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Abstract

Background:
Simulation is widely used to teach medical procedures. Our goal was to develop and implement an innovative 
virtual model to teach resident physicians the cognitive skills of type 1 and type 2 diabetes management.

Methods:
A diabetes educational activity was developed consisting of (a) a curriculum using 18 explicit virtual cases,  
(b) a web-based interactive interface, (c) a simulation model to calculate physiologic outcomes of resident actions, 
and (d) a library of programmed feedback to critique and guide resident actions between virtual encounters. 
Primary care residents in 10 U.S. residency programs received the educational activity. Satisfaction and changes in 
knowledge and confidence in managing diabetes were analyzed with mixed quantitative and qualitative methods.

Results:
Pre- and post-education surveys were completed by 92/142 (65%) of residents. Likert scale (five-point) responses 
were favorably higher than neutral for general satisfaction (94%), recommending to colleagues (91%), training 
adequacy (91%), and navigation ease (92%). Finding time to complete cases was difficult for 50% of residents. 
Mean ratings of knowledge (on a five-point scale) posteducational activity improved by +0.5 (p < .01) for use of 
all available drug classes, +0.9 (p < .01) for how to start and adjust insulin, +0.8 (p < .01) for interpreting blood 
glucose values, +0.8 (p < .01) for individualizing treatment goals, and +0.7 (p < .01) for confidence in managing 
diabetes patients.

Conclusions:
A virtual diabetes educational activity to teach cognitive skills to manage diabetes to primary care residents was 
successfully developed, implemented, and well liked. It significantly improved self-assessed knowledge and 
confidence in diabetes management.
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Background

The safety and quality of diabetes care in the United States is suboptimal, with only a modest percentage of 
patients with diabetes achieving all their optimal care targets for blood sugar, blood pressure (BP), and lipid control.1–3  
Many experts believe that inadequacies related to care delivery and health care professional knowledge contribute to 
clinical inertia (failure to initiate or intensify treatment in a timely manner for patients who are not achieving care 
goals) and poor patient outcomes.4–7 Clinical inertia rates are pronounced among resident physicians with medication 
intensification observed at only 21% of diabetes visits, particularly for insulin treatment.8,9 Consistent with these 
findings, most physicians today perceive their medical training for chronic illness care as inadequate, and many 
experts agree that health care professionals need better training to prepare them to treat the growing number of 
people with chronic conditions such as diabetes.10,11

Adult learning theory emphasizes a focus on interactivity and learner involvement in the process, rather than 
didactics.12 Compared with youth, adults have a greater need for the learning experience to be relevant to their own 
job situation, and they prefer to learn through a task or problem-centered orientation (e.g., on-the-job training).12 
Simulated educational designs incorporate adult learning principles by being case based, interactive, realistic, and self-
directed. Web-based simulation technology also overcomes many other potential barriers to quality medical training, 
including the inconvenience of scheduled live meetings and webinars, the cost of teaching faculty resources, and the 
lack of consistency often observed when using local opinion leaders. Internet activities can reach large numbers of 
health care professionals, including those in rural locations, in a cost-effective manner.

Simulated learning designs are by definition dynamic and characterized by the ability of a participant to be immersed 
in tasks as if it were a real-world experience.13 Simulations are a proven method of providing training, experience, and 
improving safety in nonmedical industries such as military and aviation.14–16 In addition, simulation has become widely 
used to teach medical procedures, often with high-fidelity mannequins, to overcome worry over safety issues in real 
patients due to incomplete knowledge and experience.17–20 Technology-enabled instruction using virtual patients has 
also been envisioned as a means to provide safe environments to teach and practice the cognitive aspects of managing 
medical chronic conditions,21 with potential to overcome existing training problems such as limited exposure to a 
complete variety of patient presentations for chronic diseases and lack of long-term care continuity in ambulatory 
centers.22 However, there are very few good examples of cognitive simulations related to chronic diseases, primarily 
because of the complexity and resources needed to develop them.23 We describe the development, implementation, 
and preliminary evaluation of an innovative online simulated learning technology designed to teach diabetes care 
management skills comprehensively to primary care residents.

Methods

Trial Design
Nineteen U.S. primary care residency programs agreed to participate in a federally funded translational research trial 
called Simulated Diabetes Training for Resident Physicians. These residency programs distributed emails and brochures 
to their 723 residents in all postgraduate years (PGYs), inviting them to participate voluntarily and consent to a 
study of the educational activity. Residents were offered a $50 gift card for their participation and evaluation. The 19 
residency programs were then randomized to receive or not receive the learning activity. Randomized trial data of the 
impact of the learning activity on measures of objective knowledge test responses and competence (ability to achieve 
patient care goals on simulated assessment cases) are currently undergoing collection and analysis, and these results 
are essential and forthcoming. The objective of this article is to describe preliminary findings, including the important 
effects of the learning activity on satisfaction, self-reported changes in practice patterns, and pre–post changes in self-
assessed knowledge and self-confidence in managing diabetes. This analysis is conducted through mixed quantitative 
and qualitative methods of baseline and postactivity evaluation responses for the 10 programs (with 177 residents) 
that received the intervention. Figure 1 identifies the 10 residency programs and rates of educational activity and 
evaluation completion.
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Key Design Components of the Simulated Learning Activity
Curriculum Development
The curriculum was developed by a team of physicians and medical experts at HealthPartners Institute for Education 
and Research, a nonprofit institute and recognized leader in education and research, in collaboration with the 
University of Minnesota. The work was funded by a series of federal grants received from the Agency for HealthCare 
Research and Quality and the National Institutes of Health over 12 years, with estimated development costs totaling 
millions of dollars. The research team began the development of the resident learning objectives using data and 
analysis of treatment appropriateness and medical errors observed in practicing physicians to assess needs and gaps in 
knowledge, a process recommended by the Accreditation Council for Continuing Medical Education.24,25 The learning 
curriculum was then integrated into 18 virtual cases that each contained distinct basic, intermediate, and advanced 
educational topics that replicated real and challenging type 1 and type 2 diabetes scenarios (see Figure 2). The learning 
objectives concentrated on appropriate screening, diagnostic testing, referring, prescribing drugs, monitoring for goal 
achievement and safety, and managing complications. The educational content was consistent with the latest national 
guidelines for diabetes, hypertension, and lipid management (American Diabetes Association, Joint National Committee 
on Hypertension, National Cholesterol Education Program, and Institute for Clinical Systems Improvement).26–30  

Figure 1. Flow of consented residents randomized to receive the simulated learning activity.
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No substantial updates to the curriculum or simulation 
model were needed during the period of implementation 
for this study.

Web Design
A web-based interface (see Figure 3) was designed to 
mimic an interactive electronic health record, and it 
engaged the resident in care actions over longitudinal 
visits with the virtual patient. Medical scenarios were 
portrayed through narrative information displayed on a 

“snapshot screen.” Users responded by taking actions such 
as reviewing the chart history; prescribing medications; 
starting and adjusting insulin; ordering laboratory and 
diagnostic tests such as electrocardiograms, chest X rays, 
and sleep studies; making referrals; giving patient advice; 

Figure 2. Content covered in the 18 learning case curriculum. Each case  
was a mix of basic, intermediate, and advanced learning topics.  
T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; GLP1, 
glucagon-like peptide 1.

Figure 3. Screenshot of the interface for treating a virtual patient in the SimCare educational activity. The patient name and data is fictitious. 
Personal health information was not used to create virtual patients.

viewing self-monitored blood glucose (SMBG) results and changing SMBG frequency; and scheduling phone or visit 
follow-ups at any desired frequency. Changes in dietary and exercise habits, behavioral and medication adherence, 
emotional state, and readiness to change were also modeled, and clues to these patient states were provided through 
narrative supplied at the start of each virtual encounter. The resident could respond to these behavioral and emotional 
issues by selecting applicable advice topics to discuss with the patient and by referring to multidisciplinary support 
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such as educators, dietitians, psychologists, and pharmacists. The learning environment did not address communication 
techniques or health literacy.

Programming the Physiologic Model
The simulation model was developed using a Java31 application running on Linux32 servers, and the data were stored 
in an Oracle33 database. A physiologic model (or engine) was derived from pharmacokinetic curves and formulas 
published in literature that were programmed to compute realistic physiologic responses to resident actions.34,35  
For example, short- and long-acting insulin and oral glycemic drug effects were based on pharmacokinetic curves that 
distribute the SMBG effects of the drugs over SMBG values through the day. The clinical responses modeled were 
based on average effects observed in clinical trials. However, to mirror the individual variation of responsiveness 
also observed in real clinical practice, the average drug effects were attenuated by other virtual patient states such as 
poor adherence, insulin resistance, and emotional distress. For example, the degree of blood glucose effects to insulin 
were dampened if the patient had type 2 diabetes (versus type 1), if they were very obese and had higher levels of 
insulin resistance, if they were nonadherent, or if they had significant depressive symptoms. Blood pressure and lipid 
effects were similarly modeled.36,37 Prior to implementation with the residents, pilot testing by practicing physicians 
and diabetes nurse educators validated that the clinical effects observed with each virtual patient were realistic.

Developing the Feedback
Residents learned through multiple modalities. The primary learning mode was “learning by doing,” such that the 
resident saw realistic clinical responses after each encounter to the treatment actions he/she took. Secondly, the 
resident learned to anticipate the accumulated effects of treatment decisions through graphic and numerical representations 
of the projected clinical goals at 6 months of virtual patient time. Lastly, through a predefined rule management 
system, residents received textual feedback between encounters to suggest future actions and critique past actions 
taken. The rule management system was maintained on a platform independent from the application that could be 
edited from a nonprogrammer clinician perspective. Feedback related to many aspects of medical care, including  
(a) screening, diagnosis, and goal setting; (b) medication starts and adjustments; (c) lifestyle advice and patient education; 
(d) complication prevention and treatment; (e) safety and monitoring; (f) SMBG frequency and pattern recognition; and 
(g) appropriateness of the chosen follow-up interval. At the case conclusion, the learner was also provided with actions 
an expert might take in the case. If care goals were achieved through inappropriate management or with unresolved 
errors, the case ended but the resident was encouraged to repeat the case using the expert feedback received.

Implementing the Learning Activity
At the start of the activity, the learner received a web link to a brief 10 min demonstration case and completed a 
hands-on proficiency test to demonstrate ability to care for virtual patients using the simulation model and web-
based interface. Then, each month for 6 months, residents received three new learning cases that could be completed 
from any anywhere with Internet access. Each virtual case took approximately 15–20 min to complete, and residents 
were challenged to repeat each case as many times as necessary to achieve mastery. Mastery was defined as reaching 
appropriate clinical targets for glycated hemoglobin (A1C), BP, and low-density lipoprotein (LDL) cholesterol within  
6 months of simulated time for each case without clinical management errors or patient safety concerns. Residents did 
not need to complete the monthly set of learning cases in one sitting and could save their work and come back to 
complete the cases at any time.

Analysis
Resident characteristics were collected online at baseline for demographics, specialty, and previous diabetes educational 
experience. Four knowledge assessment questions and one question on confidence in managing diabetes were asked 
on both the baseline and follow-up surveys, and mean change was calculated for these variables. At the conclusion 
of the learning activity, an online evaluation survey was conducted that included five satisfaction items, four items 
evaluating the usefulness of program features, and four items assessing care practice changes. Most items used  
five-point Likert scale response options. For presentation in tables, some response categories were collapsed because of 
sparse data. In addition, two open-ended questions were asked to assess the most valuable things learned and areas 
for improvement, and these responses were categorized into major themes. 
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Differences in survey item responses by PGY, evaluation survey completion status, gender, race, age, and program 
type were tested with one-way analysis of variance, Pearson chi-square tests, and Fisher’s exact test. Change in 
self-assessed knowledge and confidence over time and differential change by PGY were tested with mixed model 
regression incorporating predictors of PGY, time (baseline versus postintervention), and their interaction.

Protection of Human Subjects
The study was reviewed in advance, approved, and monitored by the HealthPartners Institutional Review Board.

Results
At least one learning case was completed by 142/177(80%) of residents assigned to the learning activity (see Figure 1) 
and 88/177 (50%) completed all 18 cases. Among the 142 of 177 residents who attempted learning cases, 59/142 (42%) 
repeated a case at least once. A satisfaction survey was completed by 92/142 (65%) of residents with exposure to any 
learning case and 75/88 (85%) of residents who completed all 18 cases. At baseline (see Table 1), the residents were  
50% female, 44% white, mean age 30 years, 39% family medicine, 51% internal medicine, 6% combined internal medicine–
pediatrics, and 6% other specialty. Mean age and race distribution differed by PGY, as did proportion completing an 
elective rotation with an endocrinologist (6% of PGY-1, 14% of PGY-2, and 44% of PGY-3). Previous diabetes learning 
experiences, specialty, and self-assessed baseline knowledge of residents who completed the learning activity and 
evaluation survey did not differ significantly from those who did not complete them (data not shown).

Table 2 shows that self-assessed knowledge and confidence scores increased significantly from baseline to post-
intervention, and increases were significantly greater for lower PGY residents. At least 90% had favorable responses 

Table 1.
Baseline Characteristics of Primary Care Residents Assigned to the Learning Activity by Postgraduate Year

Characteristic All PGY
N = 177

PGY-1
N = 69

PGY-2
N = 52

PGY-3–4
N = 56

Female, % 49.7 53.6 38.5 57.1

Race, %
White
Asian
Black
Native American
Hispanic
Other
Not specified

White, %a

44.1
32.2
5.1
2.3
5.1
7.9
3.4

44.1

60.9
21.7
2.9
4.4
2.9
4.4
2.9

60.9

30.8
38.5
5.8
1.9
3.9
15.4
3.9

30.8

35.7
39.3
7.1
0.0
8.9
5.4
3.6

35.7

Age, mean (standard deviation)a 30.4 (3.9) 29.4 (4.1) 30.0 (3.0) 32.1 (4.0)

Specialty, %
Family medicine
Internal medicine
Med–peds
Other (dermatology, psychiatry, other)

38.6
50.6
5.7
5.1

44.9
47.8
1.5
5.8

34.6
57.7
3.9
3.9

34.6
47.3
12.7
5.5

Completed a previous online diabetes education program, % 0.6 0.0 1.9 0.0

Completed an elective rotation with an endocrinologist or 
diabetologist, %a 20.1 6.0 13.5 43.6

Learning cases completed, %
0
1–8
9–17
18

19.8
23.2
7.3

49.7

21.7
27.5
7.3

43.5

13.5
17.3
13.5
55.8

23.2
23.2
1.8
51.8

a p < .01
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Table 2.
Results of Evaluation Survey (N = 92 Residents) by Postgraduate Year of Residency

Survey topic All PGY
N = 92

PGY-1
N = 32

PGY-2
N = 33

PGY-3–4
N = 27

Finding time to do the cases was a big problem
 Agree, %
 Neutral, %
 Disagree, %

50.0
26.1
23.9

65.6
18.8
15.6

39.4
24.4
36.4

44.4
37.0
18.5

Would recommend the SimCare program to colleagues
 Agree, %
 Neutral, %
 Disagree, %

91.3
6.5
2.2

84.4
9.4
6.3

100.0
0
0

88.9
11.1

0

Was satisfied with the SimCare program
 Agree, %
 Neutral, %
 Disagree, %

93.5
3.3 
3.3

87.5
6.3
6.3

100.0
0
0

92.6
3.7
3.7

Training adequately prepared me to do the learning cases
 Agree, %
 Neutral, %
 Disagree, %

91.3
7.6
1.1

87.5
9.4
3.1

97.0
3.0
0

88.9
11.1

0

How easy to navigate through cases
Very easy, %
Somewhat easy, %
Somewhat difficult, %
Very difficult, %

44.6
47.8
7.6
0

31.3
53.1
15.6

0

60.6
36.4
3.0
0

40.7
55.6
3.7
0

Displays of SMBG values
 Very useful, %
 Somewhat useful, %
 Not useful, %

85.9
13.0
1.1

84.4
12.5
3.1

84.9
15.2

0

88.9
11.1

0

Feedback received after each encounter
 Very useful, %
 Somewhat useful, %
 Not useful, %

81.5
18.5

0

84.4
15.6

0

87.9
12.1

0

70.4
29.6

0

Diabetes and drug information in the links and help menu
 Very useful, %
 Somewhat useful, %
 Not useful, %

76.1
23.9

0

75.0
25.0

0

81.8
18.2

0

70.4
29.6

0

Graphs showing progress towards A1C, BP, LDL goal
 Very useful, %
 Somewhat useful, %
 Not useful, %

48.9
41.3
9.8

59.4
28.1
12.5

45.5
45.5
9.1

40.7
51.9
7.4

I have already applied what I learned from the simulated cases to actual 
patients

 To most patients
 To many patients
 To some patients
 To a few patients
 Not at all

13.0
20.7
44.6
20.7
1.1

9.4
25.0
46.9
18.8
0.0

15.2
24.2
42.4
18.2
0.0

14.8
11.1
44.4
25.9
3.7

Since doing the SimCare Diabetes cases, the interval between diabetes visits 
that I recommend for actual patients has

 Shortened
 Stayed the same
 Lengthened

63.0
34.8
2.2

59.4
40.6
0.0

57.6
36.4
6.1

74.1
25.9
0.0

Since doing the SimCare Diabetes cases, I am more likely to add a drug or 
increase the dose of a current medication when an actual patient is above 
goal

 Agree, %
 Neutral, %
 Disagree, %

79.4
19.6
1.1

81.3
18.8
0.0

75.8
21.2
3.0

81.5
18.5
0.0

Continued 
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Table 2. Continued

Survey topic All PGY
N = 92

PGY-1
N = 32

PGY-2
N = 33

PGY-3–4
N = 27

Since doing the SimCare Diabetes cases, I am more confident about how to 
use insulin

 Agree, %
 Neutral, %
 Disagree, %

91.3
7.6
1.1

90.6
9.4
0.0

93.9
6.1
0.0

88.9
7.4
3.7

How knowledgeable are you about how to use all available drug classes to 
manage patients with diabetes? (mean)

 Baseline
 Postintervention
 Changea

3.2
3.6

+0.5b

2.7
3.5

+0.8b

3.4
3.6

+0.2

3.4
3.8

+0.4b

How knowledgeable are you about how to start and adjust insulin? (mean)
 Baseline
 Postintervention
 Changec

3.2
4.1

+0.9b

2.7
4.0

+1.3b

3.3
4.1

+0.8b

3.6
4.3

+0.7b

How knowledgeable are you about interpreting patient SMBG? (mean)
 Baseline
 Postintervention
 Changea

3.4
4.2

+0.8b

3.1
4.3

+1.2b

3.4
4.2

+1.2b

3.7
4.2

+0.5b

How knowledgeable are you about setting individualized treatment goals for 
people with diabetes? (mean)

 Baseline
 Postintervention
 Change

3.2
4.1

+0.8b

3.0
4.0

+1.0b

3.2
4.0

+0.8b

3.5
4.2

+0.7b

How confident are you in managing patients with diabetes? (mean)
 Baseline
 Postintervention
 Changec

3.2
4.0

+0.7b

2.7
3.8

+0.9b

3.5
4.1

+0.6b

3.6
4.1

+0.5b

a p < .01 residency year by time interaction.
b p < .01 change from baseline to postintervention.
c p < .05 residency year by time interaction.

to questions about recommending the learning program, being satisfied with the program, and finding the training 
for the learning experience to be adequate. Half of all residents agreed that finding time to do the learning cases was 
a problem. Learning program features found very useful by more than 75% of residents included displays of SMBG 
values (86%), feedback received after the encounter (82%), and diabetes and drug information in the help menu (76%). 
Graphs showing progress toward A1C, BP, and LDL goals were very useful for 49% of residents. Navigation within 
the program was reported as very or somewhat easy for 92% of residents. Residents aged 30 years and older were 
more likely than younger residents (100% versus 82%; p < .01) to recommend the learning program to others; data  
not shown.

A qualitative description of open-ended responses to the most and least valuable features, with categorized responses 
and examples of comments are presented in Table 3.

Discussion
This diabetes simulated educational activity was well-liked by primary care residents. Some enhancements were 
suggested by learners, including simplifying steps to view laboratory test results and change medication doses and 
changing the graphical displays of progress toward clinical goals. Notably, 91% of those who completed the evaluation 
survey indicated that they would recommend it to their colleagues. Comments received from residents included 

“fabulous learning tool” and “my preceptor has clearly noticed a difference in my [diabetes mellitus] management” and 
“the best tool I’ve had all year on insulin initiation and management.” Self-assessed ratings of knowledge and self-
confidence in managing diabetes were significantly improved post-learning activity in all PGYs.
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Table 3.
Qualitative Assessment of Comments and Suggestions (N = 92 Residents)
Categories of the most valuable things 

learned
Number of 
responses Example responses

Insulin management 35

This is the best tool that I’ve had all year on insulin initiation and management. 
This includes transition from basal to basal–prandial, and management of 

mixed insulins/transition to mixed insulin. Overall, fabulous learning tool. I would  
strongly encourage incoming interns to participate if the program was available.

General diabetes management 23

It was the most useful simulated course I have ever attended. My preceptor 
and I clearly noticed a difference in my diabetes management. I was so excited 

to see yesterday that one of my patients dropped from 13 A1C to 9. It was 
definitely because of this course. I would recommend to every resident.

Goal setting 10 Knowing the goals and working on it to get there.

Follow-up 8 Just the importance of quick follow-up to get patients to goal.

Medication use and safety 5 When to start medications and discontinue them, such as thiazolidinediones.

BP management 4 Use of multiple drugs to lower BP.

Hypoglycemia 1 Need for glucagon kit

Lipid management 1 The options for managing hyperlipidemia and the medications that can be used.

Categories of features that could be 
improved

Number of 
responses Example responses

Software enhancements 
   Medication ordering 
   Laboratory ordering
   General interface
   Accessing information

34 (total)
15
13
5
4

Medication changes could be a little easier (modify existing medications instead 
of discontinuing and reordering new dose).

Other—nothing bad to report 27 I liked the cases, and the overall program was helpful to me.

Content improvement 19 I would have benefited from more education regarding mixed insulins.

Unrealistic 11 Some aspects did not mimic actual clinical practice, for example, consults 
ordered.

Time barriers/number of cases 9 It was tough to find the time to use it during my busy intern year.

Implementation improvement 3 The exact duration, number of cases, and time commitment was not clear to 
me now that I look back on it.

Virtual patient simulation activities can be a powerful method to change physician behavior in many settings.38 
While other methods of interactive education may also be effective (e.g., using physician opinion leaders or academic 
detailers), live methods can be difficult to standardize and disseminate and can be quite costly.39,40 Therefore, simulated 
learning activities delivered via the Internet have many potential advantages: increased standardization and enhanced 
scalability. Although there were considerable grant resources used to develop this complex diabetes educational 
activity, the enduring nature of it could potentially improve the cost-effectiveness over time. A formal cost analysis is  
planned after the main outcome results are known. Expenses are expected for personnel needed to keep the learning 
model up-to-date, including one or more content experts to annually review current national guidelines and evidence 
and recommend changes, programmers to amend the simulation model and feedback accordingly, and health care 
professionals to pilot test and validate the updates. Cost variation is expected based on the extent of the changes 
recommended each year (e.g., for 2013, only minor textual changes and no major revisions to the simulation model 
were recommended). Because the cost of keeping the program up-to-date are independent of the number of users, 
there is a lower cost for each health care professional who can be engaged if the education is broadly disseminated. 

This preliminary evaluation has several possible limitations. Because the activity was voluntary (the proportion 
volunteering from a residency program ranged from 23–87% of eligible residents), there may have been self-selection 
of more motivated learners, but a sensitivity analysis showed that satisfaction was not significantly different for residency 
programs with higher or lower levels of participation. Secondly, not all residents were exposed to the intervention  



1252

Using Simulation Technology to Teach Diabetes Care Management Skills to Resident Physicians Sperl-Hillen

www.jdst.orgJ Diabetes Sci Technol Vol 7, Issue 5, September 2013

(80% completed one or more of the cases). However, a secondary analysis showed that residents who started but did 
not complete all 18 cases were just as likely to be satisfied with the learning activity and recommend it to their 
colleagues as those who completed all 18 cases. As opposed to dissatisfaction with the activity, finding time for the 
learning activity was identified as a major problem for 66% of first-year residents and 77% of those who did not 
complete all 18 cases. Lastly, noncompletion of the evaluation by some residents (35%) could potentially bias 
results toward stronger/more favorable opinions. However, the baseline characteristics of survey completers and 
noncompleters were not significantly different, and the pattern of results was similarly positive in all major subgroups 
of residents, including men and women, white and nonwhite, younger and older, family medicine and internal 
medicine, and community-based versus academically based residency settings. Interestingly, PGY-1 residents gained 
the most in terms of self-assessed knowledge and confidence but also had the most difficulty finding time to do the 
learning activity. Nevertheless, it would be of value to re-evaluate the learning activity were it to be implemented as a 
requirement by a residency program and/or with dedicated time to ensure higher completion rates.

Analysis of objective outcome measures of resident competence as assessed through the randomized trial design will 
more definitively prove effectiveness of the learning intervention, and these data are forthcoming. However, results 
of two previous published randomized trials using a prototype of the intervention showed effectiveness of this same 
simulation technology with practicing primary care providers by demonstrating improved glycemic control and 
reduced risky prescribing events in their real patients, without increasing costs.41,42 The evaluation of the simulation 
technology observed in residents, combined with the outcomes observed in practicing health care professionals in 
previous studies, suggest that the simulated educational technology is well liked and can be effective for health care 
professionals with a range of clinical experience.

Conclusions
In summary, there is a strong unmet need to develop and broadly disseminate virtual learning technologies potent 
enough to influence physician behavior and improve quality of chronic disease care. The simulated diabetes 
educational technology described has virtual case-based design characteristics consistent with adult learning principles 
that are believed to lead to more successful learning outcomes. As a potential explanatory model for forthcoming 
main trial analysis of objective knowledge and clinical performance indicators, it is helpful to understand these more 
qualitative perceptions of residents exposed to the learning activity. The virtual education was successfully developed 
and implemented with primary care residents, received high satisfaction scores, and demonstrated positive changes in 
self-assessed knowledge, self-confidence, and practice patterns.
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