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Abstract: In this project we introduce a learning tool created to enhance student understanding of 

cytochrome P450 mediated drug metabolism. Traditionally this concept has been presented to 

students as a static, 2-dimensional representation as a diagram in textbooks. To facilitate the learning 

of today’s students – who have grown-up in a digital world and are accustomed to working with these 

technologies – we created a digital response to the problem of learning this pharmacologically-

important metabolic pathway. This computer-generated animation allows students to manipulate the 

enzymes, cofactors and drugs so that they can learn through a self-paced discovery process. Exam 

performance was compared between students who used the application and those who did not. There 

was a significant score improvement on 6 out of 7 content-specific questions. 
 

 

Background 
 

In professional colleges there are critical concepts that will influence student learning in a significant way in different 

courses and in their profession. Cytochrome P450 monooxygenase (CYP450) is the most important family of enzymes 

involved in drug metabolism (Guengerich 2006). There are numerous examples of variable drug metabolism between 

individuals that are caused by variations in the inheritance of these enzymes (Lynch & Price 2007). With the movement 

toward personalized medicine, it is important that pharmacy students and other students in the health professions have 

a sound understanding of how this enzyme works. However, the enzyme has a rather complicated reaction mechanism 

that may be difficult to understand.  

 

Mayer (2002), in the Cognitive Theory of Multimedia Learning, elaborated three cognitive science principles of 

learning. These are the Dual Channels Assumption, Limited Capacity Assumption, and Active Processing 

Assumption. Dual Channels Assumption states that humans process visual and auditory information in two separate 

channels. Limited Capacity Assumption states that in each channel humans can only process a certain amount of 

information at one time. In order to be engaged in active learning humans need to attend to relevant incoming 

information, organize selected information into coherent mental representations, and integrate mental representations 

with other knowledge. That is what Active Processing Assumption states. 

 

For years researchers have conducted educational studies to investigate the role that animations play in teaching and 

learning. Comparing with pure text or static graphics, animations can be more helpful in explaining complicated and 

dynamic concepts (Hwang et al. 2012), visualizing the steps, reactions and physiological mechanisms that are not 

visible or too microscopic (Hegarty 2005, Kesner & Linzey 2005). Studies also showed that animations are effective 

in helping students’ understanding of the concepts (Hays 1996, Hwang et al. 2012). Animations are shown to be able 

to facilitate retention of the information (Hwang et al. 2012). Students who used animations achieved significantly 

higher than those who didn’t (Trevisan et al. 2009). Some studies also found that animations helped students 

affectively in motivating them to learn (Hwang et al. 2012, Lowe 2004).  
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Research studies also demonstrate that when students are actively engaged in the learning they learn better (Eison 

2010, Prince 2004). Student interaction with course contents is the very key factor for success (Murray et al. 2012, 

Zimmerman 2012). Hake (1998) reported that students’ test scores were approximately doubled in the actively-

engaged learning classroom. 

 

This project introduces a student self-directed interactive animation tool created to enhance student understanding of 

CYP450 mediated drug metabolism. Traditionally this concept has been presented to students as a static, 2-

dimensional representation as a diagram in textbooks. To facilitate the learning of today’s students – who have grown-

up in a digital world and are accustomed to working with these technologies – we created a digital response to the 

problem of learning this pharmacologically-important metabolic pathway. This computer-generated animation allows 

students to manipulate the enzymes, cofactors and drugs so that they can learn through a self-paced discovery process. 

 

 

Design 
 

Software Development 

 

Common and reaction-specific steps in the CYP450 catalytic cycle were first diagramed in a Microsoft Visio 2010 

flowchart, which was then used to generate a semi-animated storyboard using Microsoft Powerpoint 2010. The 

storyboard was then used by the software designer as a guide for writing the application HTML5 program using 

Jquery, kineticJs and MediaElementJs JavaScript tools. Audio narration was recorded in a recording studio at The 

College of Saint Rose (Albany, NY) and the animated objects were synchronized with the audio recording. Sound 

effects were obtained from FreeSound.org and linked to the graphic objects in the interactive mode of the application. 

Links to abstracts in PubMed or to full-text online peer-reviewed journal articles were placed in text frames that were 

hyperlinked to graphic objects. Chemical structures were drawn using ChemSketch (ACD/Labs, Toronto, Canada). 

Two- and three-dimensional representations of the CYP450 and cytochrome P450 reductase (CPR) enzymes were 

based upon published literature (Bayburt & Sligar 2002, Ellis et al. 2009). 

 

Learning Program Format 

 

Cyber-CYP is a learning program that consists of two modes. One is the tutorial mode showing the cytochrome P450 

catalytic cycle divided into a sequence of 8 steps (Fig. 1), each having its own animation scene. Each step is fully-

animated and is launched by clicking on a forward arrow (Play button) located within a navigation bar in the right 

upper corner of the animation window. Above the navigation tools (Reverse, Play and Forward) is a drop-down menu 

listing the 10 reaction choices. The first choice, “Complete Reaction – Ibuprofen” contained the complete 8-step 

reaction sequence for the hydroxylation of ibuprofen. The other 9 reactions did not include the first 6 steps, which are 

 

 
 

Fig. 1: Catalytic cycle for cytochrome P450 monooxygenase. 



common to all of the cytochrome P450 reactions, but did show the last two steps which vary according to the type of 

reaction. These additional reactions used a substrate which has been documented to undergo the specific reaction. 

When each step of the tutorial mode is played, an audio narration accompanies the animated process. In addition to 

the audio narration, a corresponding text outline appears in a sidebar to the right of the animation window. The 

animation and narration can be stopped at any time by clicking on the stop button in the navigation bar. Identification 

of animated objects and additional information on the object (e.g., cytochrome P450 reductase) can be obtained by 

double clicking on the object and reading the information in the textbox that appears or by following a hyperlink 

within the textbox to citations in the PubMed database. 

 

The interactive mode is similar to the tutorial mode in that the animation windows have a similar appearance and have 

identical navigation bar controls. Movement between the two modes is accomplished by clicking a link at the lower 

left corner of the animation window. The same 10 reaction selections are available in the drop-down reaction menu. 

Although the complete reaction sequence uses ibuprofen in both the tutorial and interactive modes, the other reactions 

do not use the same substrates in the two modes. The change in substrates between the 2 modes is intended to challenge 

the student’s understanding of the reaction process, after the student has had sufficient practice using the tutorial mode 

reactions and the complete reaction sequence in the interactive mode. Another significant difference between the two 

modes is that the interactive mode animations are semi-automated rather than being fully automated, as they are in the 

tutorial mode. This means that the student must select the object and initiate its movement at the proper time during 

the reaction sequence. Due to the formative assessment nature of the interactive mode, there is no narration, but rather 

there are audio prompts signaling successful or unsuccessful completion of each task. Thus the student must interact 

with the objects and receive feedback through sound-effects, giving the interactive mode a “video game” feel. 

 

Learning Program Assessment 

 

Cyber-CYP was tested on students taking the “Principles of Pharmacology and Medicinal Chemistry” course at 

Albany College of Pharmacy and Health Sciences during the fall semesters of 2013 (215 students) and 2014 (238 

students). All students were asked to use the Cyber-CYP learning tool and compliance with this request was 

encouraged by making it an assignment providing an extra-credit point. Exam question responses were collected 

without any personal identifiers and the study was granted a human subjects waiver by the institutional IRB. Six 

questions related to knowledge of cytochrome P450 metabolism were selected from the 2013 course exam on 

metabolism. These questions were also used in the exam given in 2011, but this was a time when Cyber-CYP was not 

available to students (275 students). Therefore, the 2011 exam question data was used as a control group for this study. 

The exam given in 2014 inadvertently excluded one of the questions, so only 5 questions were evaluable for this 

group. Most of the students taking this course received instruction through a synchronous distance-learning process 

at the Albany, NY campus (i.e., video conferencing). The remaining students in the class received instruction through 

a traditional face-to-face lecture at the Colchester, VT campus.  

 

After the metabolism unit was completed, the instructor (Dr. Karen Glass) invited students to participate in an online  

survey (Qualtrics Survey Software) that asked questions about students’ experience using Cyber-CYP. The survey 

instrument asked students to select a categorical answer to some of the questions (e.g., yes or no, attempts frequency, 

time interval).  Other questions asked students’ perception of the technical quality and pedagogical value of Cyber-

CYP based on their experience with the application. Since these questions were of a more subjective nature, a 5 point 

Likert scale was used for data collection. Qualitative data was also collected in a written comments section of the 

survey. A poor response rate to the survey occurred in 2013, so only the 2014 survey data is presented. 

 

 

  



Results 
 

Exam Question Performance 

 

Of the 6 exam questions that assessed knowledge of CYP450, students from the 2013 cohort demonstrated 

significantly improved scores on 5 questions and students from the 2014 cohort demonstrated significant improvement 

on 3 out of 5 questions (Tab. 1). Scores on questions 1 through 4 were increased in the 2013 and 2014 classes, 

respectively, (compared to the 2011 control class) as follows; Question 1: 8.2% and 9.9%, Question 2: 6.9% and 6.8%, 

Question 3: 14.7% (not tested in 2014) and Question 4: 15.0% and 14.6%. Question 5 was significantly increased by 

4.1% in the 2013 class, but non-significant increases less than 3% were observed for Question 5 in the 2014 class and 

for Question 6 in both class years. 

 

Question 2011 2013 2014 

Question 1: Knowledge of general reaction types 
247/28 

 

209/6 

p = 0.001 

235/3 

p < 0.001 

Question 2: CYP450 isozyme characteristics 
250/25 

 

209/6 

p = 0.004 

231/7 

p < 0.001 

Question 3: Specific CYP450 reaction types 
213/62 

 

191/24 

p = 0.001 
ND 

Question 4: CYP450 inhibition 
238/37 

 

214/1 

p < 0.001 

236/2 

p < 0.001 

Question 5: Characteristics of drug interactions 
263/12 

 

214/1 

p = 0.008 

230/8 

NS 

Question 6: CYP450 reductase function 
261/14 

 

209/6 

NS 

227/11 

NS 

 

Tab. 1: Comparison of exam question scores for students that had used Cyber-CYP 

(2013 and 2014) to those who had not used Cyber-CYP (2011). Data is expressed 

as # correct responses/# incorrect responses. 

 

Survey responses were obtained from 171 students in the 2014 class year, for a response rate of 71.8%. All of these 

students had attempted the Cyber-CYP tutorial mode and 159 students (93%) had attempted both the tutorial and the 

interactive modes. Most of the respondents had attempted the tutorial mode multiple times (70.3%) but most had only 

attempted the interactive mode only once (63.8%). Roughly two-thirds of the respondents (67%) worked with both 

modes of the application for a total duration of 30 to 120 minutes. The quantitative survey data indicated that 70% or 

more of the respondents (those indicating “Strongly Agree” or “Agree”) found Cyber-CYP useful in helping them 

understand this important enzyme’s function in drug metabolism (Fig. 2). A similar percentage of the students reported 

that they felt the software was easy to use. However, the written comments paint a somewhat different picture because 

the majority of these comments were about numerous technical difficulties encountered with the software and the need 

for greater feedback to the student when working in the interactive mode. 

 



 
 

Fig. 2: Survey responses from 2014 class students that had used Cyber-CYP. 

 

 

Conclusions 
 

Our working hypothesis that complex and dynamic processes can be more effectively communicated using student-

centered, self-paced and interactive animations has been supported by this study. The most conclusive evidence is the 

improvement in test scores that were related to the content addressed by the learning application (Cyber-CYP). Survey 

data from students who had used Cyber-CYP had indicated through Likert-scale selections and through written 

comments that they felt this interactive gaming approach motivated their learning, provided potent visualization of 

complex material and improved retention of the material. However, the student feedback has also clearly shown us 

that further improvements in the software are required to improve the stability of the animations and to provide greater 

feedback in the interactive mode.  
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