Mechanisms
P3 (436)
Physiology
Drug Mechanisms

Failed to Demonstrate
Mastery, n (%)
52
45
77
53

(9.8)
(8.5)
(14.5)
(10.0)

24 (4.9)
23 (4.7)
21 (4.8)
33 (7.6)

P15first year; P25second year; P35third year Terminal Ability
Statements Tested on the ASMA Examination: (1) cell physiology –
describe the cellular process essential to survival; (2) anatomy –
define the structure, nature, location and function of a selected
component of human anatomy; (3) physiology –describe how the
organs and organ systems function together to maintain homeostasis;
(4) drug mechanisms – describe the mechanism of action for a selected drug
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The database was used to correlate performance in the
first course of the basic sciences sequence and performance on the ASMA to student’s scaled score on the
NAPLEX. Pearson correlations for each comparison
were: 0.32 (basic sciences sequence), 0.52 (ASMA1),
0.63 (ASMA2), 0.66 (ASMA3), and 0.76 (ASMA4).
Thus, performance on the ASMA was highly predictive
of performance on the NAPLEX. Furthermore, students
who scored below 70% in the first course of the sequence
were 18 times more likely (odds ratio 18.8) to fail to
complete the program on time or to be dismissed from
the program for academic failure (n5398, p,0.01). Because students who failed to complete the program typically withdrew before the fourth year, a comparison of
performance in the course sequence to performance on
ASMA3 seemed to be most appropriate. Students who
scored 70% or below in the first course of the sequence were
5 times more likely (odds ratio 4.9) to fail to demonstrate
mastery on the ASMA3 examination (n5250, p,0.01).17

suggested the basic sciences course sequence, as a component of the curriculum, effectively imparted the basic science knowledge necessary to produce pharmacy school
graduates
competent
to
practice
pharmacy.
The horizontally integrated biological science curriculum
provided sufficient preparation for students to pass their
board examinations.

DISCUSSION
The basic sciences course sequence was developed
to provide P1 pharmacy students with scientific knowledge of disease and treatment through a horizontally integrated approach, from the biochemical and cellular
level to organism level. Based on results from course
examinations and student lectures, students achieved the
course objectives with an average mean course grade of
82.0% for the first course and 81.4% for the second
course. Over the time period evaluated, only 3% of P1
students scored below 69.5% in the first course and 1.9%
in the second course, demonstrating that the majority of
students who completed the course sequence had the necessary basic science knowledge, as deemed by WUSOP,
to successfully progress through the curriculum.
Based on the results from the ASMA, the majority of
students mastered the terminal basic science abilities
tested. In the P1 year, this information is primarily taught
in the basic sciences course sequence, with reinforcement
in the Principles of Drug Mechanisms course taught in the
spring semester in conjunction with the second course of
the sequence. In the P2 and P3 years, basic science concepts are reviewed and reinforced in the pharmacotherapy
and PBL courses.
The results for the drug mechanism terminal ability
is included in Table 4 because many of the basic science
concepts to understand drug mechanisms are primarily
taught in the basic sciences course sequence. In the
P2 and P3 years, the only basic science terminal abilities
consistently tested are physiology and drug mechanisms.

National Level Assessment
The third level of assessment involved comparing
the WUSOP graduates’ performance on the NAPLEX,
(Table 5) to the national performance average to determine if the WUSOP curriculum disadvantaged students.18 A student t test was performed, comparing the
national passing rates to WUSOP passing rates using
KaleidaGraph (Synergy Software, Reading, PA). Between 2007 and 2013, the cumulative first-time taker
pass rate was 96.8% compared to 95.3% nationally.
There was no significant difference between the percentage of WUSOP students who passed the NAPLEX
and the national average (p.0.05).
The WUSOP founding class graduated in 2007,
thus this data encompassed all graduates from the university to date. Comparing WUSOP with national scores
in areas 1 to 3, WUSOP students appeared to closely mirror national trends. The comparative NAPLEX results

Table 5. NAPLEX Examination Results from All WUSOP Graduates from 2007-2013
School’s
First Timers
National
Passing
Passed
Average
Year Rate % N WUSOP Passing Rate %
2007
98.2 54
2008 100.0 61
2009
94.4 54
2010
96.9 65
2011
94.3 70
2012
98.5 67
2013
95.5 67
Totals
438

53
61
51
63
66
66
64
424

95.9
97.4
94.4
91.9
96.2
96.5
96.3

N
9364
10 615
11 662
12 088
10 904
12 698
12 104
79 435

School’s Average Score National Average Score
First Timers
Area Area Area Area Area Area
Passed National
1
2
3
1
2
3
8981
10 242
11 007
11 103
10 488
12 247
11 657
75 725

12.7
12.6
12.2
12.6
12.4
12.7
12.6

12.6
12.7
12.0
12.1
12.2
12.6
12.7

13.0
12.5
12.6
12.7
13.1
13.0
12.5

12.7
12.4
12.4
12.5
12.7
12.2
12.5

NAPLEX5North American Pharmacist Licensure Examination; WUSOP5Wingate University School of Pharmacy
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12.7
12.4
12.4
12.4
12.6
12.2
12.5

12.9
12.5
12.7
12.8
13.0
12.3
12.6
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In the P4 year, no basic science terminal abilities were
consistently tested on the ASMA from 2009 to 2014; thus,
we did not have sufficient data to include. The percent of P1
students who did not master each of the 4 basic science
terminal abilities ranged between 8.5% and 14.5%. Furthermore, 4.7% and 4.9% of P2 students and 4.8% and
7.6% of P3 students did not master physiology and drug
mechanisms abilities, respectively.
The data suggest that the course sequence is successful in instilling the basic science concepts necessary to
master the related program terminal abilities, and that
reinforcement of these concepts in the P2 and P3 years
of the curriculum enhances their understanding. Because
the ASMA is given in March, before the end of the semester, some material tested on it may have not been
taught yet in the second course or Principles of Drug
Mechanisms. This factor may contributed to the higher
failing rates on these terminal abilities in the P1 year
compared to P2 and P3 years.
Because the percentage of WUSOP graduates who pass
the NAPLEX is similar to the national average, it can be
inferred that the pharmacy program at the university has an
effective basic science curriculum; albeit, the link is indirect.
We included NAPLEX examination results comparing
WUSOP’s percentage of students passing to the national
average to demonstrate that our basic science curriculum,
primarily the horizontally integrated course sequence, appears to be successful in instilling the foundational basic
science knowledge necessary to pass the NAPLEX.
The course sequence has been well-received by students, as determined by the course evaluations and focus
group interviews (conducted by the assistant dean of assessment) each year. However, the response rate of the
course evaluations is consistently low; thus, the data are
not included in the manuscript. In brief, the majority of
students who complete the course evaluations rate the
design and implementation of the course sequence with
the highest rating (mode of 5 out of 5 on all questions)
and report that the courses are excellent overall. The
high ratings are consistent from year to year.
Possible limitations to the implementation of the
course sequence exist. First, the amount of information
from each basic science discipline that is taught is limited
when compared with a traditional basic science curriculum. For example, the amount of biochemistry taught in
the course sequence is far less than what is taught in
a separate semester-long course dedicated to biochemistry, which is often included in a traditional pharmacy
program. Thus, it may limit students’ basic science foundation. However, NAPLEX results suggest that WUSOP
students obtain an adequate foundation necessary for
competency as a practicing pharmacist. Others may

view the limitation of the amount of material taught in
the course sequence as a positive trait because students are
not overwhelmed by perceived extraneous information not
directly related to competency in pharmacy practice.
A second potential limitation to the course sequence
is the 5-day-per-week schedule. Although students master the material, it is difficult for some to keep up with
studying and learning the material on a day-to-day basis.
In this case, we speculate that these students may find
themselves “cramming” before each examination. A third
limitation expressed by some students in the course evaluations is that each course is taught by 2 professors, instead
of one. Although the teaching evaluations for each professor (data not included) are excellent, some students find it
difficult to adjust to 2 different teaching styles.

SUMMARY
A horizontally integrated biological sciences course
sequence was developed to provide first-year pharmacy
students the scientific foundation necessary to succeed in
the pharmacy program and to develop into a competent
pharmacist. The course sequence was effective at imparting the basic science knowledge required to successfully
progress through the WUSOP curriculum and to pass the
NAPLEX. Student achievement of course objectives and
program outcomes was demonstrated by positive results
of course examinations, student lectures, ASMA, and
NAPLEX.
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Appendix 1. Lecture No. and Topics for Biological Sciences Integrated I
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Introduction to the Cell and Organelles
Protein Structure
Protein Function
DNA and Chromosomal Structure
Gene Expression
Gene Expression
Regulation of Gene Expression
Regulation of Gene Expression
Pharmacogenomics
Epigenetics
Membrane Structure
Membrane Transport
Membrane Transport
Endocytosis and Exocytosis
General Principles of Cell Signaling
General Principles of Cell Signaling
Specific Examples of Cell Signaling
Specific Examples of Cell Signaling
Adaptations in Cell Signaling
Cell Cycle
Cell Cycle Control
Cell Cycle: Application
Apoptosis in Health & Disease
Apoptotic Signaling
Apoptotic Signaling
Apoptosis: Application
Intro and Hallmarks of Cancer
Molecular Mechanisms of Cancer
Molecular Mechanisms of Cancer
Cancer: Application
Glycolysis/Metabolic (Lactic) Acidosis
Krebs Cycle
Electron Transport Chain
Glycogen Metabolism/Gluconeogenesis
Lipolysis/B-oxidation
Ketogenesis/Ketoacidosis
Metabolism: Application

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
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Metabolism: Application
Free Radicals/Antioxidants
Metabolism: Application
Histology: Epithelial Tissue
Histology: Connective Tissue
Anatomical Terminology
Introduction to Homeostasis
Integumentary System
Bone Structure
Physiology of Skeletal System
Physiology of Skeletal System
Osteoporosis
Skeletal System: Application
Introduction to Nervous System
Histology of Nervous System
Basic Electrophysiology
Basic Electrophysiology
Synaptic Transmission
Synaptic Transmission
Neurotransmitters
Neurotransmitters
Neurotransmitters
Neurotransmitters
Neurotransmitters
Neuroanatomy
Neuroanatomy
Special Senses
Cranial Nerves
Spinal Cord
Autonomic Nervous System
Autonomic Nervous System
Cerebral Blood Flow/Metabolism
Histology of Muscular System
Excitation-contraction Coupling
Excitation-contraction Coupling
Muscle Metabolism
Muscular System: Pathophysiology
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Appendix 2. Lecture Number and Topics for Biological Sciences Integrated II
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Introduction to Hematology
Hemostasis
Hemostasis
Introduction to Immunology
Innate Immunity
Innate Immunity
Innate Immunity
Adaptive Immunity
Adaptive Immunity
Adaptive Immunity
Adaptive Immunity
Blood Types/Immunosuppression
Anatomy of Cardiovascular System
Cardiac Cycle
Cardiac Cycle
Blood Pressure/Circulation
Regulation Blood Pressure/Circulation
Regulation Blood Pressure/Circulation
Regulation of Microcirculation
Capillary Fluid Exchange
Electrical Activity of Heart
Basics of 12-Lead EKG
EKG Interpretation
Hypertension
Atherosclerosis
Heart Failure
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Anatomy of Respiratory System
Pulmonary Ventilation
Pulmonary Circulation
Gas Exchange
Gas Transport
Regulation of Respiration
Topics in Pathophysiology
Student Pathophysiology Lecs (2)

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Student Pathophysiology Lecs (2)
Anatomy of Renal System
Glomerular Filtration
Tubular Reabsorption/Secretion
Tubular Reabsorption/Secretion
Tubular Reabsorption/Secretion
Electrolyte and Acid-Base Balance
Evaluation of Kidney Function
Renal Failure
Student Pathophysiology Lecs (2)
Introduction of Endocrine system
Hypothalamus/Pituitary Gland
Thyroid/Parathyroid Glands
Adrenal Glands
Pancreas
Diabetes
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Male Reproductive System
Female Reproductive System
Female Reproductive System
Pregnancy
Pregnancy
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Anatomy of Gastrointestinal System
Upper Gastrointestinal System
Lower Gastrointestinal System
Lower Gastrointestinal System
Macromolecular Digestion and Absorption
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)
Student Pathophysiology Lecs (2)

Appendix 3. Topics for Student Lectures in Biological Sciences Integrated II
Aortic Stenosis
Myocardial Infarction
Mitral Valve Prolapse
Hypovolemic Shock
Pneumonia
Chronic Obstructive Pulmonary Disease
Restrictive Lung Disease
Asthma
Urinary Tract Infection
Nephrotic Syndrome
Hypoparathyroidism
Hyperparathyroidism
Cushing’s Syndrome
Addison’s Disease

Grave’s Disease
Hypothyroidism
Complete Androgen Insensitivity Syndrome
Human Papilloma Virus Infection
Breast Cancer
Prostate Cancer
Peptic Ulcer Disease
Gastroesophageal Reflux Disease
Acute Pancreatitis
Lactose Intolerance
Hepatitis
Crohn’s Disease
Cirrhosis
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