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Abstract 

Case based instruction (CBI) in medical education is a well established 

alternative to lecture format in the training of first and second year 

medical students. There have been previous documented attempts to 

include technology in CBI that have received positive feedback from 

students. Electronic health records are now being mandated by 2014 

and historically there have been many barriers to adoption including 

lack of EHR technical skills by physicians. As a result, biomedical 

informatics education is being integrated into medical school 

curriculum with hope that better understanding of medical 

applications will prepare future physicians to utilize them. There has 

been no documented evidence of successful utilization of a commercial 

grade EHR within CBI despite many potential benefits in doing so. 

Previous attempts at accomplishing this task have been discovered but 

multiple challenges were encountered in developing a suitable 

educational EHR and as a result the attempt was unsuccessful. The 

following is a design project with the aim of highlighting specific 

design requirements, as well as, a theoretical usage scenario of a 

commercial grade EHR in CBI. Outlined as well is experimental design 

for future evaluation of such a system. There will be many 
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technological challenges that will need to be overcome and numerous 

resource requirements to get such a project functional. Despite this, all 

aspects of such a system are technologically feasible. Completion of 

such a system could result in potential commercial benefit and provide 

a platform for further investigation of early EHR training effect on 

physician-EHR acclimation. 
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Introduction 

Case Based Instruction in Medical Education 

 Small group learning has been a foundation in higher education 

providing an alternative to the lecture format. One of the challenges 

of educating medical students is acquiring and applying basic science 

information to real world clinical settings. A project panel on medical 

school education encouraged reducing the number of lecture hours 

and replacing it with active learning opportunities. The same project 

panel suggested the use of simulated patients to learn diagnoses and 

management as part of curriculum[1]. In recent years, trends in 

medical school education have been following this by increasing the 

small group focus to improve the education process. Case based 

learning allows students to learn in a context that is relevant to the 

method of education they will be utilizing in their clinical years as 

well as in their future profession[2][3]. Small group learning within 

medical schools commonly takes the form of case based instruction 

(CBI). CBI originated in 1969 as Problem Based Learning (PBL) with 

the theory that small groups tasked with solving problems would 

better retain learned information. It has since evolved into CBI in 

which a clinical case is presented to the small group to be worked 



10 
 

through and discussed as a team[4]. The structure of CBI provides a 

platform for self-taught collaborative learning as well as provides 

experience in presenting clinical information. The CBI cases improve 

students diagnostic reasoning skills while solving a single complex 

case that requires skill of knowledge acquisition from the current case 

presentation as well as pattern recognition from previous CBI 

iterations[7]. The educational goals of CBI are to provide integration 

between the clinical aspects of medicine and basic medical sciences 

and to amplify important basic science learning objectives. Cases 

often provide links between lecture format and small group learning. 

A clinical presentation of a disease or syndrome currently being 

taught in course lectures is frequently used.  

 Within medical schools, CBI most commonly involves a clinical 

case presented in such way it simulates a clinical encounter.  Initially 

information is provided in the form of a chief complaint, patient 

background, and history. Additional clinical information is presented 

to the small group incrementally in which they proceed with a team 

based approach to learning. This is done through integration and 

evaluation of clinical history as well as clinical data. From the clinical 

history, exam findings, and lab tests students formulate a differential 



11 
 

diagnosis. As the case develops students create and refine the 

differential diagnosis which is narrowed to a final diagnosis. From 

there the management of the patient is determined as a team. In 

order to solve the clinical case students must recall previously learned 

information and acquire, synthesize, and utilize newly learned 

information[6]. This format allows for repetitive practice of these 

skills[5].  

 Knowledgeable and skilled facilitators are crucial to the CBI 

learning method and discussions cannot proceed in a focused manner 

without informed faculty guidance. A facilitator needs not be a 

content expert but instead an expert in facilitation. Facilitator's main 

goal is to guide the students through the clinical case hitting specific 

learning objectives and engage in analysis and development of 

possible solutions[3][6]. Under the guidance of a faculty facilitator the 

CBI group collaborates in developing personal learning objectives 

which are distributed and researched individually.  

 

Use of Technology in Case Based Instruction 

 With recent technological advancements there has been an urge 

to incorporate technology in medical school curriculum. Computer 
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assisted learning can be incorporated to include group work around 

the computer. Computers have been shown to provide new strategies 

to provide self paced learning environments[6]. 

 There are many variations in the manner in which CBI cases 

are presented including, chart reviews, actors portraying patients, as 

well as virtually simulated patients. Electronic virtual cases provide a 

unique way to evaluate student performance objectively for their 

knowledge and diagnostic abilities[11]. There are a variety of ways to 

utilize virtual cases in medical school education but the most common 

is through CBI. The virtual patient can be used as a basis for 

discussion and provide a way to allow students clinical interactions 

with reduced access to real patients. A downside to virtual cases are 

they are expensive and labor extensive to develop and maintain[12]. It 

has been proposed that developing a standard interoperable format 

for virtual patients would cut down on costs and increase the pool of 

virtual experiences available to students. MedBiquitous has taking on 

this challenge and is currently developing a data specification for 

Virtual patients[11]. 
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Electronic Health Records in Medical Education 

 Electronic health records (EHRs) have the potential to bring 

many positive changes to the health-care system. EHRs provide 

instant access to patient as well as population specific information 

and provide access to clinical support information. EHRs have the 

potential to improve quality of care and costs while decreasing errors 

and waste. There have been many barriers to the adoption of EHRs 

including resistance to learning new technology. In a national survey, 

57% of medical practices reported physician skepticism in the 

adoption of EHR systems from lack of computer skills, technical 

support, and time to learn EHR systems [13]. 

 The drivers for the transition to EHRs has mainly been 

reducing costs, improving the quality and safety of care, and 

decreasing waste and errors. Recently the government has set goals of 

digitizing all Americans health records by 2014. Also, the American 

Recovery and Reinvestment Act has provided a significant allocation 

of money, $19.5 billion, to reward medical practices and research 

institutions in transitioning to electronic records. Funding is to be 

distributed to improve health information technology through 
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research and to reward health-care centers and providers for 

computerizing records. 

 In hopes of improving physician health technology competence 

Biomedical Informatics education is being integrated into medical 

school curriculums with the hope that a better understanding of 

medical applications would help the future implementations of 

applicants and prepare future physicians to use them[14]. Medical 

students will undoubtedly use some form of EHR in their careers and 

beginning exposure to EHRs earlier will potentially reduce physician 

skepticism and will remove some of the EHR learning curve in clinical 

experiences. EHRs have many features that could act as a method of 

learning in context. They are capable of providing point of care 

education by giving the student access to information during the 

ordering and documenting processes. Clinical decision support 

systems provide valuable information which can be pulled or pushed 

to the user at appropriate times[16]. Placing orders helps students 

learn what tests and treatments patients need in certain clinical 

situations. Learning in an experiential and clinically based 

environment, in combination with computerized physician order 
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entry, and decision support, was reported to be a "powerful education 

tool for medical students" [17]. 

 

Electronic Health Record Usage in Case Based Instruction 

 An EHR could potentially be used as a platform for delivering 

clinical information during a CBI session, providing opportunity to 

interact with the simulated patient's record in a clinically relevant 

fashion. Exposure to an electronic charting system early in medical 

education will allow students to gain familiarity with electronic 

clinical record keeping, documentation, and ordering procedures. 

Using clinically used systems during a clinical encounter simulation 

can potentially add to value and better prepare for future clinical 

experiences. Use of the EHR by students will also allow tracking of 

what students ‘order’ during the unfolding of a CBI, thus allowing 

more precise evaluation of individual and aggregate student 

performance. The benefits of an EHR within CBI would likely improve 

the student learning experience and allow for easier objective 

evaluation of student performance pending development of such a 

system. 
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Review of the Literature 

 A literature review was undertaken using several databases: 

MEDLINE/PubMed, CINAHL/EBSCO, and Google Scholar. The 

following terms were used in the search in various configurations: 

case based instruction, CBI, problem based learning, PBL, medical 

education, electronic health record, EHR, computerized record, 

medical informatics, commercial EHR, training. There has not been 

published research directly related to the topic of use of a commercial 

grade EHR in the education of first and second year medical students. 

However, information peripheral to the topic was reviewed. In 

addition to a review of the literature an interview was conducted with 

Cynthia Gadd, of Vanderbilt University, who previously was part of a 

team attempting to develop a commercial grade EHR for medical 

education during her time at University of Missouri School of 

Medicine. 

 

Evidence for Use of CBI as Learning Modality 

 There are many benefits to CBI over conventional learning and 

it accomplishes a variety of objectives including familiarity with 

illness, constructing differential, thinking like an expert, and 
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acquiring professional attitudes and behaviors[7]. It provides the 

benefits of both individual learning as well as group learning. Within 

a CBI case, students are required to practice skills in critical 

reflection, scientific inquiry, integration of basic science and clinical 

practice. It has been found that CBI allows for vertical and horizontal 

integration of information as well as the overlap of the basic clinical 

sciences with clinical practice. This allows the student development of 

learning skills that will useful later in their careers[6]. Also, it was 

found that with the CBI format students were more easily able to ask 

questions[6]. Students more completely learn information and are 

more reliably able to recall the information because they actively 

discovered and applied the information. It also enhances the students 

skill and confidence in problem solving collaboratively[8].= 

 In a study in which student and instructor perceptions of CBI 

evaluated, reactions were mostly positive. Students showed 

predispositions toward case based learning due to the self-directed 

and social aspects of learning[2][4]. Students felt their clinical 

reasoning, diagnostic interpretations, and ability to think logically 

were improved. They reported feeling motivated by their lack of 

knowledge. Instructors reported the students developed better 
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problem solving skills in comparison to lecture. However, students felt 

lecture was a better method to prepare for an examination[6]. 

Instructors preferred lecture format over CBI in terms of interaction 

with students and meeting learning objectives. CBI was more 

enjoyable for students but, CBI requires different skills and more 

instructors than traditional lecture formats and was generally 

reported that it was easier for the instructor to meet the learning 

objectives in lecture format over CBI[4]. 

 

Virtualization of Case Based Instruction 

 There has been some investigation into the effect of technology 

on the process of CBI. Online discussion groups were used as a format 

to hold an electronic small group CBI course. Students contributed to 

an online discussion group which was facilitated electronically. 

Students were able to collaborate online and the system had the added 

advantage of passive learners being able to learn by reading the 

discussion of others. The format was also advantageous to the 

facilitator because all discussions are recorded and which could be 

reviewed and guided[6]. Studies that have explored the use of CBI over 

long distances using internet communication have also been 
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completed. It was discovered that remote group work can be an 

effective learning tool[10][9]. The researchers found that the addition of 

technology into did not interfere with the learning dynamics when 

compared to traditional methods. Students and facilitators were able 

to interact and the method supported interactive experiential 

learning[9].  Virtual patients have been shown to be effective as 

standardized patients and have the added benefit of reproducibility 

while allowing student to interact in a clinical scenario in a safe and 

responsive manner[11].  

 

Electronic Health Records in Medical Education 

 There is has been some investigation into the use of EHR 

within early medical education however none of these EHRs were 

commercial grade. Through investigations it was found that medical 

students as early as their first year are capable of learning EHR 

specific communication skills. However, these students required 

instruction to be able to perform these skills[18]. Recommendations are 

to teach students to document electronically from earliest clinical 

experiences and emphasize on electronic communication[19]. Third 
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year medical students reported positive attitudes toward EHRs 

however they underused many of the technical features of the EHR[15]. 

 There have been few documented instances of use of EHRs in 

medical schools in the preparation for clinical experiences. The 

University of Minnesota created a simulated electronic medical record 

in which students followed virtual patients. The activities were used to 

supplement information taught in their courses to integrate the basic 

science and clinical concepts. There has been no information published 

on the educational impact of their program. In a 1997 report, the 

University of Texas used an electronic medical record along with 

simulated patients opposed to actors in which student performance 

was identical to traditional learning[13]. 

 

Previous Attempt at a Commercial Grade EHR for CBI 

 The University of Missouri School of Medicine attempted to 

incorporate a commercial EHR, Cerner, in the education of medical 

students in a CBI course. Their goal was to introduce medical 

students to patient care as well as educate them in the use of EHR 

through early experiences with the use of virtual clinical cases. 

Students were to fully utilize the features of the EHR. This included 
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reviewing patient data as well as documenting within the EHR 

throughout the CBI case. Many of the beneficial design principles of 

EHRs used in industry became obstacles for the use of EHR in an 

education setting such as inability to delete data, change dates, and 

refresh information. Simplifying and reducing the utilization to “read 

only” led to problems requiring numerous workarounds. They 

proceeded to attempt to use the Cerner Academic Education solution 

which is a copy of the Cerner EHR on Cerner servers in which the 

school can subscribe at a fee. The educational software had the 

capability of refreshing timelines and uploading cases but lacks other 

key functionality such as recording student orders. This product is 

mainly used in nursing schools. University of Missouri School of 

Medicine underwent trials with the system but experienced major 

issues and obstacles with usability and cost. They ran into logistical 

problems with the setup and students were not given enough 

guidance in using the system leading to failure of the trials. 
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Design Project Rationale & Goals 

Rationale 

 As discussed above, an EHR can be used as a platform for 

delivering clinical information during a CBI session, providing 

opportunity to interact with the simulated patient's record in an 

operational EHR system. Exposure to an electronic charting system in 

this environment will allow students to gain familiarity with electronic 

clinical record keeping, documentation, and ordering procedures. Using 

operational clinical systems during a clinical encounter simulation will 

potentially add to value the learning and prepare students for future 

clinical experiences. Additionally, the use of the EHR by students will 

also allow more precise evaluation of individual and aggregate student 

performance. 

 There is no current commercial grade software designed 

specifically for training in case based obstruction. There are many 

additional requirements and capabilities that would be necessary for 

currently available electronic health records to fulfill this role. For 

example, current options of software would not be capable of 

presenting the information necessary revealing it incrementally at 

appropriate times and intervals required by case based instruction as 
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well as resetting this information for each iteration of the course. In 

investigation, one previous attempt to create such an electronic 

medical record was discovered, however, the project was abandoned. 

This result came about due to the many obstacles in working through a 

vendor in hopes of adding the necessary functionality to a proprietary 

EHR.  

Goals 

 This scholarly project is a design project for an EHR educational 

system for use in case based instruction. The project goal was to 

develop a thoughtful list of technical requirements of an EHR to 

perform the function of a real world EHR while also capable of 

functioning in case based instruction. A best case scenario for usage of 

such an educational EHR in a cased based instruction environment 

was also outlined. 

 

Usage Scenario 

Case creation 

 The authoring of a case would be more involved than a standard 

CBI case which does not utilize an EHR. EHRs are inherently data 

rich therefore much more data would have to be collected to make a 
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case realistic. The information may be most easily be obtained by de-

identification of a real patient case, however, the data may also be 

created fictionally. Information that would have to be produced to fully 

prepare a case for authoring includes: 

1. Learning Objectives 

2. Past records, past medical history, and historical data 

3. Data necessary for use in the case presentation to be worked 

through during the CBI session. 

 The past records, past medical history, and historical data would 

initially be populated in the chart prior to the case start. However, the 

educational case data would have to be released incrementally 

therefore all case data would have to be linked to a timeline. Each 

cross section of the timeline could potentially be populated with 

information including: 

● Alerts/Warnings 

● Vitals (current, historical) 

● Active Problems 

● Allergy 

● Medication History 

● Vaccination history 
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● History of Present Illness 

● Past Medical History - social, family, surgical, medical 

● Past Orders 

● Current Orders 

● Emergency Department Notes 

● History and Physical Notes 

● Physician Progress Notes 

● Nurses Notes 

● Consults 

● Discharge Summaries 

● Lab results 

● Microbiology Reports (Incremental culture findings) 

● Image files 

● Imaging Reports 

● Procedure Reports 

 Depending on the format of presentation of the case to the 

students (audio/video with actors, narrative datasheets, etc.)  extra 

data would have to be provided and converted into multimedia options 

or distributable formats. 
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 Upon authoring of the case it would be reviewed by a CBI case 

management team to ensure the learning objectives and content are 

appropriate for the medical students’ level and will provide value for 

the curriculum. In addition to evaluating the content for educational 

value the content must also be evaluated for technical feasibility. The 

case would need to be determined if it would be compatible with the 

capabilities of the CBI-EHR software. These tasks would need to be 

completed by an individual or group that has information about CBI 

procedure as well as technical knowledge of the capabilities of the 

system to input and display information. 

 The data would be input into the Case Authoring Tool, an 

application to enter the case data so it may be formatted and packaged 

into XML using the MedBiquitous data standard. These case packages 

could be created and shared between institutions and possibly be 

created commercially for purchase. 

CBI iteration technical setup 

 Each iteration of CBI would require some initial setup to 

prepare for use by the students. With each iteration, the EHR would 

need to be refreshed using Facilitator Control Panel portal. This would 

create a new instance separating data previously entered during prior 
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sessions from the current session. The case XML file would be selected 

and by using the Facilitator Control Panel and a class roster data file 

would also be selected. The case XML data would import the case into 

the EHR through an XML-EHR Interfacing Tool.  

 Through the Facilitator Control Panel software, the facilitator 

can dynamically change between cross sections of the timeline. On 

initiation of the case only past records and historical data would be 

available for review by the students. 

 After uploading the data to the EHR the Facilitator Control 

Panel the facilitator would be able to initiate the CBI. Upon initiation 

each student would receive an electronic communication informing 

them of a new case and patient data is available in the EHR for chart 

review. This electronic communication would contain a chief complaint 

as well as a unique medical record number, in essence each student 

having a separate electronic chart to work in with identical data 

populated. 

Prior to CBI Open Session  

 Before presentation of the case in the Virtual CBI Open Session 

students would have the opportunity to review the patients 

documented history within the EHR. Ideally the record would be 
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populated with robust clinical information that the student would have 

to fully maximize all areas of the EHR for chart review. The student 

would then synthesize a clinical picture of the patient prior to the case 

presentation. 

 At this point the students would also be able to log into the 

Online Collaborative Workspace and discuss their findings with the 

group. Students would be encouraged to share information they 

learned when independently researching topics they were unfamiliar 

with in the patients historical records. 

Virtual CBI Open Session 

 On the day of the Virtual CBI Open Session the facilitator would 

initiate the case.  The clinical information regarding the case could be 

presented to the student with various multimedia. (Ex. Video of 

simulated patient encounter, audio recordings, combination narrative 

with audio sound bites and photographs, and videos of findings). From 

the information presented the student would document the patient’s 

history and physical exam findings from the EHR in the form of a 

physician’s history and physical note or a progress note. A differential 

diagnosis is developed by the students collaboratively and as a group 

determine necessary labs and radiographic studies. These activities 
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would again be completed virtually using online dialogues with faculty 

facilitator participation on online collaborative environment. After 

discussion, each student would complete orders through the EHR 

which they feel are necessary. Within the comments field of the order 

they would justify their reasoning for the order. 

 After the students submit their orders they would be displayed 

within the Facilitator Control Panel for review. The facilitator could 

then use this information to encourage discussion and guide learning 

regarding appropriate orders in the clinical case. The facilitator may 

guide the students into learning the appropriate procedure. The 

students from this guidance the students would have the opportunity 

to cancel and/or resubmit their orders. 

 Depending on the nature of the ordered labs, results would be 

populated in a pseudo-realtime fashion. Simple STAT labs would be 

returned in the EHR near immediately while more labor intensive 

studies (i.e. radiology exams, unusual labs, consultations, etc.) would 

be returned later in the week. This would allow for the adding learning 

of managing patients when their exact diagnosis is unknown. If the 

student orders a lab not accounted for in the CBI case script then 
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results would not available to be returned and the order would be 

automatically "invalidated by an attending physician" within EHR. 

 By the established deadline, all pertinent information is 

released and populated into the EHR for the students to work 

collaboratively on the online work space to finalize the diagnosis. With 

the final diagnosis the students would develop key learning issues, 

with input from the facilitator. The facilitator would ensure that all 

established learning objectives were touched upon. Each student would 

be assigned a learning objective to research for presentation to the 

other students. 

CBI Closing Session 

 The Closing sessions are formatted similar to a residents report 

or clinical rounds in which the learning objectives are reviewed live 

with the students and CBI facilitator. 

Student Assessment 

 Previously, CBI grading schemes were largely subjective. The 

addition of the EHR would provide for more objective grading 

possibilities. The subjective grades would come from online workspace 

participation as well as the students learning objective presentation 

during the CBI Closing Session. From the online workspace facilitator 
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summary view, the facilitator could then gauge student’s online 

participation in the collaborative workspace which would also be used 

in grading.  The student would be subjectively evaluated in: 

1. Interpersonal Skills & Communication 

2. Professionalism 

3. Patient Care 

4. Practice-based Learning Improvement 

5. System-based Practice 

6. Medical Knowledge 

 Objectively the student would be assessed through their written 

notes, order data obtained through the EHR and through examination 

scores. Through the Facilitator Control Panel the facilitator is capable 

of viewing which lab tests were ordered by student as well as their 

justification for ordering. The student would be assigned points for 

ordering relevant orders with consideration to effectiveness, 

timeliness, and cost. The students’ written notes would also provide a 

valuable feedback tool for learning as well as provide a method for 

objective grading. The learning objectives covered within the CBI case 

would correlate with course exam questions. Student learning could 

also be gauged by selecting for these questions. 
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Figure 1: EHR-CBI Usage Scenario
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Technical Requirements 

 Below is an outline of requirements of the functionality 

necessary for an EHR to be utilized in a CBI. These requirements are 

not meant to describe all functionality inherent to a commercial grade 

EHR. They are meant to highlight functionality that would need to be 

considered to allow for an EHRs use within CBI. 

Case Authoring Tool software requirements 

 The case authoring tool’s function is an easy to utilize user 

interface for organizing and inputting clinical data in the creation 

process of the case. The software should allow for easy information 

entry and act as a template for creation of case. In design the case 

authoring tool should visually assist in the creation of the case with 

visual representation of the timeline of the case. The case authoring 

tool should have functionality for creation of new cases as well as 

modifying existing cases. Cases should be able to be exported to an 

intermediate storage package that includes all relevant multimedia 

along with case related data in the form of a standardized 

MedBiquitous XML file.  
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Figure 2: Case Authoring Tool Architecture Diagram 
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1. Web based application. 

2. Authentication with login to limit access to authorized 

personnel. 

3. Option to upload CBI case from MedBiquitous XML file, create 

new CBI case, or modify existing. 

4. Temporary data is stored in database until XML file export. 

5. Be capable of handling a variety of common CBI case 

presentation types. 

a. Inpatient 

i. Wards 

ii. Intensive Care Unit 

iii. Obstetrical 

iv. Emergency Room 

v. Surgery 

b. Outpatient 

6. Allow entry of multimedia, case presentation files, other data for 

CBI open session. 

a.  Linking of multimedia files to storage server may be 

needed for larger case data. 
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7. Allow Entry of multiple timeline cross sections of EHR data with 

data release date/time relative to start date of time 0. 

a. Alerts/Warnings 

b. Vitals (current, historical) 

c. Active Problems 

d. Allergy 

e. Medication History 

f. Vaccination history 

g. History of Present Illness 

h. Past Medical History (social, family, surgical, and 

medical) 

i. Past Orders 

j. Current Orders 

k. Emergency Department Notes 

l. History and Physical Notes 

m. Physician Progress Notes 

n. Nurses Notes 

o. Consults 

p. Discharge Summaries 

q. Lab results 
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r. Microbiology Reports (Incremental culture findings) 

s. Imaging 

t. Imaging Reports 

u. Procedure Reports 

8. Authoring tool must export XML file of case data according to 

MedBiquitous Guidelines for Describing Educational Resources 

and Activities Using Healthcare Learning Object Metadata 

Standard. 

XML-EHR Interface Application Requirements 

 XML-EHR interface would be necessary to allow for a 

communication pathway between the created XML files and 

multimedia with the EHR and facilitator control panel. This would be 

back end software that would not directly interact with the end user. 

The facilitator control panel would utilize this software to add 

information, pull information form the EHR database. This software 

would also communicate with the EHR for modifying the current 

displayed timeline set point.  
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Figure 3: XML-EHR Interface Architecture Diagram 
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1. Server side application. 

2. Polling of database on definable time increments, detects 

changes in records, downloads updates for display in external 

software. 

3. Connection to database of EHR with read/write, create table, 

drop table, change permissions, capabilities. 

4. Data validation routines to ensure data types and data content 

are compatible with EHR. 

5. Allows import of individual patient records in batch process 

dependent on XML input data and student list data file. 

6. Returns table of medical record numbers and student identifier 

after record creation 

7. Polling for input of orders for each medical record number for 

case, when detected begins countdown timer for input of result 

data per guidelines described in XML case file. 

8. Upload Considerations 

a. Ability to parse MedBiquitous XML formatted CBI case 

data 
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b. Batch upload of MedBiquitous XML formatted CBI case 

data into the database with release date/times from XML 

relative to start time of case. 

c. Batch upload of MedBiquitous XML formatted CBI case 

data into the database by manual control from Facilitator 

Control Panel. 

d. Allow for input or modification of case data through EHR 

back end into EHR database in batch process to each 

medical record number 

e. Order data matched to table of result information for 

upload to each medical record depending on orders 

submitted per each student unique identifier. 

9. Download Considerations 

a. Ability to export orders submitted by each student 

identifier and converted to usable datatype for display in 

external software. 

b. Patient history, data, and notes created by students to be 

exported by student identifier and converted to usable 

datatype for display in external software. 
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Facilitator Control Panel Tool Requirements 

 The facilitator control panel is an end user tool that will give the 

facilitator control over the case throughout the CBI. The Facilitator 

Control Panel would most likely be an extension of the online 

collaborative workspace.  From the facilitator control panel the case 

can be initiated with EHR setup routines. The tool will also allow for 

management of the class roster and communication with the students 

upon initiation of each iteration of CBI. From the control panel, the 

facilitator should be able to view and add comments to student 

documentation within the EHR and provide feedback for student 

documentation. The control panel will also return student orders 

within the EHR and allow for feedback to the student. The facilitator 

control panel must communicate with the online collaboration 

environment providing statistics on student participation within this 

environment. The facilitator control panel will also have ability for 

facilitator to control the timeline moving it forward and backward 

modifying which information is available for display in the EHR. 
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Figure 4: Facilitator Control Panel and Online Collaborative 

Workspace Architecture Diagram 
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1. Web based application with integration into Online 

Collaborative Workspace. 

2. Facilitator control of timeline 

a. Facilitator must be able to toggle forward and backward 

in timeline which would determine which data is 

discoverable within the EHR. 

3. Access to students notes in an easy to navigate unified interface. 

4. Ability to correct/modify student notes and send electronically 

for feedback. 

5. Grading panel to input grading comments and view objective 

grading information. 

6. Live reports of students orders. 

7. Notification system to alert facilitator of key events: 

a. Timeline notifications. 

b. All students have submitted orders. 

c. Student requests/ student communication. 

8. Ability parse XML file with case data and display case 

summary. 

9. Interaction with EHR through XML-EHR interface application. 

10. Ability alerts/messages/tasks to all users. 
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Online Collaboration Tool requirements 

 Online collaborative tool is a social area where students and 

facilitator can discuss and the case and peripheral information online.  

1. Web based software with unique logons with access from remote 

locations for students and faculty. 

2. Ability to support multiple independent CBI sessions occurring 

synchronously. 

3. Facilitates a main conversation thread for case facilitation 

group. 

4. Supports additional conversation threads for side discussions or 

subtopics for each case facilitation group. 

5. Allow for guidance by facilitator of active communication and 

discussion on both main and ancillary discussion threads. 

6. Nonanonymous posting of information - all information is posted 

with student and facilitator identifiers for grading purposes. 

a. Easily identify individual contribution 

b. Facilitates easy method of scoring individual contribution 

7. Allow student and facilitator submitted information to be easily 

submitted and displayed. 



45 
 

8. Allow linking/embedding and commenting on information, 

dynamic content, and multimedia. 

9. Ease of use that facilitates active communication and discussion. 

Educational EHR Software Requirements 

 Educational EHR would carry the standard functions of a 

typical EHR utilized in practice with additional functionality to be 

utilized in an iterative learning environment of CBI. 

1. Accessible database through third party software. 

2. Well documented database structure. 

3. Allows for external modification of data. 

4. Allow of the batch import of data and incremental release of CBI 

information into EHR Database. 

a. Data for input/display by end user: 

a.Alerts/Warnings 

b.Vitals (current, historical) 

c.Active Problems 

d.Allergy 

e.Medication History 

f.Vaccination history 

g.History of Present Illness 
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h.Past Medical History - social, family, surgical, medical 

i.Past Orders 

j.Current Orders 

k.Emergency Department Notes 

l.History and Physical Notes 

m.Physician Progress Notes 

n.Nurses Notes 

o.Consults 

p.D/C Summaries 

q.Lab results 

r.Microbiology Reports (Incremental culture findings) 

s.Imaging 

t.Imaging Reports 

u.Procedure Reports 

6. Allow student to securely log into EHR through intranet and 

remotely. 

7. Allow multiple viewers / editors of same record. Student may 

access record while software is updating record. 

8. Display all pertinent CBI information as described by XML case 

data file 
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9. Allow for release information on incremental timeline 

10. Ability to move forward and backward along fictional timeline 

11. Allow each student to document encounter simulated by the CBI 

Case open session in notes. Input includes: 

a. Vitals 

b. Chief complaint 

c. HPI 

d. Allergies 

e. Medications / Immunizations 

f. Past Medical History 

g. Past Surgical History 

h. OB/Menstrual History 

i. Social History /  Risk Factors 

j. Family History 

k. Physical Exam Findings 

l. Problem List 

m. Assessment /  Plan 

12. Allow students to input orders for diagnostic tests, as well as 

provide input field for justification of order 
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13. All entered data stored in database in fashion that is easy to 

extract in interpret 

14. Allow for the generation of a report to assign  student scores 

15. Allow for results of orders to be returned depending on orders 

per student on timeline defined in CBI XML case data file 
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Figure 5: Proposed Educational EHR Architecture Overview 
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Future Evaluation of Proposed System 

Evaluation of Educational Value 

With the completion of a CBI-EHR system, a study would be performed 

to determine the value of EHR use in case based instruction in medical 

school education of first and second year medical students. The value 

of such a study would evaluate and quantify the value added to the 

educational experiences from use of a commercial grade EHR in case 

based instruction. The literature shows little investigation has been 

completed into this subject and there is no evidence from the literature 

that a modern commercial grade EHR has been utilized in case based 

instruction for medical students in pre-clinical years. Literature shows 

simulated EHR environments or outdated EHR technology has been 

used in previous investigations. Previous attempts at using a 

commercial EHR in CBI were not put through scientific evaluation due 

to obstacles in completion of the system. To determine the value of 

utilization of a commercially used EHR in case based instruction three 

specific areas would be focused on: 

1. Assessment of student performance - determine the impact, if 

any, from the use of an EHR in CBI on student examination 

scores. 
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2. Evaluation of learning experience - determine the students’ 

learning experiences from use of EHR in CBI taking into 

account their learning experience for the basic medical sciences 

and their comfort level and competency in EHR usage. 

3. Evaluation of Faculty experience - determine faculty experience 

in facilitation of CBI with use of EHR as well as comfort level 

and competency in use of EHR and other technological teaching 

modalities. 

Investigational Setting 

Biomedical Informatics at University of Arizona College of Medicine - 

Phoenix  

The University of Arizona College of Medicine - Phoenix (UACOM-Phx) 

is dedicated to the technological advancement of the education and 

practice of medicine. UACOM-Phx’s curriculum is unique in its 

emphasis on biomedical informatics. Biomedical informatics deals with 

the storage, retrieval, sharing and optimal use of biomedical 

information, data and knowledge for problem-solving and decision 

making. This heavy focus on applied clinical informatics makes 

UACOM-Phx is an ideal place to further the investigation of the value 

of EHRs on medical education. 
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Case Based Instruction at UACOM-Phx 

UACOM-Phx employs case-based instruction in the education of its 

first and second year medical students. The sessions are student run 

but guided by a faculty facilitator. Cases are presented weekly in a two 

part open and close session. Prior to the open session students are 

provided with a chief complaint related to the basic science information 

they will be learning concurrently in their courses. During the open 

session the students are provided with subjective and objective 

information presented as if they were performing an interview and 

physical exam with a simulated patient. The students work 

collaboratively to create a differential diagnosis and narrow the 

diagnosis with the clinical information, lab values, and radiographic 

studies. With the assistance of the faculty facilitator, the students 

decide on a final diagnosis and develop learning issues which are 

distributed and researched over the week. Students use a collaborative 

online workspace to collect their research, work together, and create 

their presentations. In the closing session, each student presents their 

learning objective to the small group and relates their findings to the 

simulated patient. CBI learning objectives are used to create exam 

questions which are administered during the organ block examination. 
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Benefits from EHR in CBI at UACOM-Phx 

With slight modification to UACOM-Phx CBI structure, an EHR would 

be able to be incorporated into the simulation experience and could 

provide benefit of interacting with an EHR while integrating the basic 

medical sciences with the clinical aspects of medicine. Students could 

gain familiarity with retrieving historical data from the EHR as well 

as entering data and ordering tests and procedures through the 

system. The results of labs and imaging could be populated in the EHR 

in simulated real time, in which time intensive lab results or studies 

would not be returned immediately adding to the realism of the 

simulation experience. Use of an EHR will allow quantifiable 

evaluation of student performance during CBI through a number of 

methods. Additionally, since the CBI Opening Session would be done 

virtually, this could free up two hours per week in each Block, 

however, this would have to be weighed against the time it would take 

for students to participate in the virtual CBI Opening Session. 

Limitations in CBI at UACOM-Phx 

The current UACOM-Phx CBI has limitations that limit the 

educational value and distract from the simulation’s realism. The 

current method of delivery of the simulated patient's clinical 
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information in CBI is the use of an electronic document (Word or PPT) 

containing all history, exam findings, lab values, and imaging results. 

The students receive this information in a sequential order during the 

CBI open session. With the current CBI format there is no opportunity 

for the student to document, physically go through the steps of 

ordering labs and radiographic studies, and there is no time delay from 

ordering the labs to receiving the results. Currently during the CBI 

open session students are evaluated subjectively by the faculty 

facilitator however the addition of objective methods of evaluation 

would be highly desirable. 
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Experimental Design / Methods 

 

 This study will be designed as a prospective comparative 

evaluation of student and facilitator attitudes toward CBI with an 

integrated EHR as well as comparison of bioinformatics examination 

scores with and without usage of such a system. The control group will 

complete CBI in typical fashion while experimental group will be 

utilizing the EHR in CBI. Students will be randomized to each group. 

 



56 
 

 

Figure 6: CBI-EHR System Assessment Protocol 
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 Learning objectives will be identified which involve EHR 

related, basic sciences, and clinically based. The clinical case will be 

authored and converted to necessary formats as described above in the 

documented EHR-CBI scenario. The timeline of the experimental CBI 

will take place over a week with virtual open session beginning on 

Sunday evening and closing session on Friday. History and physicals 

will be due before midnight on Monday. All orders must be entered by 

Wednesday morning at which all CBI objectives will be solidified and 

distributed for student presentation creation. 

 Prior to running of the experiment, a survey will be reviewed by 

a small focus group composed of students and faculty to evaluate 

content and wording of the survey. Survey will be modified reflecting 

the input from the focus group. The EHR-CBI survey will be completed 

electronically. It will utilize a 5 point Likert Scale for easy data 

analysis. Students will be given the option to input narrative 

comments if they wish. Surveys will be completed just prior to and at 

completion of CBI activity. 

 The pre and post EHR-CBI survey will be given to a population 

students and faculty to gauge attitudes, comfort level, and competency 

in EHR usage. In addition, the student survey will evaluate the 
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students and facilitators viewpoints on an EHR-CBI structure’s ability 

to: 

1. Allow for practice and development of skills in: 

a. Both individual and group learning 

b. Critical reflection 

c. Scientific inquiry 

d. Clinical reasoning 

e. Diagnostic interpretations 

2. Integrate basic science knowledge and medical practice. 

3. Allow for vertical and horizontal integration of information 

 

 Additional survey questions will be given to facilitators to 

evaluate facilitator viewpoints on the extent to which an EHR-CBI 

structure affects the facilitator’s ability to: 

1. Assist students through facts presented in case and scientific 

process 

2. Engage in analysis and development of possible strategy 

3. Guide learning to incorporate all CBI objectives 
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 For the experimental and control group the pre EHR-CBI survey 

will be distributed.  For the experimental group an introductory 

tutorial will be provided for students and faculty for use of the system 

in EHR-CBI explaining new CBI procedures and EHR workflows.  The 

CBI session will be completed as described in the outlined scenario 

above. Post EHR CBI survey given to population students and faculty 

to gauge attitudes, comfort level, and competency in EHR usage after 

usage of EHR in CBI. Post block examination CBI examination scores 

will be collected for both the experimental and control groups. A small 

focus group will also be completed at the end of the experiment to 

gauge student attitudes towards the EHR-CBI format. 

 

Subjects 

Inclusion/Exclusion Criteria 

● Inclusion criteria: First and Second year medical students 

participating in CBI at UACOM-Phx.  

● Exclusion criteria: Students who have chosen to opt of 

participation in survey will not be included 
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General recruitment procedure 

 Students will be informed by email as well as verbally prior to 

CBI activity. Experiment will be explained and informed that 

participation in survey is voluntary. Students will report to CBI 

activity in place of regularly scheduled CBI. Upon completion of 

activity students will be invited to complete survey.  

Informed consent 

 Students and faculty will be informed that the surveys will have 

no identifiers on them and their responses will not be able to be traced 

back to an individual. It will be communicated that responses will be 

used in determining attitudes. 

 Students will also be informed that their pretest examination 

scores as well as final examination scores pertaining to biomedical 

informatics for that block will be collected anonymously and will be 

analyzed in study. 

Ethical approval 

 IRB will be filed for with expedited review due to: 

1. All clinical cases have no patient identifiers. 

2. Examination results will be collected without student 

identifiers. 
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3. Student and faculty survey data will be collected anonymously. 

Data Analysis 

 Statistical software will be used for data analysis of examination 

scores and data to be collected in student and faculty surveys. Student 

‘t’ test will be utilized for comparison of means and chi-squared for 

categorical variables. A ‘P’ value of 0.05 will be used for significance. 

Survey responses will be collated into bar charts, central tendency will 

be summarized by the median or the mean, and dispersion will be 

summarized. 
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Discussion 

 There would be many potential educational benefits to the use of 

an EHR in CBI instruction.. The added realism of working in a fully 

functional EHR may bring an added sense of relevance to both 

biomedical informatics and basic science learning objectives. While 

reaching these objectives and going through the CBI case, they will 

gain hands on familiarity with EHR systems in a way that will benefit 

both active and passive learners. The added online collaborative 

workspace will also add benefit to both types of learners by allowing 

active users to publish and passive learners to absorb that information.  

The online collaborative environment and student interactions with 

the EHR will allow for the facilitator to better monitor and give 

feedback on student case involvement. By observing the data entered 

by students into the EHR the facilitator will be able to better 

understand student thought processes and be able to guide them to 

meeting the learning objectives. These functions will also allow for 

more objective evaluation of student participation and performance in 

CBI both individually and in the aggregate. 
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 Other benefits will come with continued utilization of such a 

system by multiple organizations. Each organization can create their 

own cases and share them, increasing the pool of available cases and 

objectives to be covered. There is also the potential for 

commercialization of cases which can be developed by companies for 

purchase. Another potential market is organizations that may not have 

resources to create a system of their own to utilize this form of 

technology. An organization or company could potentially set up a 

service which software with this functionality could be utilized 

remotely through a subscription basis. 

 Potential educational challenges to utilization of such a system 

that will need to be overcome will present themselves. Using the 

system outlined will require a larger time commitment from both the 

students and the faculty. The increased time commitment will 

hopefully be offset by the virtualization of the opening session allowing 

for more flexible time constraints in which work can be completed.  

Facilitators will now have to spend additional time monitoring and 

guiding students through the learning objectives over the online 

collaborative workspace. They will have added duties of review 

students notes and making corrections and providing feedback. 
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 Utilizing the data to provide more objective grading of CBI will 

likely add complication to grading scheme. Development of cases will 

require more resources and people of expertise in clinical and technical 

aspects will have to have a critical role in their development. The 

resources needed to manage such an educational project may limit the 

availability of such a program to large academic centers that have 

sufficient resources to develop and maintain such a system. 

 At the time of writing this scholarly project, no system exists 

matching these technical requirements. Changes necessary to existing 

EHRs will radically modify the foundation of EHR structure and will 

result in heavy modification of an EHR system. In developing a system 

to meet these requirements, the authors will have to make the choice 

of developing the system from the ground up or modify an existing 

system to include the necessary functionality. Building the system 

from ground up with this functionality in mind will likely produce a 

product that more seamlessly performs the functions necessary. It will 

allow for easier integration between different components and 

requirements in respect to the educational and CBI functionality. 

However, the purpose of the project was to describe a fully functioning 

commercial grade EHR with needed functionality for CBI. To 
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accomplish this it may be necessary to modify an existing system. 

Existing systems that have been in development for many years have a 

vast amount of functionality that would be very labor intensive to 

imitate and recreate. Challenges in modifying existing systems will 

undoubtedly arise. The most basic fundamentals of EHR function 

would have to be challenged if they were to be adapted for educational 

use. For instance, EHRs all information entered is discoverable at a 

later date; there is no deleting of data from the database and no 

modification of system time. Heavy modification of an existing system 

to perform functionality described will likely be very labor intensive 

and require detailed knowledge in system design and programming. 

 In modifying an existing system, the developer will also need to 

make a decision between an open source and a commercial system. 

With an open source system such as VA’s Vista EHR there will be no 

licensing costs and the developers would be freely able to modify the 

software as they please. However, there may be limited assistance in 

development. The widely used open source system, Vista, uses a 

MUMPs database that is notoriously known for being difficult to work 

with. This may add to the already anticipated challenges of making 

modifications to an EHR system. The use of a commercial system and 
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interacting with a vendor also will have its challenges as discovered by 

University of Missouri School of Medicine in their previous attempt to 

develop such a system. It will require a vendor committed to the 

development of a system that will work alongside the academic 

developers. 

 Whichever pathway of development a developer chooses to follow 

the development of such a system is feasible with current technology. 

All aspects of such a system could be implemented through 

modification of existing software or with a web based system. An 

organization’s resources and expertise will likely guide them in a 

direction of least resistance. 

 From a technical perspective, potential challenges in use and 

maintenance of such a system would be many. Initial costs of 

development, hardware, and resources to overcome networking 

challenges would be high. Added costs would also come from 

maintenance and upgrades to EHR system. Potentially modifications 

to the system would need to be redesigned or reapplied with each 

update to the EHR. There would also need to be arrangements made to 

cover for instances in which technical failures prevented CBI from 

occurring electronically. Challenges aside, the value and potential of 
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such a system is intriguing enough to at least warrant development 

and investigation.  
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Future Directions 

 Next steps for completion of investigation of such a project 

involve the developmental process of the described system. Decisions 

will need to be weighed between “ground up development” versus 

“modification of an existing system” and “open source” vs. 

“commercial.” A software application or vendor will need to be selected. 

Funding will need to be applied for and acquired. Expectations on 

funding need to be realistically set. Challenges will likely arise that 

will result in setbacks in terms of cost and deadlines. From software 

selection and the system requirements of the selected system, 

hardware will need to be acquired. Expertise in user interfaces, 

database, software development, and clinical systems will need to be 

procured. Once the development of the system is completed with 

adequate testing and quality assurance measures investigations can 

begin. It is possible that multiple organizations will attempt to pool 

resources and accomplish this collaboratively or work independently 

going down different development pathways. 

 Upon completion of such a system, experimental evaluation of 

the system should be completed. The above outline describes potential 

experimental procedures for testing such a system at the University of 
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Arizona College of Medicine - Phoenix. However, this system could be 

evaluated at any medical school which uses CBI for the education of 

first and second year medical students. The analysis of such a system 

should first be evaluated for usefulness and student and faculty 

attitudes towards the system in CBI. Longer term studies could then 

be used to evaluate long term any effect it has on student acceptance 

and acclimation of skills necessary for EHR full usage. 

 In the development of such a system, there will be lessons 

learned in the process. There will likely be refinement of the technical 

requirements and the addition of unforeseen requirements. Process 

obstacles and challenges should be documented by all involved in the 

project followed by a focus group to discuss these challenges and 

formulate improvements to a development plan. These results would 

be of great value to further development and worthy of publication. 
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