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Effects of simulations on the learning of pharmacokinetic concepts

Obijective: Although the use of computer simulations in pharmacokinetics courses is not new, the
data on the effects of simulation on student learning are scarce. The objective of this study was to
design and evaluate the use of Web-based simulations on the learning of pharmacokinetic
concepts by doctor of pharmacy (PharmD) students.

Method: Six online modules were designed to allow the instructor and students to use “what-if”
scenarios for understanding the effects of various dosage regimens and/or pharmacokinetic
parameters on the plasma concentration-time courses of drugs. The designed modules were
intravenous and oral pharmacokinetic concepts, bioavailability, intravenous infusion, multiple
dosing, nonlinear pharmacokinetics, and hepatic clearance. The effects of simulation modules on
student learning were tested in pre/post tests for the multiple dosing module and in mid-term
assessments for the hepatic clearance concepts. Additionally, the students’ perceptions of the
effectiveness of the modules were determined using a survey.

Results: Compared with a pretest, a 10-min use of the multiple dosing module in class by
students resulted in a 21% improvement in the performance of the students in a posttest.
Additionally, the use of the hepatic clearance module outside the classroom was associated with
a 16% improvement in their performance in a mid-term assessment. Finally, the students’
responses to an attitudinal survey indicated that students believe the use of modules improves
their learning of pharmacokinetic concepts.

Conclusions: Online simulation modules dealing with pharmacokinetic concepts improve student
learning of pharmacokinetics.

Keywords: Pharmacokinetics; Simulation; Active learning; Online modules; Pharmacokinetic

concepts
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Introduction

Most of the efforts of the instructors of pharmacokinetics in the professional PharmD
programs are directed towards estimation of pharmacokinetic parameters and design of dosage
regimens (i.e., calculations). However, an understanding of major pharmacokinetic concepts is
also critical in prediction of the effects of changes in dosage regimens, disease states, and
interacting drugs on the plasma concentration-time courses of drugs. Therefore, a number of
instructors have used simulations to facilitate student learning of pharmacokinetic concepts.™™
This is consistent with the views of the Accreditation Council for Pharmacy Education (ACPE),
which considers the use of high-tech simulations in teaching as one of the innovative methods to
prepare future pharmacists for an expanded role in health care.*

Pharmacokinetics simulations allow students to explore "what-if" scenarios by examining
the effects of changes in the dosage regimen and/or physiologic/pharmacokinetic parameters on
the shape of the drug plasma concentration-time course in a self-directed learning environment.
Whereas the earlier works in the area of pharmacokinetics simulations used stand-alone

1791 more recently instructors use Web-based programs for simulation.®'° The Web-

programs,
based programs are advantageous over the stand-alone programs because they do not require
downloading and installing platform (Windows® or Macintosh®)-specific programs.
Additionally, the availability of relatively easy-to-use Web-based design programs allows
instructors to develop their own online simulation modules according to the need of their
students. Despite availability of many stand-alone and a few Web-based simulation programs,
assessment of these programs in terms of student performance is limited.? Therefore, the purpose

of the current communication is to report on the design, implementation, and assessment of such

modules for use in a pharmacokinetics course offered to PharmD students at Texas Tech



University School of Pharmacy. Our hypothesis was that the use of simulation modules improves

student learning of pharmacokinetic concepts.

Methods

Simulation modules

Simulation modules were developed by the instructor using a commercially-available,
Web-based database program. The modules consist of three windows as outlined in Fig. 1. In the
first window, the users select one of the simulation modules, which leads to the Input Parameters
window. The Input Parameters window allows the input of the pharmacokinetic and dosage
regimen parameters for two scenarios for side-by-side comparison of the results. After entering
the input parameters, the users view the Output Parameters window, which consists of estimated
pharmacokinetic parameters and graphs of plasma concentration-time courses and/or other
relevant graphs (e.g., AUC versus dose for the nonlinear kinetics module), comparing the two
scenarios.

Each module contains instructions for its use, which are posted online as a hyperlink to
the Input Parameters window. As an example, the instructions for the use of Multiple Dosing
module are presented in Appendix 1. These instructions consist of four elements of learning
objectives, input parameters, output parameters, and a step-by-step example on the application of

the module using specific parameters.

Role of modules in student learning
The effect of simulations on student learning in a pharmacokinetics course, which is

offered synchronously to local (Amarillo) and distant (Abilene) campuses, was tested using two



modules with different assessment methodologies. For the Multiple Dosing module, a pre/post
test assessment design was used to test the effects of the use of the module by students during a
limited time (10 min) in class. Briefly, during a class period devoted to multiple dosing, the topic
was briefly introduced for the first time by the instructor without the use of simulations.
Subsequently, students were given a 9-question, multiple-choice quiz during the same session.
The questions were related to concepts in multiple dosing, dealing with the effects of changes in
the dose and/or dosage interval on the degree of accumulation, fluctuation, and average steady-
state concentration (learning objective 2, Appendix 1). The students did not receive any feedback
on their answers or their grades in the pretest. After completion of the pretest, students were
allowed 10 minutes to use the online module in class using their individual laptops. They were
asked to use the instructions for the module (Appendix 1) to conduct the simulations, without
knowing that there would be a posttest. Afterward, the same quiz was re-administered, and the
pretest and posttest grades were calculated. A two-tailed, paired t-test was used to compare the
pre- and posttest grades for all students. Additionally, a two-way ANOVA with Bonferonni
multiple comparisons was used to test the effects of simulation (pre- and posttest) and location
(Amarillo and Abilene) on the performance of students in the quiz.

In the second assessment, the effect of the use of simulations by students outside the class
on their learning was tested using the Hepatic Clearance module. The simulation database was
first examined to identify students who voluntarily used this module during a 4-week period
starting with the introduction of the topic in class and ending with a mid-term examination. The
exam consisted of 25 questions, 4 of which were directly related to the clearance concepts
covered in the Hepatic Clearance simulation module. Subsequently, the effects of the use of the

simulation module on the performances of the students in the overall exam and the questions



related to the clearance concepts were evaluated. The differences between the grades of students
who did or did not use the simulations on their own were determined using a two-tailed, unpaired
t-test.

In addition to the performance data, an attitudinal survey was administered at the end of
semester to measure the student perceptions of the usefulness of the simulation modules in an
anonymous fashion. The survey consisted of 5 Likert-scale questions and 1 open-ended question
for comments. Chi square analysis was used to test the differences between the responses of the
students in Amarillo and Abilene to the survey questions.

The study was approved by the author’s Institutional Review Board under the exempt

status.

Results

Simulation modules
Overall, six simulation modules were developed for incorporation into the course, which

is offered synchronously to the second-year pharmacy students on both local (Amarillo) and
distant (Amarillo) campuses. The simulation modules were as follows:

1. Intravenous and Oral Pharmacokinetic Concepts

2. Bioavailability

3. Intravenous Infusion

4. Nonlinear Kinetics

5. Multiple Dosing

6. Hepatic Clearance



As an example, the Input and Output Parameters windows for the Multiple Dosing module
are presented in Figures 2 and 3, respectively. The instructions for the module (Appendix 1)
would direct the students to enter specific values for the dosage regimen and pharmacokinetic
parameters for two scenarios (Case | and Case Il) (Fig. 2) and observe the effects of changing
one or more parameters on the pharmacokinetic parameters and plasma concentration-time
curves (Fig. 3). The instructions in the examples are designed to achieve the stated learning
objectives for each module. To emphasize the relationship among major pharmacokinetic
parameters,™ all the modules are designed so that students enter volume of distribution and
clearance of drugs (Fig. 2), as opposed to elimination rate constant and volume of distribution.
For the multiple dosing module, students also enter the pharmacodynamic parameters minimum
effective and minimum toxic concentrations (Fig. 2). Although these latter parameters would not
affect the results, they are helpful for understanding the concept of fluctuation when viewing the
graphs (Fig. 3). By pressing “Change Input Parameters” button (Fig. 3), students can return to

the Input Parameters window (Fig. 2) and change other parameters for a new simulation.

Role of modules in student learning

The 10-minute use of the Multiple Dosing module in class by students themselves
improved the overall performance of the students (mean £ SEM) from 58.3 + 1.9% in the pretest
quiz to 70.8 £ 1.9% in the posttest quiz (p < 0.0001), which is equivalent to a 21% improvement
in the performance relative to the pretest score. Additionally, the two-way ANOVA indicated
whereas there was no effect of location on the performance of students, the module significantly

improved the performance of students in both Amarillo and Abilene (Fig. 4).



As for the Hepatic Clearance module, 58 students (46%) used and 69 students (54%) did
not use the simulation module outside the classroom during the 4-week period between the
introduction of the topic in class and the mid-term examination (Table 1). Whereas those
students who used the simulation module achieved an absolute 6% higher grade on the overall
exam, compared with those who did not use the module, the magnitude of the absolute difference
between the two groups was much larger (15.5%) with regard to the four clearance concepts
questions (Table 1). It may be argued that the group who used the simulation is academically
superior to that who did not use the simulation, hence resulting in higher performance of this
group in the clearance concepts questions. To remove this bias between the two groups,
performance of the students on the clearance concepts questions was corrected by their
performance on the remaining 21 questions in the exam. This was achieved by dividing the
clearance concept grade by the grade for the remaining questions in the exam for each student.
As demonstrated in Table 1, the unbiased, corrected clearance concepts grades for those who
used the simulation were 16% higher relative to those who did not use the module during the
monitored period.

The responses of the students to the survey questions regarding the use of simulation
modules are presented in Table 2. Eighty out of 89 students (90%) in Amarillo and 37 out of 39
students (95%) in Abilene responded to the survey. More than 75% of students agreed or
strongly agreed that the use of simulations by the instructor during the class sessions improved
their learning of pharmacokinetic concepts (question 1). A similar number of students also
(strongly) agreed that the use of in-class simulations by the instructor should be continued
(question 2). However, students were less enthusiastic about the use of simulations on their own

outside the class, as demonstrated by their answers to questions 3-5. Specifically, students were



almost split in their opinions as to making the use of simulations outside the classroom
mandatory (question 5). As for the two campuses, except for question 2, which Abilene students
rated more favorably, the responses to the survey questions were similar (Table 2). The students’
responses to the open-ended question regarding the simulations were in general agreement with
the quantitative data presented in Table 2. A number of students commented that they felt the
use of simulations by the instructor during the class was more effective than their own use of
simulations outside the classroom. Some students commented that when they tried to use the
simulations on their own, they got confused, but the use of simulations by the instructor was
clear and easy to understand. Overall, students’ comments indicate that they view the simulations

as an effective learning tool in the course.

DISCUSSION

The use of computers and the Internet to facilitate student learning in higher education
has increased substantially during the last decade. In addition to personal computers owned by
students, it is not unusual any more to see high-tech classrooms, equipped with computers or
other technological devices at the students desks, in most colleges and universities. At Texas
Tech School of Pharmacy, students are required to bring their own laptops to the classroom,
which is equipped with wired or wireless Internet access. Therefore, the use of online
educational materials by students and faculty is possible both inside and outside the classroom.
To take advantage of this opportunity, online simulation modules were developed to aid
students’ learning of pharmacokinetic concepts. The simulation modules were used by the
instructor, during class sessions to illustrate important concepts, and also were made available to

students, for use inside and outside the classroom. It was hypothesized that the use of the



simulations by the instructor during the class time would improve students’ understanding of the
concepts, particularly those who are visual learners. Additionally, it was assumed that the use of
the modules by students themselves would improve their learning because of their active
involvement in their education. Evaluative data presented here (Fig. 4 and Tables 1 and 2) are in
agreement with these hypotheses, suggesting the usefulness of the modules as a learning tool in
this course.

Obtaining valid and accurate performance data to evaluate the effects of a learning
intervention, such as simulation modules, is difficult without multiple interruptions in regular
class sessions. Therefore, the effects of the use of only one module by students were tested
during the class time. The use of the Multiple Dosing simulation by students in class for 10 min
resulted in an absolute gain of 12.5% in the posttest grades, which is equivalent to a relative gain
of 21% over the pretest value of 58.3%. However, this may be an underestimation of the true
effect of the module for two reasons. First, in this assessment, students were allowed to use the
module only during a limited time (~10 min) in the classroom because of time limitations of the
class session. Additionally, this assessment only measured the effect of the use of the module by
the students and not that related to the in-class use of the module by the instructor. As
demonstrated by the student survey data (Table 2), including student comments, most students
believed that the use of the modules by the instructor was very effective. Therefore, the actual
impact of the module on the learning of multiple dosing concepts may have been more than that
reflected in the presented performance data (Fig. 4).

To complement the data obtained by the limited use of the Multiple Dosing simulation
module in class, additional data were also obtained from the out-of-class use of the simulations

by the students. For this purpose, a second set of performance data (Table 1) was generated using



a different methodology and module (Hepatic Clearance Concepts). In agreement with the
pre/post test data (Fig. 4), the data in Table 1 clearly indicate that the voluntary use of the
simulation modules outside the classroom by students also significantly improves their learning
of pharmacokinetic concepts assessed in regular examinations.

Although the use of simulations in pharmacokinetics courses are not uncommon,**! the
reported evaluative data are mostly based on attitudinal surveys, which measure the perception of
the users regarding their effectiveness. Indeed, aside from a report by this author on Bayesian
analysis,'° the author is aware of only one study of pharmacokinetic simulations that reports
performance data.? In that study, Hedaya® administered a 10-question pretest to second-year
pharmacy students to evaluate the use of an online simulation module. The students were then
given unlimited time to use online pharmacokinetics simulations and some explanatory materials
until they felt comfortable with the material, before taking the test (posttest) again. The students’
grades were improved from an average of 5.4 to 8.9,% which is a much greater improvement than
that observed in our pre/post test design study (Fig. 4). Two major differences between the
Hedaya’s report and ours may have contributed to the differences in the performance data. First,
in our study, students were given only 10 min, as opposed to unlimited time allowed by Hedaya,
to work on the simulations. Second, our students were not given any additional reading materials
during the pretest and posttest period to improve their understanding of the concepts.
Nevertheless, despite more limitations, our study revealed a significant, although more moderate,
effects of the simulations on students learning.

Although the performance and survey data clearly indicate the usefulness of the
currently-designed simulation modules, several improvements are planned for the future. These

include design of new simulation modules for topics that were not covered by the current six
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modules. Additionally, the instructions for the use of the modules could be further improved by,
for instance, expanding the examples and interpretation of the results. Further, to allow students
to measure their level of understanding the concepts, the author plans to add self-assessment
exercises to the modules. Finally, to increase the use of the modules by the students on their own,
the instructor intends to make the modules a more integral part of the class activities. For
example, specific questions could be added to the current practice problems used in the class,

which can be answered by the use of simulations.

Conclusions

Online simulation modules for understanding pharmacokinetic concepts were designed
and implemented in a pharmacokinetics course offered to second-year pharmacy students. The
modules were used by both the instructor, for demonstrations during the class sessions, and
students, on their own time. The modules were evaluated by both performance data and an
attitudinal survey, both supporting the hypothesis that the use of simulation modules improves

student learning of pharmacokinetic concepts.
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Appendix 1. Instructions for multiple dosing simulations

Learning objectives

1. Predict the effects of loading dose on the plasma concentration time profile of drugs after
multiple dose administration.

2. Predict the effects of alterations in dose and/or dosage interval on the plasma concentration
fluctuation, accumulation, and the maximum, minimum, and average steady state
concentrations with reference to the therapeutic range.

Input Parameters

e Kinetic Parameters: Clearance (CL), volume of distribution (V), minimum effective
concentration (MEC), and minimum toxic concentration (MTC).

* Dosage Regimen Parameters: Dose, dosage interval (t), loading dose (Dr), and the number of
doses to be simulated (N).

Output Parameters

* The following parameters are calculated by the program: Dosing rate, plasma half life (t;),

ee)
max )’

average steady state concentration (C . ), maximum concentration at steady state (C

ave

o0

minimum concentration at steady state (C_. ), and accumulation factor (R,.). Additionally,

min

graphs of plasma concentration-time data are presented.

Example

I. Effects of Loading Dose
1. Enter required kinetic parameters (CL, V, MEC, and MTC) for Case I. For example: CL,

1.155 L/hr; V, 10 L; MEC, 10 mg/L, MTC, 20 mg/L.



Enter dosage regimen parameters for Case 1. For example: Dose, 100 mg; t, 6 hr; Dy, none
(leave blank); and N, 6. Please do not enter any value for Case II at this time.

Press the "simulate" button.

Observe the plasma concentration-time data. What is the degree of accumulation of the drug
using this regimen?

Please calculate an appropriate loading dose to reach steady-state immediately (maintenance
dose x Rycc).

Now press the "Change Input Parameters" button and change the loading dose value for Case II
to the calculated loading dose. For Case I, do not enter a loading dose.

Press the "Simulate" button and observe the plasma concentration time data for Case I and II.
What are the differences between the two cases with regard to the time to reach steady state,
Caer Cru> and Ci?

Now, for Case II administer a loading dose which is more or less than necessary. What are

the effects of inappropriate loading doses on the plasma concentration-time profiles?

I1. Alterations of Dose and/or Dosage Interval

1.

Please keep data for Case I as those above.

2. For Case II, change the dose to 200 mg with no bolus dose. Observe the plasma

3.

concentration-time profiles. What is the effect of an increase in dose on the degree of
accumulation, fluctuation, time to reach steady-state, and maximum, minimum, and average
plasma concentrations?

Now for Case II, change the dose back to 100 mg (like Case I) and only increase the dosage

interval to 12 hr. Observe the plasma concentration-time profiles. What is the effect of an



increase in dosage interval on the degree of accumulation, fluctuation, time to reach steady-
state, and maximum, minimum, and average plasma concentrations?

4. To see the effects of a simultaneous change in both dose and dosage interval, change the dose
for Case II to 200 mg and dosage interval of 12 hr. What is the effects of simultaneous
changes in both dose and dosage interval (while keeping dosing rate constant) on the plasma

drug concentration-time profile?

* Additional Optional Simulations: This module may also be used to observe the effects of

alterations in the kinetic parameters (CL and V) on the plasma concentration-time profile.



Start Window:
Select Simulation Module

!

Input Parameters Window:
Enter/Change Kinetic and Dosage Regimen Parameters
For Two Scenarios

!

Output Parameters Window:
View Overlaid Results and Graphs for Two Scenarios

Figure 1. Outline of the three windows used in the simulation modules along with the user
functions associated with each window.



Multiple Dosing Simulations

Instructions: Please enter ALL kinetic and dosage regimen parameters for Case L. For
Case II you may enter only those parameters which are different from Case I (if left
blank, the value will be copied from Case I). For examples and a more complete
instruction, please click here.

Input Data
Kinetic Parameter Case I Case I1
Clearance (L/hr) 1.155
Volume of Distribution (L) 10
Minimum Effective Concentration (mg/L) 10

Minimum Toxic Concentration (mg/L) 20

Dosage Regimen Parameter Case I Case I1
Dose (mg) 100 200
Dosage Interval (hr) [ 12
Loading Dose (if different than the
maintenance dose) (mg)
Number of Doses To Be Simulated 4

Simulate Reset

Figure 2. A screen snapshot of Input Parameters window for the Multiple Dosing simulation module.



Multiple Dosing Simulations

Input Data
Kinetic Parameter Casel Case II
Clearance (L/hr) 1.155 1.155
Volume of Distribution (L) 10 10
Minimum Effective Concentration (mg/L) 10
Minimum Toxic Concentration (mg/L) 20
Dosage Regimen Parameter Casel Case II
Dose (mg) 100 200
Dosage Interval (hr) 6 12
Loading Dose (if different than the maintenance dose)
(mg)
MNumber of Doses To Be Simulated 4 4
Results
Parameter Casel Case Il
Dosing Rate (mg/hr) 167 167
Plasma Half Life (hr) 6 6
Average Concentration at Steady State {mg/L) 144 144
Maximum Concentration at Steady State (mg/L) 20 267
Minimum Concentration at Steady State (mg/L) 10 6.67
Accumulation Factor 2 1.33

Case ] — —Case Il
--en---MEC ——=-MTC

Case | — —Casell
+---MEC ———-MTC

Conc. (mg/L)

60) ] &0

0 0 0 L]
Time (Hours) Time (Hours)

« You may print the above data and figures for your record.
« If you would like to change input data and simulate again, please press the
"Change Input Parameters" button.

|_Change Input Farameters |

Figure 3. A screen snapshot of Qutput Parameters window for the Multiple
Dosing simulation module.



Figure 4

75+
. Bl Pretest

* [l Posttest

70-

Grade (%)

Abilene Amarillo

Figure 4. Pre- and posttest grades of students in Abilene (n = 37) and Amarillo (n = 78) campuses.
Columns and bars represent mean and SEM, respectively. *, p < 0.05, *** p < 0.001.



Table 1
Performance of students (mean + SEM) in a pharmacokinetics examination consisting of 25

questions, 4 of which were related to hepatic clearance concepts covered in the simulations.

Module Grade (%)

Use (n) =
Overall exam Clearance concepts Corrected clearance concepts

Yes (58) 86.3+1.3 90.1+2.2 107 +3

No (69) 80.1+1.5 74.6 £3.6 92.3+4.38

P’ 0.0031 0.0007 0.0165

*Clearance concepts grade: grade for the remaining questions in the exam.
bUnpaired, two-tailed t-test comparison of data for those students who used simulations versus

those who did not.



Table 2

Response of students at the local (Amarillo) and distant (Abilene) campuses to survey questions about the simulation modules (» = 80
out of 89 students in Amarillo and 37 out of 38 students in Abilene).

Question Campus (n) Response (%) Mean®
Strongly Agree  Neutral Disagree  Strongly
agree disagree
1. The in-class simulations by the instructor ~ Abilene (37)° 51.4 37.8 10.8 0 0 441
helped me learn the pharmacokinetic . ¢
concepts. Amarillo (80) 37.5 37.5 25.0 0 0 412
2. The use of simulations by the instructor Abilene (37) 64.9 29.7 2.70 2.70 0 457
during the class sessions should be . d
continued. Amarillo (80) 40.0 33.8 25.0 1.25 0 4.12
3. | frequently used the simulation modules Abilene (37) 135 32.4 29.7 18.9 5.40 3.30
outside the classroom. Amarillo (80) 162 312 338 18.8 0 3.45
4. The use of simulation outside the Abilene (28) 25.0 46.4 14.3 14.3 0 3.82
classroom helped me learn the
pharmacokinetic concepts (answer this a0 74y 230 365 365 4.05 0 3.78
question only if you used the simulation;
otherwise leave blank).
5. The use of simulations by students outside  Abilene (37) 21.6 135 27.0 32.4 5.40 3.14
the classroom should be mandatory. .
Amarillo (80) 18.8 18.8 36.2 22.5 3.75 3.26

* Means are calculated based on the following scale: strongly agree = 5; agree = 4; neutral = 3; disagree = 2; strongly disagree = 1
® Out of 38 students

° Out of 89 students

d Significant difference between the two campuses, based on Chi Square analysis.
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