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Abstract 

 

The Development of an Interactive Simulation  

for Pharmacokinetics Learning  

 

Yin Li, MA 

The University of Texas at Austin, 2011 

 

Supervisor:  Min Liu 

 

This report accounts the experience of a faculty member’s intention of creating an 

innovative interactive learning simulation in the field of pharmacokinetics to support 

the faculty member’s teaching and addresses his students’ learning needs. The report 

also describes the collaboration process between the faculty member and the 

instructional technology support units through the different phases of design, 

development, implementation and assessment on the simulation. It also discusses a 

faculty member’s role in using technology to enhance teaching and learning under 

university context. 
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Chapter 1: Introduction 

This chapter discusses the background of technology integration in the 

classroom and how technology support personnel within universities may help 

instructors implement their ideas for technology integration. The study is then 

introduced, noting its purpose, significance and limitations. 

1.1 Background 

Decades ago, technology in classroom was still an emerging phenomenon. 

Though plenty of technologies were accessible to teachers (Anderson & Ronnkvist, 

1999; Jorgenson, Ho & Stiroh, 2005), few teachers used them on a large scale or 

innovatively (Cuban, 1998; Kent & McNergney, 1999; Loveless, 1996; Spotts, 1995; 

U.S. Congress Office of Technology Assessment, 1995). After years, with the effort 

of government, schools and universities, technology integration in classroom is more 

widely used (Albright & Graf, 1992; Green & Gilbert, 1995; Spotts & Mowman, 

1995).  Recently, technology-assisted teaching and learning has become more and 

more popular and common in schools (Horizon Report, 2011). An increasing number 

of schools have instructional technology coordinators or technology support units 

aimed at helping teachers to integrate technology in their classrooms. As a result, 

teachers have become more aware of how they can effectively use technology in their 

classroom (Zhao, Pugh, Sheldon & Byers, 2002). 



2 

 

As teachers gain more experience in using technology in their classrooms, 

they develop their own opinions on the technology that is best suited to their own 

classrooms (Mishra & Koehler, 2006). Under most circumstances, however, teachers 

have neither the technological knowledge nor time required to develop the 

customized technology they want and need (Fuller, 2002). To address this deficit of 

knowledge and time, instructional technology support units assume the responsibility 

for developing new technologies for faculty members (Fuller, 2002; Zhao, Pugh 

Sheldon & Byers, 2002). 

When collaborating with the development team to design the technology, 

individual teachers play an important role in helping the development team 

conceptualize the technology (Fuller, 2002; Cuban, 1998). Teachers are the initiators 

of the new technology in their classroom and need to communicate their ideas to the 

development team. Generally, teachers conceptualize the technology to the 

development team based on their pedagogical needs, while the instructional 

technology specialists provide consultations on appropriate technological solutions to 

meet the needs of the teachers. 

1.2  Overview 

This study documents the communication between the faculty and the 

development team to provide an understanding of the process of design, development, 

implement and evaluation of technology integration in a university context. The study 
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also investigates how the development team used instructional design models 

throughout the development process. After development, interviews and surveys were 

conducted on the faculty member and students to provide comprehensive details 

concerning the implementation of the simulation. 

This report describes faculty‘s intention for developing a series of innovative 

interactive simulations aimed at helping faculty member‘s teaching and addressing 

students‘ learning needs. The entire process and communication from beginning to 

the end of the project was documented to provide a realistic case description on how 

the collaboration and the process unfolded in the university context. Based on the 

interview with the faculty member, the relationship between the faculty member‘s 

previous experience and his willingness to integrate technology in his classroom were 

analyzed. In addition, the factors that would affect the technology integration in 

classroom and the faculty member‘s role in the process of development and 

integration were discussed. 

1.3 Purpose 

During the recent decades, the need for technology integration in the 

classroom has increased. In higher education, most universities have technology staff 

members available to support technology innovation in classrooms. While the 

practices in universities between the faculty members and technology support 

departments are becoming more common, there is relatively little literature to 
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document the process of the collaboration between the two parties. Though there is 

much research focusing on how to incorporate technology usage in the classroom, 

few studies describe the process of how technology innovation and integration can or 

should occur in schools. The purpose of this report is to provide practitioners and 

instructional specialists with an actual case description of the process of developing 

and integrating technology in the classroom with the support of instructional 

technology units or staff members in universities. 

1.4 Significance 

This study is significant for pharmacokinetics teachers who are seeking new 

approaches to help their students understand mathematical equations. In 

pharmacokinetics studies, mathematical models have been proved as a powerful and 

useful tool for understanding the processes (Argenio & Schumitzky, 1979), however, 

due to their limited mathematical skills, most pharmacy students did not understand 

the mathematical models. According to Zimmermann and Cunningham (1991), with 

the aid of visual imagination, students can transform the symbolic equations into 

geometric graphics, helping them better understand the process of pharmacokinetics. 

However, in the area of pharmacokinetics, most of the literature focuses on the 

pharmacokinetics theory and how to use technology to simulate the pharmacokinetics 

equations. Few studies describe how the technology is developed, how to collaborate 

with technology support units in universities and how the technology is used in the 

real classroom and students‘ reactions to the technology. 
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This study is also helpful to the instructional specialists who serve faculty 

members in universities and want to know if visualization can help students‘ learning. 

Compared to the rich literature that stresses the effectiveness of using visualization to 

help the students‘ understanding of mathematical learning on the theoretical level, 

there is less literature addressing the teacher and student experiences and learning 

outcomes derived from visualization techniques (Hedaya, 1998; C. Gomeni & R. 

Gomeni, 1978; Pong & Cheng, 1999). The feedback from the students and the 

interview with the faculty member on his personal experience of using computer 

visualization in this study provide valuable information for instructional specialists on 

the effectiveness of computer visualization on mathematical teaching and learning.  

1.5 Limitation 

This report describes a specific case of technology integration, focusing on an 

interactive simulation for pharmacokinetics teaching and learning in one faculty 

member‘s classroom. The findings are based on the particular faculty member‘s 

experience and his own class; thus the result and discussion may not apply to other 

situations. Teachers and researchers who are interested in adopting the result from 

this study should examine their own desired learning outcomes and pedagogical 

theory before applying the recommendations from this study. 

Due to the time constraints and class schedule at the university, classroom 

observation was not conducted; therefore, the investigation on the classroom usage of 
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the technology is based on the description of the faculty member. It should be noted 

that the students‘ interaction in the class with the professor may be subjective to the 

professor‘s personal feelings and may not reflect the actual classroom experience 

from the perspective of the students.  
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Chapter 2: Literature Review 

This chapter discusses the literature that provided the theoretical foundation 

for the study. The literature covered theoretical frameworks for instructional design 

and development which directed the process of the study. Theories of technology 

integration in the classroom are also discussed in this chapter. 

2.1 Theoretical Frameworks 

2.1.1 Learner-centered Learning Environment 

In the past, the teaching and learning methods focused on teacher‘s instruction. 

However, these traditional methods have been criticized for failing to cultivate 

students‘ critical-thinking and problem-solving skills (Brown, Collins, & Duguid, 

1989). Some educators state that the traditional teacher-centered methods led to the 

oversimplified and superficial understanding of the knowledge and concepts taught in 

the curriculum (Spiro, Feltovich, Jacobson & Coulson, 1991). To meet the needs of 

students, educators looked into another teaching method to focus on the learners. A 

learner-centered learning environment is one which stresses that ―people learn best 

when engrossed in the topic, motivated to seek out new knowledge and skills because 

they needed them in order to solve the problem at hand‖ (Norman & Spohrer, 1996, 

p.26). In a learner-centered learning environment, learners are given opportunities to 

actively explore and learn rather than passively listening to the lecture and reading the 

textbooks. 
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Research shows that learners benefit from experiences related to their prior 

knowledge other than learning pure facts ( Lawless and Pellegrino, 2007) and learner-

centered environments provide such opportunities for learners to apply personal 

experience to new information (Polly & Hannafin, 2010). When designing a learner-

centered learning environment, users‘ learning experiences should be addressed by 

providing guidance over new information (Wiggins & McTighe) and related 

knowledge so that prior knowledge is constructively recalled. 

Polly & Hannafin (2010) also maintains that learner-centered tasks help both 

teachers and students to discover the gaps in students‘ learning and provide practices 

to bridge these gaps. On the one hand, by using learner-centered tasks, students have 

necessary control over the learning environment, allowing the students to check their 

understanding of the knowledge. With practices and self-assessment, students 

discover their gaps in learning. On the other hand, professors promote active learning 

in the classroom by using learner-centered tools. The high involvement and 

motivation of students, combined with in-depth communication between the professor 

and students provide the professor with more information concerning student learning 

gaps and obstacles. 

2.1.2 Interactive Simulation 

Interactive simulation is one method that can be used to achieve learner-

centered learning environment. There are many definitions about simulation. One 

defines simulation as ―a working representation of reality . . . that may be an 
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abstracted, simplified, or accelerated model of process‖ (as cited in Galvao, Martins 

& Gomes, 2000). In a simulation, learners are given the opportunity to practice 

solving the real world problem within a similar context. In medicine education, 

Scalese & Issenberg (2007) refers to simulation as ―any approximation of actual 

clinical situations.‖ (p.46). Previous research showed that the uses of simulation in 

teaching medical-related courses have increased significantly and the learning 

outcomes are satisfying (Peng & Cheng, 1999; Vogel et al., 2006). 

Among all the simulations, one common thread is often included: interactivity. 

Stoney & Wild (1998) point out that interactivity is the key factor that can lead to 

better learning outcomes. Interactivity in learning process is defined as bi-directional 

conversation between learner and learning environment that helps learners make 

sense of the cognitive resources (Gavora & Hannafin, 1995; Milheim, 1995). 

Providing the learner with moderate control is one of the common factors for 

instructional designers to consider when they design an interactive learning 

environment (Schwier, 1992; 1993). However, what is challenging for designers is to 

achieve a balance between the extent of flexibility and constraint of the controls over 

the environment (Schwier, 1992; 1993). Too many controls can distract the learner 

from the core knowledge, making the environment difficult to use. Too few controls 

inhibit interactivity, thereby reducing the learners‘ participation. Furthermore, Vogel 

et al. (2006) defines ―interactive simulation‖ as a simulation in which the ―activities 

must interact with the user by offering the options to choose or define parameters of 
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the simulation then observe the newly created sequence rather than simply selecting a 

prerecorded simulation‖ (p. 231). The technology focused in this research falls into 

the interactive simulation category. 

2.1.3 Models for Instructional Design 

Designing and developing an instructional technology requires systematic 

plans and strategies. Smith and Ragan (2005) describe ―instructional design‖ as ―the 

systematic and reflective process of translating principles of learning and instruction 

into plans for instructional materials, activities, information resources and evaluation‖ 

(p. 2). Over the years, based on different learning theories, many models for 

instructional design have emerged. Gustafson and Branch (2002) and Andrews and 

Goodson  (1980) provide a comprehensive overview and comparison of major 

instructional design models. They also classify the models according to the context 

under which the models would best be applied. Certain models are suitable for 

industry, such as the Dick and Carey‘s (2001) and Smith and Regan‘s (2005). On the 

other hand, Morrison, Ross and Kemp‘s (2004) model and the backward design 

model by Wiggins and McTighe (2000) were intended for classroom instruction. 

Instructional design under university context is quite different from that in 

industry field in that: 1) the development cycle is short, 2) the developers are usually 

students who have busy schedules with course work, 3) the clients are faculty 

members, and their schedules are busy, and 4) funding is limited (Liu, Kishi & 

Rhoads, 2007). Liu et al. (2007) proposed a four-phased model from the practitioner‘s 
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experience that can be applied to the university setting. The four phases are: 1) 

Concept phase 2) Design phase 3) Develop phase and 4) Implementation phase. 

In each phase, planning and evaluation are integrated and performed 

iteratively. The technology described in this study applies this four-phase module 

which had been proven effective and successful. 

2.1.4 Pharmacokinetics Learning, Mathematics and Simulations 

Pharmacokinetics studies the time course of absorption, distribution, 

metabolism, and excretion of drugs and their corresponding pharmacologic, 

therapeutic, or adverse response in animals and man with the purpose of constructing 

mathematical models (Wagner, 1981). However, it is often difficult for pharmacy 

students to excel in pharmacokinetics because it requires a thorough understanding of 

the principles of mathematics (Peng & Cheng, 1999). Case studies prove that the 

traditional didactic method is not enough for students to understand the concepts, and 

students taught under traditional methodology and strategies did poorly on their 

exams (Pong & Cheng, 1999). Simulation can provide a better method for 

supplementing the traditional lecture. Previous research shows that interactive 

mathematical visualization simulation is a successful method for better teaching and 

learning experiences in pharmacokinetics education (Argenio & Schumitzky, 1979; 

Gomeni & Gomeni, 1978; Pong & Cheng, 1999; Tozer 1986). Research shows that 

visualizing the abstract mathematics expressions using computer graphic helps 

students to understand the pharmacokinetics mathematical equation concepts better. 
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Therefore, combining computer-based instruction, which enables the graphical 

presentation of the drug concentration-time profile with more traditional approaches, 

provides a more effective method for enabling students to understand how the change 

in parameters affects the overall disposition of the drug in the body (Hedaya, 1998). 

2.2 Teacher and Technology Integration 

To integrate technology into the classroom, most teachers struggle to 

accommodate with an unknown and possibly disruptive innovation in their 

classrooms (Cuban, 1986; Fullan, 1991; Hodas, 1993). Teachers are the first to 

personally work with the technology and can observe the effects of the technology on 

the classroom environment. It is important to investigate teachers‘ experiences with 

new technologies in order to have a full picture of the effectiveness of technology 

integration on the curriculum. 

Research showed that a teacher‘s personal characteristics play an important 

role in implementing technology in the classroom (Collins, 1996; Cuban, 1999; 

Loveless, 1996; Zhao & Frank, 2003; Zhao et al., 2002). In addition, their skills in 

using technology and their previous experience with teaching, beliefs and pedagogies 

are factors that influence the implementation of classroom technology integration 

(Ertmer, 2005; Zhao et al., 2002). Furthermore, Zhao et al. (2002) concludes three 

factors that affect classroom technology use: technology proficiency, pedagogical 

compatibility and social awareness. When designing the technology for a specific 
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faculty client, an instructional specialist should take these three factors into account 

by examining the faculty member‘s technology level, his willingness of using 

technology in his classroom and his ability to use available sources in his department. 

Failing to do so might lead to an unsuccessful implementation or discontinued use of 

the technology (Zhao et al., 2002).  

This chapter summarizes instructional design models that guide the overall 

design and development process and the learning theories that provide theoretical 

foundations for designing pedagogically-sound use of technology in the classroom. 

Moreover, the literature on technology integration provides valuable suggestions on 

developing successful technologies that apply to specific classroom. 
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Chapter 3: Process of Design and Development 

This chapter describes the process of design and development of the 

innovative simulation, including the concept, design and development phases 

according to the model proposed by Liu et al. (2007). The challenges and obstacles 

that emerged during the process are also examined. The chapter concludes with a 

detailed description of the simulation. 

3.1 Concept Phase 

In the concept phase, the faculty member discussed his initial concept, and the 

instructional specialist helped him to specify the concept from a pedagogical and 

technological perspective. After clarification of the concept, requirements and scopes 

of the project were established and then, discussed, revised and finalized. At the end 

of the concept phase, the development team was able to articulate the technology that 

the faculty member required. 

The project began with a proposal from a professor in the College of 

Pharmacy. In the proposal, the professor stated his idea of developing a series of 

interactive simulations to visualize the mathematical expression describing the drug 

concentration-time profile in different pharmacokinetics concepts. After studying the 

proposal, the development team understood faculty member‘s expectations from the 

project. The instructional specialist and the project manager discussed the 

application‘s required functionality and pedagogical goals. Any ambiguity and 
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questions the team had about the proposal were noted and prepared for discussion in 

the first meeting.  

The first several meetings were aimed at clarifying the questions that the 

development team had about the proposal. The topics discussed included: 1) the 

teaching and learning problems to be addressed by the technology; 2) existing similar 

technologies in use at other universities; 3) how and when the technology would be 

used; 4) how much time the faculty member could contribute to the project every 

week and 5) who would host and maintain the application after implementation. 

Teaching and learning problems: According to the professor, the course 

was for third year pharmacy students. Most students in pharmacy do not excel in 

mathematics, so it is difficult for students to understand the meaning of each 

parameter in mathematics expressions and how the change of parameters affects the 

value of the whole mathematical expression (Hedaya, 1998; Pong & Cheng, 1999). 

The professor mentioned, ―From previous teaching experience, students often 

overdose their ‗patients‘ because of their misconception about the mathematical 

expression. Some of them had no idea of the consequences of changing the value for 

a parameter.‖ (Stavchansky, personal communication, June 10
th
, 2011) To help 

students understand the pharmacokinetic principles correctly, the professor proposed 

the idea of using computer simulations to visualize the mathematical expressions. 

This kind of graphical presentation was proven to be very useful for ―presenting the 

interplay between the different pharmacokinetics parameters and for understanding 
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how the change in any of these parameters affected the overall disposition of the drug 

in the body‖ (Hedaya, 1998).  

The goal for this project was to develop six modules, which the professor 

would use in class to demonstrate the knowledge and to provide practice for students 

after class. The expected learning outcomes were 1) notable better class participation 

and understanding of the fact, and 2) improved learning results by the end of the 

semester. 

Existing similar technologies: During the meetings, the professor showed the 

development team some simulations developed by the Center for Simulation Safety 

and Advanced Learning Technologies at the University of Florida, which included the 

visualization of the mathematical equations and the animation to demonstrate the 

equation in run-time. These simulations were very similar to what the professor 

wanted to develop and provided a visual reference for the development team, thereby 

clarifying the conceptual phase. In addition to the existing technologies, the professor 

proposed more functionality, including scenarios for students to apply their 

knowledge to solve real-life problems and a tracking method to evaluate student 

progress during simulations. 

Timeline and scope: The professor planned to use the simulations in the 

spring, 2011 semester, which gave the development team three to five months to 

complete the project. Based on the timeframe, the busy schedule of the student 

developers and the workload of all six modules, the focus of the project became the 
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simulations and animations. Scenario practice and progress tracking were planned for 

phase II in the future. Because of the similar functionalities, the development team 

suggested using the existing technology developed by the other university; however, 

due to the incompatibility of the existing simulations with the professor‘s curriculum 

content as well as the large amount of cost for purchasing the copyright, the 

suggestion was abandoned.  

Availability of the faculty member: According to Liu et al. (2007), faculty 

members have limited time to contribute to the development process. In the meetings, 

the development team addressed the importance of the faculty member‘s active 

participation through the process and the professor expressed his willingness to 

cooperate with the team. It was agreed that weekly meetings would be held except 

when otherwise notified. The professor agreed to maintain communication with the 

team through email as needed. 

Host and maintenance: Since the technology support unit could only host the 

application for one year in order to test and ensure the applications worked correctly, 

the future hosting of the application required discussion. The faculty client contacted 

with the technology administrative person at the College of Pharmacy and confirmed 

that they would host the application once it was implemented.  

After the initial meetings and before the design phase, given the 

functionalities, effort was made by the development team to explore the technologies 

that could achieve the requested functionalities. In order to keep the small scale of the 



18 

 

development, after exploring several possibilities such as HTML with JavaScript, 

Actionscript 3.0 was selected due to the high demand on animation control.  

3.2 Design Phase 

During the design phase, the details about the design were discussed weekly. 

There were originally six modules, each of which explained a pharmacokinetics 

principle. Discussion focused on the layout and how they would behave. The team 

explained the procedure for producing applications, and the faculty member provided 

feedback on whether the team translated his vision correctly. Details were decided 

upon, including the prototypes for key screens, the way of navigation and how the 

interactivity worked. Timelines and milestones were discussed again and minor 

changes were made due to actual progress. Evaluation and assessment were also 

discussed during the design phase. 

In order to create the design, the development team needed the materials from 

the faculty member. These materials included 1) the mathematical equations for each 

module, 2) a list of all the controllable parameters for each mathematical equation, 3) 

the pharmacokinetics model for each module, 4) a brief introduction to each model 

and 5) The images for the simulated animations. 

After reviewing the provided materials, the team discussion focused on the 

logic of presenting the content. The logic of the website pages which held all the 

Flash modules together was simple, and the prototype for the website was finished 
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quickly. In the final version of the layout, all the modules would be accessible from a 

homepage which displayed the name and related model for each module (Figure 1). 

Within each module, the consistent layout was comprised of a brief introduction to 

the module and navigation buttons between the simulation and the homepage 

(Figure2). 

 

Figure 1: Homepage 
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Figure 2: Model Layout 

Other than the design for the website pages, most of the design work was 

complete for the individual Flash simulation. In the final layout for the Flash module, 

the screen was divided into several sections based on the identified functionalities. 

The sections were 1) the visualization of the mathematical equations in forms of a 

mathematical graphic, 2) the input area for parameters, 3) the simulated animation for 

the mathematical graphic, using a bucket to represent the human body and 4) the 

flow-chart style model for each module. The consistent layout among six modules 

was approved by both the professor and the team (Figure 3). 
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Figure 3 

The usability of the modules was considered when designing the modules. For 

example, when the user input an unreasonable value of the parameters, an error 

message would display and guide the user to input a reasonable value. When 

designing the layout, simplicity was one of the main focuses because the professor 

stressed the importance of keeping the navigation and operations straightforward and 

easy to use during the concept phase. 

At the end of the design phase, the team proposed a plan for evaluation which 

would address the learning goals, usability and learning outcomes. Evaluation was 

planned to be conducted on the professor‘s class in the form of a class evaluation.  

3.3 Development Phase 
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According to Liu et al. (2007), during the development phase, the process of 

development is organized based on the design from the previous phase. In order to 

guarantee the success of the product, all team members maintained communication 

and became involved during the development phase. At the same time, the client and 

the team communicated to ―fine-tune‖ the ideas generated from design phase as 

necessary. 

The development focused on the Actionscript 3.0 programming. Since the six 

modules followed the same pattern in how they functioned, the original plan for the 

team was to spend more time on the first module, and reuse it for the other five 

modules by changing only part of the code related to the equation. For all of the 

modules, the two functionalities involved hard coding to draw the mathematical 

graphic according to the input parameter and simulating the mathematical graphic 

using animation.  

The process of developing the simulation was also a process of learning for 

student developers. The development team did research on how to perform 

complicated mathematical operations within Flash using Actionscript 3.0 and on how 

to dynamically generate the graphics. Also, it was a technical difficulty to discern the 

algorithm for animation, which aimed at controlling the movement of each particle in 

the particle system at run-time according to the value of input parameters. 

The milestones were important in the development process since by each 

milestone, a visible functionality would be completed and feedback could be 
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collected from the client. For example, the first milestone was to complete the 

dynamic generated mathematical graph functionality according to the user‘s input 

value. The next milestone was to have a particle system in which every particle 

moved randomly within a bucket area. Another milestone was to control the number 

of particles in the bucket every frame (1/24 second) according to the mathematical 

expression with the entered value of parameters. The milestones kept the client 

informed of the progress of the development and helped the development team meet 

the project timelines. 

Though the first module was completed smoothly according to the timeline, 

applying the first module to the new one, the team encountered a new problem. For 

example, the first equation was a single expression, and for some other modules, the 

equations were ―piecewise function‖ in which the definition changes depending on 

the value of the independent variable. As a result, most of the codes that generated the 

mathematical graph needed to be changed. If the development team insisted that the 

professor provide all mathematical expressions at one time, the team could have 

studied all expressions and found an algorithm that would work for both single and 

piecewise function. However, the professor insisted in providing the expression one 

by one, which led to an inaccurate analysis of the expressions. 

After completing the modules, the last task was to develop the homepage that 

held all the simulations and provided necessary instructions to the users on the 
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homepage. It was relatively easy compared to the development of the simulations, 

and simple HTML and CSS were used to develop the home page. 

Overall, the development phase went smoothly after a detailed plan in the 

design phase was established. Though the time for development phase was relatively 

long, the communication between the development team and the client was less than 

the design phase since most of the time was spent on learning, researching 

technologies and debugging. 

3.4 Challenges 

During the concept, design and development phases, the team encountered 

several challenges when collaborating with the professor. 

In the concept phase, the first several meetings between the faculty member, 

project manager and the instructional designer were not efficient due to the 

unfamiliarity with the working style of the professor. Lacking clear goals and 

outcomes for each meeting was the main reason for the inefficient communication. 

After reflecting on the first two meetings and reviewing the project‘s need, the project 

manager analyzed the client‘s preference on collaborating, and then proposed a more 

efficient communication protocol. After discussion with the whole team, the project 

manager created a specific agenda and a list including the information that the 

professor needed to prepare, along with the expected receipt date. After completing 
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the specific agendas and goals for each meeting, the subsequent meetings were much 

more efficient. 

During the design phase, the team requested a list of materials that the 

professor would provide. Though the materials seemed straightforward, due to the 

different parties involved, some obstacles were confronted by the team. The equations 

and sets of parameters were the biggest issue that slowed the progress. Because the 

professor was busy with teaching and research, the time he could contribute to the 

project was limited, and it was hard to require him to be fully prepared for the 

equations and controllable parameter list. Sometimes, the equations the professor 

provided were not correct and time was spent correcting mistakes in the equations. To 

deal with this issue and to ensure the efficiency for each meeting, the project manger 

sent an email before each meeting to remind the professor of the materials that would 

be used for discussion in the following meeting. 

Another challenge the team encountered during the design phase was the 

client‘s insistence on explaining the pharmacokinetics principles to the team, which 

was not necessary for project development. To make the communication more 

effective and efficient, the team had made some clarification that the concept of 

pharmacokinetics was not the necessary information for development and design. It 

was helpful and necessary to inform the faculty member on how the development 

team worked so that he would know what he needed to clarify and what he did not. 
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In the development phase, the shift of student developer was a big challenge 

to keep the programming work progressing according to the timeline. The student‘s 

flexible schedule issue was also mentioned in previous research as ―student 

developer‘s schedule is not busy, but also unpredictable‖ (Liu, Kishi & Rhoad, 2007, 

p.41). At the beginning of the development, there were three student developers. 

After a month, one student quit the student programmer program and another student 

graduated. So for a long time, there was only one student developer working on the 

development of the application.  Knowing the uncertainty of the other two developers‘ 

future schedules beforehand, the project manager assigned the third developer as the 

lead programmer for this project and the other two would help the lead programmer 

finish some minor functionality. By doing this, if a developer left, the lead 

programmer could mentor the new team members and thus shorten the learning curve 

for the new developer. 

3.5 The Description of the Innovative Simulation 

The web-based simulation package is composed of six individual, interactive 

mathematical modules which enable students to visualize the effect of changing 

pharmacokinetic parameters on the time course of drugs in biological fluids. Students 

are able to change the value of the pharmacokinetic parameters to better understand 

the relation between the mathematical equation and the pharmacokinetics concepts.  
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The six modules are organized in a webpage with a brief introduction to 

pharmacokinetics at the top and the instruction for use at the bottom. On the home 

page, each module is presented with its name, model and equation, so the students 

can easily recall the related knowledge they had learned (See Figure 1). Within each 

module, a description about the principle is provided so that the students can review 

what they learned in class before they actually use the simulation application (See 

Figure 2). By reviewing the model, students can better understand the meaning of 

each parameter. In the simulation, students can simulate the graph for the model and 

compare the graphs with different parameter they had input. The animation on the 

right dynamically shows the trend of change of the drug with runtime drug 

concentration. (See Figure 3) 
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Chapter 4: Implementation and Assessment 

This chapter addresses the process of implementation and assessment for the 

innovative simulation. The classroom use of the simulation based on the interview 

with the professor is examined as well as the assessment of the simulation. The 

assessment took two forms: the professor provided feedback through an interview and 

students provided feedback through the course evaluation material. 

4.1 Implementation in Classrooms 

Implementation is the phase in which the product is put into use (Liu et. al., 

2007). During the implementation phase, the client and development team determined 

whether the product helped teaching and learning and whether the needs analysis and 

assumptions about the learners were correct.  

The implementation for the product was relatively simple since the 

simulations were web-based and the computer in the classroom was already equipped 

with internet access. There was no extra technical preparation needed in this 

case.  The professor used the simulation in the class and according to the feedback, 

the simulations worked well and students were able to understand the concepts better 

with the simulations. Also, the professor designed some real-life scenarios for 

students to apply their knowledge by using the simulations than without them. 

Overall, the simulations were integrated in the professor‘s teaching well. At the end 
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of the semester, the professor recommended this series of simulations to his 

colleagues to benefit more teachers and students. 

According to the professor‘s description of his use of the simulations, the 

implementation was successful. He used the simulation as an introduction to each 

new concept and also as a summary at the end of each concept teaching. The 

professor used it in a way of predict – prove. Given a scenario, students first gave the 

dose of drug for the patient and predicted how the drug would affect the patient. They 

then simulated their dose to see if the drug worked the way they predicted. For 

students, the simulation gave them an opportunity to ―solve the problem at hand‖ 

(Norman & Spohrer, 1996) rather than passively listening to the lecture in the 

classroom. The students could visualize the result of their judgment for the patient 

with the simulation, which gave them a more authentic experience than doing 

exercises from the textbook. By using the simulation, the students got actively 

involved in the learning process and showed great interest in using the simulation for 

learning the concepts. 

The professor also created some homework in BlackBoard for students to 

practice the concept. The simulation was an effective tool for students to check their 

answers. By monitoring the students completion of the homework in BlackBoard, the 

professor could track how they used the simulations since according to the professor, 

the students were not able answer the questions without practicing on the simulations. 

4.2 Assessment of the Technology Innovation 
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4.2.1 Interview 

The purpose for the interview was to understand the existing teaching method 

and possible problems in students learning. Also, collecting feedback and getting to 

know the professor‘s attitude toward the innovation were also a focus of the interview. 

The topics for the interview included 1) the difficulties in students learning 2) the 

teaching experience and students‘ performance after using the simulations, and 3) 

colleagues‘ attitudes toward these simulations. The questions used in the interview 

are listed in the Appendix at the end of this report. 

In the interview, we learned that the professor had more than 5 years 

experience in using technology to assist teaching, including laptop station and text 

projector. Several years ago, in order to deal with the complex mathematical 

calculation involved in the classroom teaching, the professor and his colleagues wrote 

a Macro (some pieces of codes) within Excel. However, the professor only used the 

Macro as a tool for preparing the materials for classroom and never used it in his 

classroom. When asked why he did not let the students practice with the Macro Excel 

application, the professor stated, ―that application gave the user too many controls 

and it would confuse the student.‖ The professor also mentioned that in order for the 

Macro Excel application to plot the graph, the user must provide several sets of 

parameter values which were not straightforward for students to understand the 

general trend. Compared to the other applications, the simulation that was developed 

by the team was more satisfying to the professor and he was happy about the product. 
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When asked about whether there were measurable or noticeable changes in 

student learning motivation and learning outcomes, the professor was satisfied and 

said, ―the students liked the application, and they showed better understanding of the 

concepts in class when they answered my questions.‖ The professor explained that 

the best part of the application was the ability to visualize the abstract concept. He 

said, ―Most students are visually driven when they learn, if not for every student.‖ 

Further, the professor explained learning difficulties in students‘ learning. The 

professor stated that the difficulties in learning pharmacokinetics was not pure 

mathematic difficulties, but how to understand the pharmacokinetic meaning for each 

parameters in the math expressions and what consequences would be by changing the 

value for a certain parameter. By practicing repeatedly with the application, the 

students would not only memorize the meaning of each parameter, but understand 

how the parameters affected the overall drug distribution. 

During the interview, the professor indicated his willingness to share the 

application with classes other than just the pharmacokinetics class. The professor 

mentioned that other five or six professors in the clinical and basic science 

departments within College of Pharmacy would find the simulations useful in their 

teaching. This was very inspiring news since the professor‘s willingness of passing 

the simulations to his colleagues proved the success of the product. 

In order to investigate how individual teachers‘ innovation could affect other 

teachers‘ classrooms, we asked the professor how he would introduce the simulations 
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to other professors. The professor stated that when he proposed for the project, he had 

initially had the idea of sharing the final product with his colleagues. During the 

development phase, he had shown some modules to his colleagues in their bi-weekly 

faculty meeting to gain feedback. He also invited his colleagues to his class for 

observation. He said he would like to have more colleagues to know these simulations.  

4.2.2 Course Evaluation  

By the end of the semester, the professor had included information related to 

the simulation in his course evaluation material. The evaluation provided the 

professor and instructional specialist with an opportunity to test whether the assumed 

learning difficulties were correct and whether the learning goals and objectives were 

achieved. The evaluation material related to the simulation included four parts: 1) a 

pre-survey focused on the difficulties they found in previous pharmacokinetics 

learning, 2) tasks to perform using the simulations, 3) post-surveys focused on the 

user experience during the task, and 4)a  post-survey focused on the instructional 

effect of the simulations. A copy of the survey is listed in the Appendix file.   

Several themes emerged from the evaluation survey. One theme focused on 

the difficulties associated with learning pharmacokinetic course content and the role 

of mathematics in the learning process. Unlike the previous prediction that 

mathematics was the main difficulty in understanding the concepts, most of the 

students claimed that mathematics was not a key factor. Though some of the students 

mentioned that mathematics was difficult, they also addressed that it was a time-
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consuming task to understand the math but not the primary issue in learning. Almost 

all students reflected that the main difficulty was applying the mathematical 

parameters to the factors that would affect the drug effect in real life biological 

system. Statements like ―it is difficult to understand what the math 

parameters/numbers mean in real life to the patient‖ were common in the feedback. 

Students felt frustrated understanding what parameters affect the real-life simulations. 

Some other students mentioned that there were many parameters that related to each 

other and at the same time had their own role in changing the drug‘s effect in the 

body. It is difficult to take all parameters into consideration, and at the same time, 

keep them separate.  

The second theme that emerged from the student feedback was that the 

simulations were less helpful without the professor‘s demonstration in class. Though 

most of the students said the simulation was straightforward and easy to use, they still 

needed the professor to explain how to change the value of parameters so that the 

value would make sense in real life. Some students suggested adding more examples 

so that they could be assured that they were using it correctly when they used it on 

their own. Some other students said they needed to learn how to decide which 

parameter to keep the same while changing other parameters. 

Almost all the students found the visualization of mathematical equations 

helpful to their learning. One mentioned that, ―changing certain parameters and 

seeing how the graph changed helped me to talk through the process happening in the 
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body by looking at the graphs.‖ Though much time was spent on animation during the 

development phase, few students found the animation more helpful than the graph. 

Regarding usability, all the students found the simulation easy to use and self-

explanatory. However, the reflection revealed that ―easy to use‖ did not equal 

―understand how to use‖. Without understanding the background concepts of the 

module, students were unsure whether they were changing the parameters correctly 

and whether the graphs they generated made sense in real life.   

Overall, the evaluation provided rich information about the student learning 

experience and helped both the professor and instructional specialist understand how 

the simulation could help their learning. 
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Chapter Five: Discussion 

5.1 Designing Technologies based on the Faculty Member’s 

Characteristics 

Understanding the kind of design and technology suitable for the faculty client 

is essential. Careful study of the faculty member‘s previous teaching experience and 

pedagogy, as well as their technological attitude and skills would help ensure the 

success of the final product. The project would be a failure if, after the development, 

a technology is used in the classroom or is only used for a short time and then 

discontinued. To determine whether a technology innovation was appropriate for the 

faculty and the classroom, Zhao et al. (2002) proposed eleven factors which fell into 

three interactive domains to help in the decision making. The three domains are: the 

innovator, the innovation and the context. Zhao et al. (2002) concluded that the 

successful educational technology innovation would have a lower degree of distance, 

dependence or both to the innovator and context. As the distance and dependence 

among the three domains increase, more obstacles arise. 

It is important to investigate the distance between the innovator and the 

innovation. The professor—as the innovator—had more than five years experience 

teaching with technology. During the class observation, the team observed that the 

professor felt comfortable using technologies (projectors, internet & BlackBoard) to 

assist his teaching. The professor also had experience developing technological 



36 

 

innovation himself, so he was familiar with technology. The previous experience of 

the professor with technology led to a very low distance between himself and the 

innovation, which, according to Zhao et al. (2002), would make the implementation 

easier. 

When the team investigated the distance of innovation and the context, they 

also found low distance, suggesting successful adoption. The simulation is a web-

based application, thus it does not require additional technology upgrades or 

assistance with its context. Another element of the context lay in the professor‘s 

current practices (Zhao el al., 2002). The innovative simulation was well-suited to the 

professor‘s current teaching practice, which already included the internet element. 

Moreover, the professor was comfortable with student-centered learning, which is the 

reason the simulation was designed to address students‘ needs in learning. 

Finally, the distance between the innovator and the context was the last one to 

be considered, according to Zhao et al. (2002). The context that interacted with the 

professor included the technological human infrastructure and organizational culture. 

The university at which the professor worked encouraged instructors to innovate with 

technology to enhance teaching and learning. The university had a department which 

specifically served faculty members with technological support and aimed at helping 

faculty members to implement instructional technology innovations. So the culture of 

the university was favorable and friendly toward technology innovation in the 

classroom. From the hardware aspect of context, every classroom in the university 
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was equipped with a multimedia computer console with high speed internet and the 

instructors could access hardware and software with little effort, which aided in the 

implementation of new technology. Taking these factors into consideration, the team 

realized that the distance between the professor and the context was also low. By 

examining all three distances that Zhao et al. (2002) addressed, the team predicted the 

success of the simulation since all the three distance were low. 

5.2 Collaboration between Faculty Member and Student Developer 

There is less literature and research focused on the development of faculty 

member‘s innovative ideas for using technology in classroom. Liu et al. (2007) 

discuss the characteristics for the instructional technology that developed under 

higher education context. The case reports cited in this report correspond to the 

results in the research by Liu et al. (2007) concerning the student and faculty roles in 

the university context. 

Student developers have the opportunity to apply their technical skills in 

helping faculty members develop the technologies they need; however, their 

schedules are flexible and unpredictable. They might graduate or decide to quit the 

part-time job at any time. In the case of this project, frequent student developer 

changes occurred, and that can lead to unwanted delay of project deliverables and 

frequent experiences of a learning curve for new members. As a project manager 

under this situation, one should plan thoroughly beforehand by preparing for the 
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possibility of personnel changes during the project and develop strategies to prevent 

or decrease unproductive time periods. 

The scenario discussed in Liu et al.‘s paper about the lack of awareness of 

learning goals for student developer during the development did not happen in the 

case described in this report. In this study, the technical part seemed more 

independent from the instructional purpose. Because of the model used, all of the 

learning goals and instructional strategies were planned in the design phase; 

subsequently, when came to the development phase, the programmer only needed to 

translate the design plan into codes. Actually, paying too much attention to the 

instructional strategies in the development phase can distract and confuse the student 

developer, thus lead to inefficient working process. A more effective way of binding 

the programmer and the instructional elements would be to have the instructional 

technology specialist involved in both the design phase and develop phase so that 

sound instructional effectiveness is assured for the delivery after the design phase. In 

the development phase, the programmer only needed to translate the design in to 

technical language. If the programmer had questions about the design document, the 

instructional technology specialist could serve as both a technical and instructional 

consultant. 

The faculty member was always busy and it was hard to have him in a regular 

team meeting. He was sometimes unable to guarantee the promised content. Working 

under a higher education context, the entire team needs to be highly goal-oriented and 
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stay ahead of the final deadline. Establishing clear and measurable goals for each 

meeting and milestone on the timeline worked well in the project discussed in this 

report. 

Another trend that emerged during this project was that the content 

development and design were often not a focus of the instructional technology 

development process in a higher education context. The faculty member mostly 

worked as both the subject matter expert (SME) and the instructional designer 

because they know how to teach their subject matter. They can provide structured 

content that is ready for the learners to learn. This is very different from the learning 

technology development process in industry, where the SMEs and clients usually are 

not familiar with instructional design and teaching strategies. In that case, the 

instructional designers must guide the SMEs to organize the knowledge they know so 

that the knowledge is structured for learners to learn (Keppel, 2001; Lee & 

Mehlenbacher, 2000).  

5.3 Context, Individual and Expansion of the Technology Integration 

Individual teachers are the key to certain classroom scale technology 

integration in that they know their students, and some of them use innovative methods 

and are willing to teach with technologies (Zhao et. al, 2002). The environment under 

which the teacher works plays an important role in shaping the teacher‘s belief of 

teaching (Ertmer, 2006). Fullan (2007) states the importance of shared meaning in 
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helping teachers to strive for an educational change. The shared meaning is known as 

a common belief and culture shared by a group of people. The adoption of the new 

technology in this case is closely related to the existing shared meaning and at the 

same time became part of it. From the professor‘s description of the bi-weekly 

faculty-student meeting on innovative teaching, the existing shared meaning was that 

the instructors in the department valued innovations and technologies, and they kept a 

workable protocol for exchanging new ideas. 

Strong interactions can be found between the innovative simulation and the 

shared meaning held by individual professors. On the one hand, the simulation is 

proof of the shared meaning. As a member of the teaching community, the professor 

was influenced by the shared meaning; thus, he was an active innovator and open-

minded educator. The data shows that among all the instructional technology 

proposals received by the teaching technology supportive department, the proposals 

from the College of Pharmacy made up a large percentage. This suggested that as a 

community, the College of Pharmacy shared a meaning of valuing technology 

integration in classroom. This shared meaning will encourage the individuals to 

innovate and try new ideas in their teaching. 

On the other hand, the shared meaning helps the expansion of the technology 

integration. The professor mentioned that all the faculty members in the College of 

Pharmacy were invited to attend a bi-weekly meeting to exchange new ideas and 

effective practices in their classrooms. The professor had shown the innovation in one 
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of these meetings and suggested other professors to try the application in their 

classrooms after he first used the application in his own class. The professor also had 

some faculty members observe his class when he used the application. Because the 

atmosphere of sharing new ideas helps the expansion of this technology integration in 

the future, it will benefit more students and teachers. 

Chapter 6: Conclusion 

In this report, the collaboration between a faculty member and the university 

technology support personnel for developing an interactive simulation for 

pharmacokinetic learning is studied. The process of the production of the technology 

addresses five phases: concept phase, design phase, development phase, 

implementation phase and evaluation phase. The report also discusses the factors 

necessary for successful technology integration and the faculty member‘s role in the 

technology innovation in classroom. This report provides references for both faculty 

members and instructional specialists who were interested in developing and 

integrating technology for classroom within a university context. 
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Appendix A: Interview Questions and Topics 

1) About the course 

 The course name: 

 Is that a required class? 

 The importance of this class in the students‘ whole undergrad study. 

 Is that an important foundational course for all pharmacy student in their 

undergrad program? 

2) Student‘s demographic: 

 Which year are the students in? 

 How many students are there in the class? 

3) What was the most difficult part for students to understand when you taught this class 

in previous semesters? What do you think is the cause of this difficulty in 

understanding? How did you solve this problem? 

4) How do you think doing this project would help students learning?  

5) What is the expected change in students learning outcomes after you used this 

application? 

6) Were there any difficulties when you designed and developed the application with the 

develop team?  

7) Are there any difficulties in getting support from your superior or colleague? If yes, 

what are they and how you overcome them? 
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8) Do you hope that you colleagues in the department will use this technology? If yes, 

who will use it? 

9) About the professor‘s teaching strategy 

 Existing teaching method 

 How would you integrate these simulations into your teaching? 

 How often will you use the simulation in your class and how often do you 

expect the students use it after class? 

 Did you let students do homework using these simulations? 

10) About the expansion of the technology integration 

 How many professors  might find this simulations useful? What classes they 

are teaching? 

 Do you know that are there other professors using any simulations or software 

to assist their teaching? 

 Would you in the future introduce these simulations to your colleagues? If yes, 

how would you do that? (e.g. formal meeting, oral recommendation, etc.) 

11) Are you satisfied with the simulations? 

12) Do you see better understanding on the concepts after you used this simulations? 
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Appendix B: Project Objectives and Timeline 

Need of the Project to be addressed 

Faculty member needs a flash based interactive simulation module to visualize 

the effect of diverse pharmacokinetic parameters on the time course of drugs in 

biological fluids. 

Product and/or Service Description 

 Seven web-based modules which will visualize the equation as the 

value of parameters changed.(using Flash) 

 Students can change the parameter in the equation using slider or input 

box. 

 The image will reflects the changing of value of parameters in the 

equation. 

 Member of the client team will help with the graphic design. 

 The website will be hosted in Web Central after development. 

Project Objectives 

 Students will be able to change the value of the pharmacokinetic 

parameters to better understand the mathematical principles which drive these 

concepts and processes. 
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 The simulations will allow the students to estimate a dose and dosing 

interval to compensate for the changes in physiological parameters of patients with 

various diseases. 

Timeline of Deliverables 

 05/01/2010-06/01/2010 – The graph of the first equation using slider. 

 06/02/2010-06/20/2010 – The graph of the second equation using 

slider and images design 

 06/20/2010-07/20/2010 – The graph of first equation using input box 

and images design 

 07/21/2010-07/31/2010 – Finalize the images 

 08/01/2010-08/31/3010 – Complete the image animation in according 

to the equation  

 09/01/2010-09/15/2010 – Apply the first module template to equation 

2 and equation 3 

 09/16/2010-09/30/2010 – Apply the first module template to equation 

4 and equation 5 

 10/01/2010-10/15/2010 – Apply the first module template to equation 

6 and continue to fix any problems that emerge through the process. 
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 10/16/2010-10/23/2010 – Depend on the difficulties the problems 

emerge during the previous timeline period, this week may be used for debugging and 

testing.  

 10/16/2010-10/23/2010 – Client prepare for group of students for 

testing 

 10/24/2010-11/08/2010 – Conducting the testing 

 11/09/2010-End of November – Fix the problems emerge in the 

students testing. 

Success Criteria 

 Instructors find this application useful in their teaching. 

 The application achieved the functional proposed in the product 

description part. 

Involved Parties 

 Client -  

 Project Manager –  

 Project Team –  

Known Risks and Constraints 

 The application must go by ________ 
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 The following functionality is discussed to be in the Phase 2 which is 

not in the scope of this project. 

 Each module includes several scenarios (the number need to be discussed) 

and student will give proper value to parameters to solve the problem addressed in the 

scenario. 

 The whole application will be EID protected, that means any people with 

EID can access to the application.  

 

Document Prepared By Document Approved By 
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