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Background: Despite interest in using virtual humans (VHs) for assessing health care 

 communication, evidence of validity is limited. We evaluated the validity of a VH application, 

MPathic-VR, for assessing performance-based competence in breaking bad news (BBN) to 

a VH patient.

Methods: We used a two-group quasi-experimental design, with residents participating in a 

3-hour seminar on BBN. Group A (n=15) completed the VH simulation before and after the 

seminar, and Group B (n=12) completed the VH simulation only after the BBN seminar to 

avoid the possibility that testing alone affected performance. Pre- and postseminar differences 

for Group A were analyzed with a paired t-test, and comparisons between Groups A and B were 

analyzed with an independent t-test.

Results: Compared to the preseminar result, Group A’s postseminar scores improved signifi-

cantly, indicating that the VH program was sensitive to differences in assessing performance-

based competence in BBN. Postseminar scores of Group A and Group B were not significantly 

different, indicating that both groups performed similarly on the VH program.

Conclusion: Improved pre–post scores demonstrate acquisition of skills in BBN to a VH 

patient. Pretest sensitization did not appear to influence posttest assessment. These results 

provide initial construct validity evidence that the VH program is effective for assessing BBN 

performance-based communication competence.
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Background
Effective communication is arguably the most important professional skill that a 

physician can possess.1–4 However, training physicians in crucial interpersonal and 

communication skills remains a challenging problem for medical educators.5 An often-

overlooked aspect of communication training is assessment of learners’ communication 

competency. Although coaching, communication workshops, and other techniques are 

sometimes used to train communication competency in medical education, teaching 

and assessing communication skills customarily occurs through the use of SPIs as part 

of OSCEs.6–8 Developed in the 1960s,9 SPIs have proven adept at assessing learners’ 

“nontechnical” skills,7,8 provided that SPI programs provide ongoing quality assur-

ance monitoring to ensure standardized administration and reliability. Using SPIs for 

assessing communication, professionalism, and interpersonal interactions, however, 

presents some substantial problems.10–14 SPIs are prone to fatigue and excessive mental 

workload, which limits their ability to correctly identify and report on critical conver-

sational and behavioral cues.15 They lack voluntary control over nonverbal behaviors, 
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so their communication can seem inauthentic and potentially 

confusing to learners.16,17 Comprehensive assessment of large 

numbers of students, one-to-one, raises logistical problems 

related to time, cost, and room availability. Other concerns 

include the validity of assessment, which relies on examiner 

expertise and requires consistency across examiners.18,19

One solution for reliable and consistent assessment 

of communication skills is to use novel, computer-based 

methods, such as VH patients.20–22 VHs are “intelligent” 

computer-generated, conversational agents with human 

form and the ability to interact with humans using verbal 

and nonverbal behaviors very similar to those people use in 

face-to-face interactions with each other. Researchers have 

developed and deployed successful military applications 

using VHs.23,24 VH simulation also appeals to medical and 

nursing students, who are enthusiastic about learning using 

new media technology, which can promote engagement and 

enhance learning.25–27 Preliminary efforts in the use of VHs 

to train medical communication and interpersonal skills 

have been exploratory.20,28 Research on VH technology’s  

effectiveness as an assessment tool for clinical skills has 

been limited to examining the  outcomes of 3-D VH patients 

as a  component in a virtual OSCE compared to a traditional 

OSCE.29

One content area that presents a good fit for VH com-

munication assessment and training is the field of cancer 

care. First, the need for communication training is clear. 

Conversations around cancer care are particularly stressful 

for physicians, patients, and family. When poorly executed, 

these conversations can potentially harm the peace and dig-

nity of human beings when they are extremely vulnerable.30–36 

Despite its importance, only 5% of practicing oncologists 

report having been trained in basic communication skills 

such as relaying bad news,37 and only 31.2% of terminally 

ill cancer patients report having had end-of-life discussions 

with their physicians.38 Second, educational protocols already 

exist to provide communication training in cancer care.39,40 

These protocols are amenable to adaptation into virtual 

training environments and consequently provide a structure 

of educational domains to guide assessment.

Aware of the important need and the existing educational 

protocols, and utilizing grant funding from the National Insti-

tutes of Health, National Cancer Institute, three of the authors 

of this study (FWK, MWS, and MDF) – in cooperation with 

others – successfully developed and tested an innovative 

computer application MPathic-VR (an acronym derived from 

the grant title, “Modeling professional attitudes and teaching 

humanistic communication in virtual reality”), which uses 

emotive VHs to assess and train communication skills in the 

setting of cancer. The initial step in MPathic-VR involved 

learning how to break bad news to a young woman (a VH) 

with leukemia. Our aim for this study was to gather evidence 

of construct validity for MPathic-VR’s particular use, namely, 

assessing physician performance-based competence in BBN. 

The construct being measured is communication competence 

upon exposure to a BBN module.

For the purpose of this study, we adopted Messick’s41 

highly cited unified concept of construct validity that sub-

sumes content-related, substantive, structural, generalizable, 

external, and consequential aspects. At least four types of 

studies might be conducted to establish evidence of construct 

validity: 1) correlational studies, 2) multitrait–multimethod 

studies, 3) factor analytic studies, and 4) group difference 

studies, such as the one we have conducted. Our initial effort 

to gather construct validity evidence began by using an 

experiment to see whether MPathic-VR could detect pre–post 

differences in a group exposed to a communication train-

ing intervention. Although we considered a factor analysis 

or correlational study, as Messick41 noted, “Probably even 

more illuminating in regard to score meaning are studies of 

expected performance differences over time, across groups 

and settings, and in response to experimental treatments and 

manipulations”. Hence, we chose the fourth type, namely, 

group difference studies.

Methods
Design
We used a two-group quasi-experimental design with internal 

medicine residents participating in a 3-hour seminar on BBN 

to cancer patients. To control for pretest sensitization, Group 

A completed the VH simulation before and after BBN semi-

nar exposure, while Group B completed the VH simulation 

only after the BBN seminar.

Participants
Second-year and third-year internal medicine residents at 

the University of Wisconsin in the Midwestern United States 

participated in a seminar, WiTalk, on BBN to patients, who 

were the target audience. The Group A seminar included 15 

residents. Twelve days later, Group B attended the seminar, 

which included 12 residents. Seven residents (Group A, n=4; 

Group B, n=3) had previous exposure to a BBN training. 

The primary data collection occurred in the period Janu-

ary–February 2011.
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Ethics approval and consent to 
participate
The study received IRB exemption from the University 

of Wisconsin–Madison under the exemption category of 

research involving the use of educational tests. The research 

adhered to IRB guidelines for human subject protection. 

All residents provided informed consent to participate in 

the research.

Educational intervention
The half-day seminar, called WiTalk (now presented in a 

substantially expanded format called WeTalk) was developed 

by two of the authors (TCC and ABZ), based on published 

reports and previous experience participating in the Oncotalk 

program.37,39,40,42,43 A primary goal of WiTalk was for indi-

viduals to learn the SPIKES protocol for BBN.40 SPIKES 

provides a structured method for BBN, in which the physician 

attends to “setting up” the meeting, assesses the patient’s 

“perception” of what is occurring, obtains an “invitation” to 

provide information, provides “knowledge” information to 

the patients about their condition, uses empathic responses to 

address “emotions”, and then “summarizes” the conversation 

and the strategy.40 The half-day WiTalk workshop included 

the following core components: a brief didactic period of 

instruction practicing the skills, critiquing a colleague, and 

playing the role of a physician using standardized patient 

actors about realistic internal medicine cases in a small group 

of three to five people. Finally, trained faculty led an exercise 

to develop individual future learning objectives.

Assessment of the intervention using the 
interactive VH program
The interactive program consisted of a large video monitor, 

a webcam, a microphone, and a Windows desktop com-

puter loaded with the MPathic-VR program. The scenario 

began with a brief, introductory sequence that set up an ER 

encounter between the participant and a young VH woman 

named Robin. The sequence began with a handoff between 

the physician going off shift and the participant. The partici-

pant finds out that Robin is a previously healthy female who 

presented to the ER with a nosebleed. Her nose was packed, 

which controlled the bleeding. She is very impatient and 

would like to leave although her laboratory tests, including 

a CBC, are pending. The participant receives information 

through a call from the hematopathologist and learns that 

Robin’s platelets are dangerously low and that there are 

blasts with Auer rods on her blood smear, and the results are 

consistent with a diagnosis of acute myelogenous leukemia. 

The learner must break this bad news to Robin and, in part 

through building rapport and demonstrating empathy, con-

vince her to be admitted for further urgent evaluation and 

treatment. A demonstration video of MPathic-VR is available 

as a supplementary video file.

The MPathic-VR program allowed participants to 

navigate the scenario by engaging in a conversation with 

Robin. The iteration of the MPathic-VR application used 

in this study featured a series of 14 key communication 

interchanges strung together to create a learner–VH dialog. 

In each interchange, the MPathic-VR application presented 

the learner with three possible responses to speak to Robin, 

who in turn then spoke with the learner. Participants were 

instructed that, “Your task is to pick what you believe to be 

the most appropriate statement from the set of three, and 

then speak it to the patient.” Each interchange included one 

optimal response and two suboptimal responses, which were 

plausible distractors, developed through work with cancer 

care experts (JFC and TCC) who have substantial experi-

ence in communicating bad news in cancer care. To ensure 

content relatedness, they reviewed the text for each choice, 

ranking of choices, and penalty values. Participants were 

penalized points for choosing suboptimal responses. The 

optimal choice, suboptimal choices, and the severity of pen-

alties were based upon best practices for using the SPIKES 

protocol in BBN. Most penalty values range from 1.0 to 3.0. 

Higher point values are assigned to more serious deviations 

from protocol or good practice. Thus, a higher overall score 

reflects worse performance, and a lower score reflects better 

performance. The object of the interaction was to share the 

presumed diagnosis with Robin in an optimal manner and to 

transition her to the appropriate inpatient care. In addition to 

penalty points, suboptimal communication could also result 

in Robin leaving the ER in a very precarious condition. 

Table 1 provides a brief excerpt of the introductory script, 

demonstrating the statement–three response structure of an 

exchange. MPathic-VR uses data from each interchange 

(ie, response spoken by the learner) in combination with 

the programmed algorithm to determine the real-time VH 

response. For example, an optimal response by the learner 

leads to an appropriate and more neutral VH response, while 

a suboptimal response can escalate the interaction.

Experiment
Group A completed the VH simulation prior to and after 

exposure to the BBN seminar to produce pre- and post seminar 

scores. It is possible that performance on the preseminar 

test could provide information and cues that might benefit 
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participants on the postseminar test. Thus, to account for the 

potential of testing as a validity threat, an additional group 

was needed. Group B attended the BBN training, but only 

participated in the simulation after the seminar, thus provid-

ing only postseminar test scores. If the training was effective, 

it was expected that the postseminar test scores would be 

comparable for Groups A and B. Because Group B did not 

complete a preseminar test, their postseminar test scores 

were free of potential pretest sensitization.44 The dependent 

variable was the score on the MPathic-VR simulation.

Hypotheses
We proposed the following hypotheses: 1) MPathic-VR 

scores will improve (decreased score reflects better per-

formance) from the preseminar test to the postseminar test 

based on exposure to the BBN intervention; 2) improvement 

in scores results from improved understanding of seminar 

content, not pretesting; and 3) the difference will be greatest 

among individuals who had no BBN training before partici-

pating in the seminar.

Analysis
Descriptive data were calculated to compare the two groups. 

We assessed pretest group differences to questions about 

experience in BBN using a Mann–Whitney U-test. Pre- and 

postseminar differences for Group A were analyzed with a 

paired t-test. The postseminar scores of Groups A and B were 

analyzed with an independent t-test. Differences between 

Group A’s preseminar result and Group B’s postseminar result 

were analyzed with an independent, directional (one-tailed) 

t-test. These data were analyzed with a directional t-test 

because the postseminar scores of Group B were expected 

to show improvement relative to the preseminar scores of 

Group A. A significance level of p<0.05 was the criterion 

for all statistical testing. All analyses were performed using 

IBM SPSS Statistics, version 22 (IBM Corporation, Armonk, 

NY, USA).

Results
The demographics of Groups A and B appear in Table 2. In 

Group A, which used the MPathic-VR program along with 

both pre- and postintervention tests, all participants were 

in their second year of residency. In Group B, which only 

used MPathic-VR postseminar test, seven participants were 

second year residents, three were third year residents, and 

two were unknown. Experience with BBN did not differ 

significantly between the groups, based on the results of the 

Mann–Whitney U-test.

Table 3 presents the mean MPathic-VR scores for both 

groups. Group A consisted of 15 participants, including 

four individuals with prior BBN training. Group B had 12 

participants, including three with prior BBN training. Data 

from both groups met normality assumptions, based on the 

Shapiro–Wilk test (W=0.948, p=0.49; W=0.906, p=0.12, 

respectively). For Group A, the postseminar mean score of 

8.1 (SE: 0.69) was significantly lower than the preseminar 

mean score of 12.7 (SE: 1.24; t (14) =3.41, p=0.002), dem-

onstrating responsiveness to the intervention. These results 

support the hypothesis that scores improved pre–post as a 

result of exposure to the BBN seminar.

The postseminar test scores for Groups A and B did not 

differ significantly, indicating that both groups had a similar 

performance in MPathic-VR. As shown in Table 3, Group 

A scored a postseminar mean of 8.1 (SE =0.7), and Group 

B scored a postseminar mean of 10.3 (SE =1.2; t(16) =–1.4, 

p=0.175). Levene’s test for this comparison was significant 

(p<0.05), so the t-value and df are reported for unequal 

variances.

The mean scores for the 12 participants in Group A, who 

reported no prior BBN training, are shown in Table 4. Posttest 

scores (mean =8.6, SE =0.80) were significantly lower (as 

noted, lower is better) than the pretest scores (mean =14.0, 

SE =1.29; t (11) =3.32, p<0.007). Further, we expected the 

posttest scores for Group B to be better (ie, lower) than the 

pretest scores of Group A. The results confirm that the Group 

B posttest scores (mean =10.1, SE =1.64) were significantly 

lower than the Group A pretest scores (mean =14.0, SE =1.29; 

t(19) =1.9, p=0.037; Levene’s test: p>0.05). The posttest 

means for both groups, however, were not significantly 

different: t(11.8) =–0.838, p=0.419. Levene’s test for this 

comparison was significant (p<0.05), so the t-value and df 

are reported for unequal variances. Thus, when participants 

with prior BBN training are removed from the analyses, 

Table 1 Excerpt from MPathic-VR breaking bad news script

Exchange 6
Robin
Am I anemic? You know I’m a vegan, right? I promise I’ll do better about 
taking my B-12. (annoyed)
Can I go now?
Doctor 
(a) No, the problem is not anemia, and B-12 won’t help
(b) Robin, you have leukemia
(c)  Now, please listen to me carefully. I will answer all of your questions 

afterward

Notes: Each choice is distinct. The choice made contributes to the VH’s reaction 
and participant scoring.
Abbreviation: VH, virtual human.
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“both” sets of scores were significantly improved compared 

to the Group A preseminar test scores. Because the group 

without a pretest was not significantly different from the 

group with a pretest, the results support the hypothesis that 

the improvement was due to the seminar content rather than 

the pretesting. Moreover, it illustrates that MPathic-VR could 

be used to assess improvement.

The pre–post mean difference of 5.4 for participants 

without prior BBN training was slightly larger than the mean 

difference of 4.6 for participants with prior BBN. These 

results supported the final hypothesis that the difference was 

the greatest among participants without BBN training before 

participating in the seminar. The system scores reflected that 

hypothesis and detected a greater difference among those 

without prior BBN training.

Discussion
The responsiveness of scores to the BBN training yields 

initial evidence of construct validity of MPathic-VR as an 

assessment tool for, in this instance, assessing performance-

based competence in BBN among medical resident partici-

pants. The results offer support for the three hypotheses that 

MPathic-VR scores would improve from the pretest to the 

posttest state with exposure to training, that improvement 

would reflect the training rather than pretesting, and that 

the difference would be greatest among individuals without 

prior BBN training. Group A’s postseminar MPathic-VR 

scores were comparable to Group B’s postseminar test scores, 

and both sets of scores were significantly different from the 

preseminar test scores of Group A. Therefore, improved 

MPathic-VR scores after the seminar are a measure of 

Table 2 WiTalk palliative care workshop participants’ experience with BBN

Parameter Group A Group B Total p-value

n (%) n (%) n (%)

Current year of training
Postgraduate Year 2 15 (100) 7 (58.3) 21 (80.8)
Postgraduate Year 3 3 (25) 3 (11.5)
Missing 2 (16.7) 2 (7.7)
Total 15 12 27
BBN experience Mean ± SD Mean ± SD Mean ± SD
Your best estimate of the number of times in the past year that you were present when 
bad news was given to a personal family member, friend, or acquaintance

6.36±12.6 6±7.9 6.2±10.7 0.2

Your best estimate of the number of times in the past year that you were present as a 
health professional when bad news was given to a patient

18.5±13.6 15.1±7.6 16.6±10.4 0.8

Your best estimate of the number of times in the past year that you provided bad news to 
a patient

20.1±24.8 8±5.9 14.7±19.4 0.4

Level of anxiety regarding breaking bad news to patients and families 3.14±0.95 2.75±0.62 2.96±0.82 0.3

Note: Questions with mean (SD) and median (IQR): based on Mann–Whitney U-test for comparing the independent medians.
Abbreviations: BBN, breaking bad news; IQR, interquartile range.

Table 3 Pre–post differences in MPathic-VR score

Group Preseminar Postseminar t-test df p-value

Min Max Mean ± SE Min Max Mean ± SE 

Group A (n=15) 6.0 22.0 12.7±1.2 4.0 14.0 8.1±0.7 3.41a 14 0.002
Group B (n=12) 4.0 18.0 10.3±1.4 
Posttest only: Group A vs Group B –1.40 16 0.175

Notes: Group A completed the VH simulation before and after the seminar; Group B completed the VH simulation only after the seminar. aPaired-samples t-test for 
preseminar and postseminar results for Group A only; bindependent samples t-test for Group A and Group B posttest results only.
Abbreviations: Max, maximum; min, minimum; MPathic-VR, modeling professional attitudes and teaching humanistic communication in virtual reality.

Table 4 Pre–post differences in MPathic-VR score for participants who reported no prior BBN training

Preseminar Postseminar t-test df p-value

Min Max Mean ± SE Min Max Mean ± SE 

Group A (n=12) 7.0 22.0 14.0±1.3 4.0 14.0  8.6±0.8 3.32 11 0.007
Group B (n=9) 4.0 17.0 10.1±1.6 
Posttest only: Group A vs Group B -0.838 11.8 0.419

Notes: Group A completed the VH simulation before and after the seminar; Group B completed the VH simulation only after the seminar.
Abbreviations: BBN, breaking bad news; Max, maximum; min, minimum; MPathic-VR, modeling professional attitudes and teaching humanistic communication in virtual 
reality.
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acquisition of knowledge and skills in delivering bad news 

to the VH patient.

Importantly, we found little evidence of pretest sensitiza-

tion because the improvement of scores was not attributable to 

using MPathic-VR twice. The Group B posttest scores were 

lower than the Group A’s pretest scores, and this difference 

reached statistical significance when participants with prior 

BBN experience were removed from the analyses. More-

over, the findings from our quasi-experimental two-group 

evaluation showed that scores on MPathic-VR could reliably 

distinguish between residents who did or did not have previ-

ous training in BBN. Presumably, individuals with previous 

BBN training would have also applied BBN communication 

techniques and gained experience. The MPathic-VR pre-

seminar scores indeed demonstrated stronger competence 

for physicians with prior exposures to BBN training. These 

results suggest that MPathic-VR has utility for assessing 

BBN competence.

This study contributes to the understanding of VH-based 

assessment of communication skills by gathering validity 

evidence and examining the utility of VHs for assessment. 

First, the results demonstrate that MPathic-VR scores 

are indicators of BBN competence. Because assessment 

and learning are iterative and tightly interrelated, medical 

educators need consistent and reliable ways to formatively 

assess development of communication skills. MPathic-

VR yields a reliable assessment, which can help to ensure 

appropriate instruction that is guided by the learner’s 

demonstrated strengths or weaknesses. Second, this study 

supports MPathic-VR’s value for standardized and effi-

cient communication assessment. As introduced herein, 

SPIs provide a valid method of skill assessment but have 

substantial limitations when used for communication and 

professional assessment.14 A computer-based method, such 

as MPathic-VR, can obviate those limitations by ensuring 

standardization of VH behaviors and learner–VH interaction. 

It can also ensure standardization over time, across multiple 

interactions, and across multiple institutions. Furthermore, 

it can avoid the logistical problems and expense that typify 

SPI programs. Thus, VH simulation is an important area of 

study to improve assessment of nontechnical skills and to 

provide training.

This study has potential limitations. One issue relates to 

the sample size. A post hoc power analysis for the current 

study demonstrated an actual power of β=0.956 to detect 

the pre–post mean difference effect size (d=0.88) that we 

found.45 Nevertheless, future work needs to expand this 

research with larger samples and with other populations to 

determine whether the effects observed here are generaliz-

able, perhaps to fellow or attending physicians. To further 

build an even stronger validity argument, it would be infor-

mative to determine criterion relatedness by correlating the 

MPathic-VR scores with other measures of communication 

competence and to examine internal structures using factor 

analysis. Another limitation is that these results pertain to a 

particular assessment tool used for testing performance-based 

competence in BBN to a VH patient. Evidence of the valid-

ity of MPathic-VR for other assessment applications (eg, to 

assess interprofessional or intercultural communication) will 

require further validation studies.46 The third limitation relates 

to the implementation of MPathic-VR as an assessment tool. 

Demonstrating the potential of interactive VH patients for 

competency assessment is an initial step, yet integrating it 

into a curriculum program will bring in implementation 

challenges that require further research. Assessments of other 

fields or skills may also be useful for assessing physician 

competence in cancer communication.

Conclusion
Our findings provide initial construct validity evidence 

that the interactive VH program, MPathic-VR, can assess 

changes in BBN performance-based competence after com-

pleting BBN training. Further research is needed to gather 

evidence of criterion relatedness with other assessments and 

of construct validity with a larger sample. No single study 

can establish validity evidence for scores of an assessment, 

and multiple studies are needed to thoroughly develop a 

full validity argument.46 To the best of our knowledge, these 

results appear to be the first to demonstrate that software 

featuring a VH patient interaction can be used for assessing 

communication skills in medical education.

Abbreviations
BBN, breaking bad news; CBC, complete blood count; ER, 

emergency room; IRB, institutional review board; MPathic-

VR, modeling professional attitudes and teaching humanistic 

communication in virtual reality; OSCEs, objective structured 

clinical examinations; SPIs, standardized patient instructors; 

VH, virtual human.
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