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Abstract 
Patient case-based simulation is a valuable tool for medical education and 
professional medical training. The use of patient simulations is limited in the 
real world by a reliance on live actors or expensive, manikin-based expe-
riences. These experiences are limited in reach, may be inconsistent due to 
variation in actors, and are expensive to implement. We developed an online 
case simulation that reproduces many elements of the traditional live-action 
simulation while incorporating advantages of computer delivery, including 
immediate feedback on clinical choices, consistency across users, and 24/7 
availability. The Patient Case Simulation was presented using an interface 
based on a typical Electronic Medical Record to be familiar to the medical 
professional audience. The simulation experience followed the standard se-
quence of events in a typical encounter between a medical professional and 
patient in a clinic setting. We conducted formative testing with over 250 us-
ers, and a summative test with 35 users. We were able to develop and refine a 
successful case presentation format. Results and lessons learned are pre-
sented.  
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1. Introduction 

Today’s medical professionals are used to an environment rich in media and 
connections, and want more engaging and interactive educational experiences 
because of this. New media can provide a solution, offering additional avenues 
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for medical education beyond the traditional venue of the large lecture halls 
common to both undergraduate medical education and continuing professional 
medical education. Use of standardized patient actors or elaborate simulation 
centers are a “gold-standard” of undergraduate medical education, but can be 
prohibitively expensive and logistically challenging (Maloney & Haines, 2016) 
even for medical schools, and are seldom used for professional education. Se-
rious games can include case-based training and the use of simulated patients, 
and are often-used learning tools in medical education (Karagiorgas & Niemann, 
2017; Olszewski & Wolbrink, 2017; Wang et al., 2017). Virtual case simulations 
have been used successfully to train medical students via environments that 
duplicate the real-world challenges of patient care. Hands-on learning in these 
environments helps to increase retention of knowledge and application of skills 
(Gorbanev et al., 2018; Olszewski & Wolbrink, 2017; Wang et al., 2017; Westera, 
2017), as well as intrinsic motivation (Diehl et al., 2013) and self-confidence 
(Nickerson et al., 2011; Shoemaker et al., 2011), in comparison to traditional 
lectures or textbook learning.  

We describe the development and assessment of a new media informed pa-
tient case simulation experience. The simulation, Clinical Encounters, draws on 
the principles of multiple theoretical models, including social cognitive theory 
(REF), experiential learning model of Dewey (Dewey, 1938) and Kolb (Kolb, 
1983, as well as significant research on the value of simulations to increase en-
thusiasm and increase motivation. Previous research suggests that our Clinical 
Encounters experience should improve knowledge, retention, and confidence in 
clinical skills (Buttussi et al., 2013; Diehl et al., 2013; Graafland et al., 2012; Yang 
et al., 2012), and we assessed this in a small trial. 

2. Simulation Design: Clinical Encounters 
2.1. Reasons to Choose Simulation Experiences for Medical  

Students 

Medical students in the pre-clinical years of medical school are familiar with si-
mulations and comfortable with the experience. A computer-based simulation 
can be available when the medical student has time, rather than only when the 
entire class may be scheduled, or actors and space available. Further, comput-
er-based simulations do not require dedicated space as do simulation centers 
with mannequins or live actors. Simulations of all types expose students to the 
challenge of clinical care in a realistic and safe environment where strategies can 
be tested and outcomes assessed. Of the 80% of medical students who positively 
described their real-life clinical experiences, most credited supportive learning 
environments (35%) and hands-on experiences (32%) (Ofei-Dodoo et al., 2018). 
Thus, increasing the use of simulation experiences should enhance learning and 
improve quality of life in medical students. 

The individual focus of simulations supports attention, exploration, and con-
fidence in asking questions. In contrast, learning in teams may not always be op-
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timal. Team size negatively affected students’ learning experiences (Kandiah, 
2017). Students in larger groups were less able or willing to ask questions or 
share opinions on cases, potentially due to time constraints and traditional hie-
rarchy issues seen in groups (Ofei-Dodoo et al., 2018). The latter issue may be 
especially problematic for women and minorities.  

A meta-analysis found that simulations increased self-efficacy in a variety of 
clinical skills by 20%, declarative knowledge by 11%, procedural knowledge by 
14%, and retention by 9% more than control approaches (Sitzmann, 2011). In-
creased self-efficacy is a key component of decreasing the stress of real-world 
clerkship experiences and preparedness (Bosch et al., 2017). In sum, a simulation 
can provide an individualized, scalable, reproducible, comprehensive, and stan-
dardized experience as part of the medical school curriculum. 

In order to provide an engaging, interactive clinical education experience uti-
lizing new media for medical students and younger providers, we created a 
framework for presenting simulated patient encounters using a simplified, 
easy-to-navigate, electronic medical record (EMR). The framework expands on 
our previous experiences with EHR-based simulations (Metcalf et al., 2010a; 
Metcalf et al., 2010b; Tanner et al., 2012). The Clinical Encounters experience 
captures the value of entertainment-oriented games, demands problem-solving, 
provides opportunities for reflection (Bauman, 2012), and can deliver targeted 
feedback to enhance empowerment and confidence (De Noble et al., 1999; 
Maddux, 2009; Mateja Drnovšek et al., 2010). While older providers may not 
have the exposure to games that younger providers may have, most providers 
have been exposed to the use of the EHR for the last 10 to 20 years.  

2.2. Simulation Setting 

Electronic medical records, EMRs, are becoming the dominant form of docu-
mentation in today’s health care world. When coupled with a simulated patient 
encounter, the combination becomes a potential tool for facilitating learning 
during patient care (Gibbs et al., 2018; McLeod et al., 2017). We reviewed past 
efforts in designing and implementing these types of games as we developed our 
Clinical Encounters interactive case framework. Working from the typical com-
ponents of a patient encounter and a framework of common EHR structures, we 
created a simple, tabbed interface where learners could navigate through the 
steps of a typical patient encounter. Learners using our framework to review a 
case, review patient information, interact with the simulated patient through di-
alogue exchanges, answer quizzes to make decisions on assessment and evalua-
tion, rank potential diagnoses, and determine treatment as they proceed through 
the encounter. 

3. Initial Creation and User Response 

During initial development of Clinical Encounters, we surveyed faculty members 
and students to guide adaptations of medical cases to a computer simulation 
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format in order to create a beta version for wider review. The first step was to 
assess the content of the proposed simulation. Even if a simulation is engaging 
and realistic, it will not be a useful pedagogical experience for the students if the 
content itself is not appropriate. We asked 24 medical school faculty to review 
the proposed curriculum content to assure it was appropriate for the target au-
dience.  

With the content overview validated by the faculty members, we next assessed 
the format and pacing of the simulation. Since the simulation is intended to 
mimic a typical patient encounter, we surveyed 14 practicing physicians to help 
develop the sequence, flow, and pacing of the simulated patient encounter. Phy-
sicians were asked specific questions related to experiences within the simula-
tion. Based on their recommendations, we determined that each encounter with 
a patient would ideally include five phases: History Taking, Physical Exam, 
Evaluation, Diagnosis, and Treatment Planning. 

Practicing physicians provided input based on their clinical experience, such 
as the best time in the flow of a medical workup to ask for a differential diagno-
sis of the patients’ complaint, after the initial review of symptoms, after the his-
tory taking, or after the physical exam. Physician responses generally indicated 
that all of these options were appropriate, because they constantly revise what 
diagnoses they consider as they progress through the patient encounter. Addi-
tionally, we asked for feedback on how to present the “treatment plan options”. 
Based on the feedback, we broke the treatment planning into several types, in-
cluding Behavioral (Example: Recommend bed rest), Pharmacological (Example: 
Prescribe medication), and Surgical. 

Starting with Harrison’s widely used text on the practice of medicine (Kasper 
et al., 2015) and patient encounter skills required for medical licensing exams 
(USMLE, 2020), we worked with medical school faculty, and practicing physi-
cians to develop a list of “steps” for the simulation experience. The final steps are 
based on a sequence of events commonly used in medicine that would cover a 
wide range of medical conditions.  

One of our goals for these case simulations was to model an “ideal”, struc-
tured patient encounter flow so that students can create a mental template of the 
typical sequence of events; for example, not making a plan for treatment until 
the patient evaluation is completed. Some of the steps we include in the simula-
tion may be completed more efficiently in real-life practice. However, for the 
sake of a learning vehicle, we chose to make them an explicit, full experience, 
such as using a formal substance use screening survey instead of just asking the 
patient a few, quick questions about their substance use.  

Our initial release of a Clinical Encounters case was integrated into an existing 
online clinical training activity. This case, Patient Chad Wright, involved a fic-
tional patient who was looking for a new provider to prescribe pain medication 
for an old knee injury. The interaction included common steps in a patient en-
counter, including an introduction to the patient, history, evaluation, medical 
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tests, diagnosis, treatment planning, treatment, and a patient note summarizing 
the visit. In addition to the information presented, learners engaged with inter-
active elements, such as patient dialogue exchanges, quizzes about clinical 
choices, ranking of potential diagnoses to form a differential diagnosis, and a fi-
nal post-test to apply what they learned.  

3.1. Usability Testing with Medical Students 

We conducted usability testing of the interface with a group of 10 medical stu-
dents. Using an iterative approach appropriate to usability testing, we conducted 
a round of testing, made revisions to the interface, and conducted a second 
round of testing in order to get well-rounded feedback on the prototype design. 
Each round of usability survey included 5 students, based on Nielsen’s dictum 
(Nielsen, 2012) that 5 to 8 individuals can detect 80% of usability problems and 
that testing with higher numbers is inefficient. 

In both rounds, users indicated that using the simulation was more engaging 
than traditional forms of education about the topic (10/10) and was logically 
oriented (9/10). Almost all users found the organization of the simulation en-
hanced their experience. There was satisfaction with the usability of the simula-
tion, particularly in terms of navigation. User commands were also highly rated, 
with all users agreeing they could determine how to make a clinical choice in the 
simulation.  

Results from the first round of usability testing indicated that navigation was 
the most problematic area. To address these concerns, we made revisions to the 
prototype with an emphasis on improving the lowest scoring item, clarity on 
how to navigate. We improved the instruction delivery, and we added contrast-
ing colors to group sections more clearly. 
 

Usability Statements Agree/Strongly Agree 

Using a game to learn about pain management is more engaging 
than a lecture or text-based description. 

100% (10/10) 

For the purpose of learning, I like that the simulated electronic 
health record is far simpler than they are in real life and 
just focused on the info needed for the game. 

90% (9/10) 

The overall app was organized logically. 100% (10/10) 

3.2. Prototype Testing (March to December 2018) 

After the usability testing and revisions, we published the case as part of a 
pre-existing online learning activity on a pain topic. We asked users of the activ-
ity a set of questions specifically addressing the Patient Chad Wright case after 
they completed the clinical learning activity. Questions used a 5-point scale of 
Strongly Disagree to Strongly Agree. Medical professionals (N = 122) gave feed-
back from March to December 2018. 

Over three-fourths of users enjoyed working through the case and found it 
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easy to navigate. A large number of users also found the format effective for 
training in the clinical skills used within the patient case. 

Learners did not want to have the entirety of the learning activity comprised 
of case simulations, but instead wanted the case supplemented by didactic ma-
terial in the common module format. Combined results are shown in the table. 
Navigation through the case experience continued to be the lowest-rated area.  

Although we had aimed for an intuitive interface not requiring instructions, 
we realized that some users preferred explicit directions. We added instructions 
at the beginning that tell the user how to navigate through the game, emphasiz-
ing the pathway of a typical clinical visit (History, Evaluation, Diagnosis Treat-
ment, and Summary).  

Abbreviations for common medical terms were not familiar to some students, 
so we changed to using full words; for example replacing “Tx” with “Treat-
ment”.  

User feedback also indicated a preference for a more narrative, story-like ap-
proach to the case history. To address this, we added additional information 
about the “patient” at the beginning of each case.  

We also increased the amount of interactivity and added quizzes challenging 
the user to make a simulated clinical decision at regular intervals throughout the 
experience, in the middle and end of the sections. This produced a pattern of 
challenge followed by integration. Feedback was provided immediately on the 
choices that users made. 
 

Prototype Testing User Statements Agree/Strongly Agree 

I enjoyed working through the case. 76% (93/122) 

This format was effective for training in the clinical skills it covered. 81% (99/122) 

Most of the learning activity should be cases like these. 69% (84/122) 

I found it easy to navigate through the case. 77% (94/122) 

3.3. Prototype Evaluation (December 2018 to March  
2019) 

We evaluated user responses to questions about usability of the updated version 
of the case during late 2018 and early 2019. This version maintained the same 
academic and interactive content, but included more explicit directions in the 
interface. We analyzed the feedback from users during the first 4 months of use. 

Similar to results for the first round of testing, a large majority of users found 
the format effective for training in the clinical skills used within the patient case 
(81%). There continued to be room for some improvement in enjoyment and 
ease of navigation, with around three-fourths of users enjoying working through 
the case and finding it easy to navigate. Users continued not to want to have the 
entirety of the learning activity be comprised of cases, but instead wanted cases 
supplemented by the more common module format of online pages of text. 
Combined results are shown in the table. 
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Prototype Evaluation User Statements Agree/Strongly Agree 

I enjoyed working through the case. 75% (92/122) 

This format was effective for training in the clinical skills it covered. 81% (99/122) 

Most of the learning activity should be cases like these. 62% (75/122) 

I found it easy to navigate through the case. 77% (94/122) 

 
In response to both the survey and free-form comments, we adapted the in-

terface and the user path experience. Interactive elements based on typical clini-
cal choices were added to the experience at appropriate points in the Clinical 
Encounter process. This allowed the question/answer process to more closely 
mirror points in the experience where a real-life clinical decision would need to 
be made. For example, a question about interpreting a medical test result was 
placed after the screen presenting the results. Additionally, we provided more 
lengthy feedback describing why the choice was or was not the best one and how 
it impacted clinical care or patient outcomes immediately after the user submit-
ted their question responses. 

We added a “drag-and-drop” functionality to the Differential Diagnosis step. 
Previously, for Differential Diagnosis, we had asked users to give a numerical 
rank to each potential diagnosis. In the new version with drag and drop func-
tionality, users are given a list of diagnoses and asked to drag them into the or-
der that seems most likely, from most likely at the top to least likely at the bot-
tom. In a demo of the new drag-and-drop functionality at a conference, the 
functionality was well-liked by medical faculty and considered “fun”. 

A final change was purely visual—we added small images of the patient in 
front of each line of patient dialogue, replacing a generic icon we had used in 
earlier testing.  
 

 
 

In order to improve ratings for navigation, we allowed for more detailed tab 
headers by adding expand/collapse functionality to the tabs.  

Although we initially designed a more “free form experience,” user feedback 
indicated that learners preferred a more defined path for the experience. Naviga-
tion and usability ratings improved over time as we added arrows to indicate 
that more tabs are available when the number of tabs overflowed a section, in-
cluded prominent continue buttons at the bottom of each tab so the learner had 
two ways of navigating (tabs across the top vs continue buttons at the bottom 
right), and finally added additional labels (a “close” button, “go back” rather 
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than using only icons or graphic elements for these functions). 

3.4. Summative Testing (April 2019) 

With these improvements now integrated, we released the improved simulation 
format with the Chad Wright case. Upon completion of the learning activity, 
learners were again required to complete the case and a post-survey. We asked 
learner opinion on the case, ranking on a scale of Strongly Disagree to Strongly 
Agree. An N of 35 healthcare providers gave feedback on their experience. 

Results improved significantly over previous versions of the case. As pre-
viously, almost all users enjoyed working through the case and found it both a 
valuable learning experience and an effective method for training in the clinical 
skills covered within the patient case. This last round of changes proved suc-
cessful in improving the user navigation experience.  

Interestingly, with the improved interface, the proportion of users who ex-
pressed a preference that the majority of the learning experience should be simi-
lar to the case rather than online text to read increased over previous versions. 
 

Summative Testing Agree/Strongly Agree 

I enjoyed working through the case. 91% (32/35) 

This format was effective for training in the clinical skills it covered. 97% (34/35) 

Most of the learning activity should be cases like these. 80% (28/35) 

The case was a valuable learning experience. 94% (33/35) 

I found it easy to navigate through the case. 89% (31/35) 

4. Conclusion 

Following the trend toward increasing use of simulations in medical education, 
we designed a way to provide clinical training for medical students and profes-
sionals using patient encounter simulations to present cases. The framework de-
sign was roughly based on a format familiar to all medical professionals, the 
electronic medical record, but modified to simplify it for ease of use. Through 
iterative development and testing of the simulation, we learned that we had to 
design the simulation carefully to mimic the relevant elements of a patient en-
counter with easy-to-use interactivity that supports learning relevant clinical 
skills.  

We learned several lessons that can be applied broadly to the use of case-based 
simulation in online learning, which inform both our work and those of others 
who might use new media-based case simulations. The most significant of these 
is that medical learners place an extremely high value on ease of use and naviga-
tion. While the academic/learning content was essentially constant throughout 
the round of testing, user enthusiasm varied based on perceived ease of naviga-
tion. Thus, any online simulation navigation needs to be extremely intuitive and 
easy to use. This may be more challenging than developers or authors initially 
assume, and require planning beyond typical “good” user interface design. We 
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had initially assumed that our learner audience would all be familiar with the 
conventions of a medical clinical encounter. However, this assumption did not 
lead to the most usable design for all users. Even users experienced with medical 
clinical encounters preferred to have the software/experience navigation be di-
rective and obvious, despite a high level of complexity in “real world” electronic 
medical records. Students appear to appreciate being able to focus more intently 
on the content of the simulation rather than the simulation process. Thus, case 
simulations for students should differentiate between teaching the process of 
using a simulation, and the medical content. 

Further, interface design should accommodate an audience that has a wide 
range of familiarity and comfort with game-like navigation conventions, and 
target the least experienced users. Experienced users did not indicate a dislike of 
explicit direction, while inexperienced users had a clear preference for it. This 
challenged an expectation we had started with, which was that users would reject 
an interface that seemed to “talk down” to them. In fact, navigation ratings were 
higher from medical students who probably have relatively more experience 
with games than practicing providers. Options need to be offered for those who 
may find one approach confusing or unfamiliar. 

We also learned that users prefer a higher level of background content detail 
that we had initially anticipated. While our previous work indicated to us that an 
audience of medical students and professionals preferred focused content in di-
dactic presentation, this was not true in a simulation learning experience. The 
simulation storyline needed details about the patient to make the patient seem 
real. Adding images of the patient throughout transcripts of dialogue with the 
patient added further realism, which appeared to contribute to user enjoyment 
of the simulation experience. 

Users appreciated the realistic pacing and sequence of the experiences. This 
allowed us to create a focused experience that drew on users’ pre-existing know-
ledge and increased their perceptions of effectiveness. User interactions with the 
simulation should be evenly distributed throughout the case and can provide 
sufficient challenge to help the learner integrate skills learned in the didactic 
component of the training. Integrating those interactions into the clinical activi-
ty, such as asking for an interpretation immediately after test results are pre-
sented instead of putting interpretations at the end, contributed to enhanced 
enjoyment of the simulation experience.  

The more improvements we made to the interactive case simulations, the 
more users wanted the training delivered via such cases instead of in the tradi-
tional format. However, even though a large majority of users of the final case 
enjoyed the experience and would like the training delivered via interactive cas-
es, a minority of users did not agree. To respond to these results, our current de-
sign for clinical training is to feature the interactive cases but supplement them 
with summaries of the key skills learned using the more traditional format of an 
easily skimmed online document. 
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In order to control the user experience in this evaluation, we concentrated on 
one patient case that utilized most of the features available in Clinical Encoun-
ters. This is a limitation of the evaluation—a simpler patient clinical case might 
have yielded different results. Additionally, our study is an effectiveness trial, 
using a real-world situation where users sought out online medical continuing 
medical education. Thus, the audience was possibly predisposed positively towards 
online and new media experiences. Finally, the sample included self-selected us-
ers, and was not analyzed by age, gender, race, or profession; these variables 
might impact results. However, since there was significant agreement on all is-
sues by users, we do not believe these variables are impactful. Future work 
should explore this assumption. 

Our experience indicates that case-based education is well-received and effec-
tive for this medical audience, but that presentation elements are essential. De-
velopment of case-based materials using new media would be well served by 
comprehensive user testing for interface design and usability, based on our ex-
periences. Similarly, users had a positive response to the parts of the experience 
that mimicked “real-life” most closely in terms of pacing and case presentation. 

5. Looking Forward 

The Clinical Encounters product includes several advantages for training medi-
cal students in the areas of patient interaction and the use of EHR frameworks. 
Our interactions provide a close resemblance to actual clinical experience 
through hands-on learning, which supports superior memory, transfer, motiva-
tion (Chapple, 2014; Cook et al., 2011; Tai & Yuen, 2007; Virtusphere, 2013); a 
greater connection to the materials being presented (Oblinger, 2004); emphasis 
on experiential learning; employment of clear instructional design, learner con-
trol, and constructive learning; achievement of deeper learning by being able to 
change parameters and see the effect; and the use of a need- and outcome-oriented 
approach to education. 

A case focused simulation such as that created by the Clinical Encounters 
platform has the potential to yield an engaging, focused and effective approach 
for medical students and professionals. The opportunity to focus on real-world 
style cases allows a focus on patient interaction skills in a reproducible, al-
ways-available approach. Additionally, online or mobile training can support an 
unlimited number of users and resources, unlike traditional live action or mani-
kin-based simulations used in medical schools today. Improvements and adapta-
tions are always possible, based on user feedback, in order to provide a more 
targeted learning experience that supports learner needs. This approach to 
training is beneficial and has the potential to strengthen learning for the next 
generation of health professionals. Additional work will expand the variety of 
cases and assess if user results are consistent with what we have presented here. 
We also plan to assess a larger sample size focusing demographic variables and 
online experiences. 
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