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Figure 1: Forest plot (n = 19) examining the

effectiveness of virtual humans in improv-

ing health-related outcomes.
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ABSTRACT

Virtual humans are computer-generated characters designed to simulate key properties of human

face-to-face conversation—verbal and nonverbal. Their human-like physical appearance and nonverbal

behavior set them apart from chatbot-type embodied conversational agents, and has recently received

significant interest as a potential tool for health-related interventions. As healthcare providers deliber-

ate whether to adopt this new technology, it is crucial to examine the empirical evidence about their

effectiveness. We systematically evaluated evidence from controlled studies of interventions using

virtual humans on their effectiveness in health-related outcomes. Nineteen studies were included

from a total of 3354 unique records. Although study objectives varied greatly, most targeted psy-

chological conditions, such as mood, anxiety, and autism spectrum disorders (ASD). Virtual humans

demonstrated effectiveness in improving health-related outcomes, more strongly when targeting
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clinical conditions, such as ASD or pain management, than general wellness, such as weight loss. We

discuss the emerging differences when designing for clinical interventions versus wellness.

INTRODUCTION

A Note on Vocabulary

We use the term Virtual Humans. In the follow-

ing list, we enumerate other commonly used

terms in the literature to describe similar enti-

ties, but not always the same.

• Avatar/ Digital avatar

• Virtual characters/ Virtual humans

• Computer-modeled characters/

Computer-modeled entities

• Embodied conversational agent (ECA)/

Relational agent

• Virtual assistant/ Intelligent assistant

• Serious games/ Games for health

For example, an avatar often means a computer

generated representation of the user, such as

in video games, and controlled directly by the

user’s input. ECAs and relational agents sim-

ulate human turn-taking and use natural lan-

guage generation algorithms but do not require

a human-like physical appearance; they are

mostly realized as chatbots. Virtual assistants

like Siri or Alexa neither require a human-like

physical appearance. Virtual characters may

not be human but computer-animated cartoon

characters. Serious games may use computer

generated human-like characters, besides the

user’s avatar, but they are not required to simu-

late key properties of face-to-face conversation.

Virtual Humans: Computer-generated and

computer-controlled characters with a human-

like physical appearance and ability to simulate

key properties of human face-to-face conver-

sation, verbal (e.g., speech, voice modulation,

turn-taking conventions) or nonverbal (e.g.,

gaze, emotions, head movement, metaphoric

gestures) or both.

Virtual characters and environments are rapidly becoming a popular tool for health-related assess-

ments and interventions. As artificial intelligence (AI), computer graphics (CG), and ubiquitous

computing technologies become increasingly powerful, it is worthwhile to take stock and examine

how current applications are faring, and in turn, inform technology adoption and technology design

decisions. But, since driving innovation is a key mission of the HCI community, sometimes empirical

investigation of these innovative designs—particularly replication of such studies—takes a back seat.

However, when striving for healthcare adoption, the norm is offering systematic empirical evidence of

efficacy, which is ideally done using a meta-analysis.

A meta-analysis of the effectiveness of an emerging interdisciplinary technology is challenging,

particularly when empirical studies are rarely replicated, technology designs are disparate and often

not fit for comparison, and disciplinary priorities are divergent if not orthogonal. It is therefore not

surprising that systematic reviews of virtual characters in healthcare is scant. Toward addressing

that, we present a meta-analysis of a type of virtual characters—virtual humans—in health-related

interventions (see the sidebar for a note on terminologies). While typical meta-analyses may include

many studies, due to the issues mentioned above, this meta-analysis included 19 studies (Figure 2).

Virtual humans have long been used in video games, like Second Life, and more recently in serious

games (or games for health) as interventions for healthy eating and nutrition. Serious games always

offer a digital avatar, a virtual representation of the player–themselves or thereof (e.g., a pet), and may

also include other virtual characters. But the efficacy of these interventions is primarily grounded in the

game narrative, incentives, and manipulation of avatar characteristics to attenuate how much players

identify with their avatars. This review does not focus on how the relationship between individuals and

their avatars bring about health behavior changes. Instead, we examine the effectiveness of interactions

between humans and virtual humans in health-related interventions. Besides effectiveness, there

are other concerns in adoption of virtual humans in healthcare, such as ethical and legal issues, or

perception and willingness of healthcare workers, which is being explored by healthcare researchers

elsewhere.

Within health and wellness, virtual humans can help in senior care, e.g., providing options for home

care monitoring and companionship, promote physical exercise, or offer alternatives to in-person

psychotherapy. Although prior works have reviewed similar interventions, the focus had been on

low-tech solutions that can deliver Internet-based mental health interventions for routine clinical

practice [15]. With the rapid development of CG and AI, virtual humans in health-related applications

have attracted a substantial amount of attention. However, comprehensive evidence about their



efficacy remains lacking. We systematically review, synthesize, and quantify the currently available

evidence on the efficacy of virtual humans in interventions across a range of health-related outcomes.

METHODS

Besides systematic qualitative review, quantitative aspects play a key role in evidence synthesis.

The statistical methodology for combining quantitative evidence from different studies is called

meta-analysis, a staple in healthcare research. A meta-analysis allows synthesizing evidence from

studies that have compared different interventions and measured these interventions with different

outcomes. It combines the influential factors from all available works and quantifies the overall

validity of the findings. Following standard guidelines for conducting meta-analyses, we devised a

search strategy, established inclusion and exclusion criteria, extracted data, synthesized data, and

performed a statistical analysis with eligible studies.

19 Studies (16 articles) were 
eligible in this meta-analysis 

4554 Records were identified from
databases
Google Scholar, ACM DL, PubMed,
PsychInfo, MEDLINE, EMBASE,
CINAHL, Cochrane Central Register 
of Controlled Trials

4558 Records were selected

3354 Abstracts were selected

493 Full-text articles were included

4 Records were further
identified from other sources

946 Duplicates were removed

258
104

121
33

Exclusions
Non-English records
Editorial, erratum
Before 2000

2861
2387

474

Exclusions
Studies did not have
any interaction with
virtual humans
Reviews and serious
games with no 
virtual humans

477 Studies lacked data for
analysis, did not have a
control group or intervention

Figure 2: Summary of literature search fol-

lowing PRISMA guidelines [13].

Focusing on virtual humans in health-related interventions, we identified two domains, (1) HCI

and (2) healthcare, developed a set of keywords (Table 1) and identified a set of electronic databases

to mine literature (Figure 2). The search was conducted between January and November 2018 using

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework [13];

all search queries were used separately in each identified database.

Studies were excluded if (1) not in English, (2) did not include a virtual human in a health-related

intervention, (3) did not have a control group, or (4) did not report necessary statistics (M and SD of the

outcome measure in control and experimental groups). Empirical studies were included where (1) the

interaction between humans and virtual humans was a part of the intervention and (2) a health-related

outcome was measured. The first and third author independently assessed the relevancy of search

results and selected full-texts for further review. The first and second author independently abstracted

the key study factors into a data extraction form and then came to a consensus on which studies met

the inclusion criteria; the third author made the definitive decision when discrepancies would arise.

With our inclusion criteria, 19 studies from 16 articles were selected from a total of 3354 unique

records, which were then synthesized using the PICOTS (population, intervention, comparison group,

outcomes, time frame, setting) framework [16]. Because the included studies varied in terms of the

population (from children to older adults), health-related outcome (e.g., improving social skills in ASD

patients or help with substance abuse), and the intervention design (e.g., delivered via desktop, tablet,

or virtual reality, Tables 2 & 3), a random effects model was used for the meta-analysis. Random

effects model do not assume that the estimated effects come from a single homogeneous population,

but the fact that true effect sizes vary from study to study. All statistical analyses were performed

in R using the meta package. Standardized mean differences (SMD) were used as the effect size to

quantify the overall effectiveness of virtual humans in health-related interventions.



RESULTS
Table 1: Search strategy and queries.

Domain Search Terms

Avatars (avatar OR embodied

conversational agent OR

computer-modeled entities

OR digital characters OR

digital interlocutors OR

computer-modeled charac-

ters OR humanlike character

OR anthropomorphic charac-

ter OR cartoon character OR

relational agent)

Narrative (digital narrative OR digital

health education OR digi-

tal plot OR health games

OR games for health OR ex-

ergames OR healthy games

OR active games OR active

videogame OR active video

game OR serious games OR

health videogames OR story

immersion)

Assistant (digital assistant OR virtual

assistant OR digital caregiver

OR virtual caregiver OR vir-

tual nurse OR digital nurse)

Some Characteristics of Selected Studies

exclusively women as participants: 2 [1, 7]

exclusively children as participants: 2 [2, 19]

exclusively older adults as participants: 1 [9]

example of clinical conditions: overactive

bladder (OAB) [1], depression [4],

schizophrenia [5, 11], substance abuse [8],

ASD [9], terminal care [19], Type 2 Diabetes

[17], chronic stress [18].

example of wellness interventions: exercise [2],

health education [3], lifestyle [6, 7, 12].

All 19 studies selected for the meta-analysis were randomized clinical trials (RCTs), where a virtual

human was used as the intervention; they were all published after 2010.

Study sample sizes ranged from 14 to 354. The total sample size was 1525, with 742 belonging to

the intervention or experimental group. These studies can be broadly categorized into two types of

design objectives: (1) for clinical interventions [1, 4, 5, 8–11, 14, 17–19] or (2) for general wellness, for

instance, lifestyle changes [2, 6, 7] or informal health education [3, 12].

Study

Random effects model
Heterogeneity: I2 = 75%, τ 2 = 0.1637, p < 0.01
Residual heterogeneity: I2 = 74%, p < 0.01

PEI = Wellness

PEI = Clinical

Random effects model

Random effects model

Heterogeneity: I2 = 70%, τ 2 = 0.0872, p < 0.01

Heterogeneity: I2 = 76%, τ 2 = 0.2732, p < 0.01

Ly et al., 2017
Bickmore et al., 2016
Bickmore et al., 2016
Bickmore et al., 2013
Bickmore et al., 2013
Friederichs et al., 2014
Gardiner et al., 2017

Andrade et al., 2015
Burton et al., 2016
Craig et al., 2018
Gordon et al., 2017
Hopkins et al., 2011
Hopkins et al., 2011
Im et al., 2016
Park et al., 2011
Ruiz et al., 2014
Leff et al., 2013
Shamekhi et al., 2017
Utami et al., 2017

Total

742

421

321

 13
 43
 43
 79
 53

162
 28

 22
 13
 57
 28
 11
 13
 15
 33
 30
  7

 75
 17

Mean

-12.38
3.70
4.80

4418.00
4204.00

4.60
-20.00

90.90
-13.90
-22.18
-11.00

6.57
9.54
0.88

88.00
24.93

-29.25
1.10

-27.80

SD

5.00
1.60
1.70

2298.00
2806.00

1.60
3.10

3.22
8.10

11.12
29.70

2.28
2.34
0.31
6.00
6.24
4.86
1.60
8.90

Experimental
Total

783

458

325

 14
 46
 46
 79
 52

192
 29

 19
 14
 58
 31
 14
 11
 15
 31
 30
  7

 79
 16

Mean

-17.14
2.70
3.40

4603.00
3741.00

4.00
-19.00

79.52
-17.60
-25.18
-26.00

5.18
6.08
0.73

82.90
25.06

-31.75
0.09

-29.70

SD

4.40
1.80
1.90

2847.00
2487.00

1.90
3.10

3.11
6.80

10.73
70.30

2.44
2.33
0.26

10.00
4.97
5.39
1.58
8.70

Control

-2 0 2 4

SMD

0.49

0.31

0.65

0.98
0.58
0.77

-0.07
0.17
0.34

-0.32

3.52
0.48
0.27
0.27
0.57
1.43
0.51
0.62

-0.02
0.46
0.63
0.21

95% CI

[ 0.27; 0.72]

[ 0.04; 0.58]

[ 0.30; 1.01]

[ 0.18; 1.79]
[ 0.16; 1.01]
[ 0.34; 1.20]
[-0.38; 0.24]
[-0.21; 0.56]
[ 0.13; 0.55]
[-0.84; 0.20]

[ 2.51; 4.53]
[-0.29; 1.25]
[-0.09; 0.64]
[-0.24; 0.78]
[-0.24; 1.37]
[ 0.51; 2.35]
[-0.22; 1.24]
[ 0.11; 1.12]
[-0.53; 0.48]
[-0.61; 1.52]
[ 0.31; 0.96]
[-0.47; 0.90]

Weight

100.0%

43.0%

57.0%

4.0%
6.2%
6.2%
7.0%
6.5%
7.5%
5.6%

3.1%
4.1%
6.6%
5.7%
3.9%
3.4%
4.4%
5.7%
5.7%
2.9%
6.9%
4.6%

[12]
[3]
[3]
[2]
[2]
[6]
[7]

[1]
[4]
[5]
[8]
[9]
[9]

[10]
[14]
[17]
[11]
[18]
[19]

Figure 3: A meta-analysis suggested a significant positive effect of health-related interventions using

virtual humans comparedwith no virtual humans, SMD = 0.49, p < 0.01, 95% CI [0.27, 0.72]. A subgroup

analysis revealed a larger effect for clinical interventions, SMD = 0.65, p < 0.01, 95% CI [0.30, 1.01], than

interventions for general wellness, SMD = 0.31, p < 0.01, 95% CI [0.04, 0.58].



DISCUSSIONOverall Effectiveness

A meta-analysis suggested a significant

positive effect of health-related interventions

using virtual humans compared with no

virtual humans, SMD = 0.49, p < 0.01, 95% CI

[0.27, 0.72]. A subgroup analysis revealed a

larger effect for clinical interventions, SMD =

0.65, p < 0.01, 95% CI [0.30, 1.01], than

interventions for general wellness, SMD = 0.31,

p < 0.01, 95% CI [0.04, 0.58].

Interpreting the Meta-Analysis

• SMD or standardized mean difference

is used as a summary statistic in meta-

analysis when all the research studies

assess the same outcome, but measure

it in different ways.

• SMD is often used interchangeably with

effect size and interpreted similar to Co-

hen’s d : small, SMD = 0.2; medium, SMD
= 0.5; and large, SMD = 0.8.

• SMD is a point estimate of the effect of

an intervention. Calculating 95% confi-

dence intervals (CIs) for the SMD facili-

tates comparing the effects of different

interventions.

• The meta-analysis presented in this pa-

per suggests that comparing with tradi-

tional interventions, interventions using

virtual humans havemore efficacy—with

a medium effect size for clinical condi-

tions (SMD = .49) and a small effect size

for wellness (SMD = 0.31).

Using a systematic review and meta-analysis, we showed empirically an effectiveness of interventions

using virtual humans in health-related outcomes, thereby synthesizing evidence from currently

available studies (see the sidebar for effect sizes). Our analysis has limitations, particularly with the

wide variety in population, intervention, and outcome types (Tables 2 & 3). Furthermore, another

obvious limitation is the scarcity of appropriate studies that use virtual humans as an intervention

on health-related outcomes. Nevertheless, our work is a first step toward critically examining the

evidence of effectiveness of virtual human interventions in healthcare.

It is encouraging that a subgroup analysis found a stronger positive effect of virtual human inter-

ventions in treating clinical conditions in comparison with general wellness (Figures 1 & 3). Although

most designs were preceded with one or more requirements gathering phases, using focus groups,

surveys, or interviews, it appears that virtual human interventions for specific clinical conditions were

more tailored to known aliments and thereby more effective. Further studies are needed to unpack

the design dimensions of virtual human interventions and factors that lead to intervention efficacy.

For example, when treating clinical conditions, often the design decisions were heavily authored by

medical specialists. It is notable that a majority of studies treating clinical conditions focuses on

mental health. Given our positive results, virtual health interventions might catalyze a new era of

virtual therapy, affordable and accessible to a wider range of individuals—who otherwise cannot get

mental health treatments.

Future work will include analyzing the risk of bias and study quality, unpacking design decisions

that led to intervention effectiveness, and reviewing virtual humans in health-related assessments.

This line of inquiry can inform future design decisions for virtual health applications in healthcare

and also provide evidence for healthcare adoption.
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Table 2: Technology Characteristics

Delivery

Modality

Studies #

desktop GUI [4–6, 9, 11, 17] 6

touch-enabled

tablets

[1, 2, 18, 19] 4

web-based [3, 7] 2

smartphone [12] 1

virtual reality [10, 14] 2

3D desktop en-

vironment

[8] 1

Table 3: Nonverbal Behavior found in Se-

lected Studies (9 out of 19 studies)

Nonverbal Cues Studies #

hand gestures [2, 3, 18, 19] 4

gaze [2, 3] 2

facial expressions [3, 4, 9, 18, 19] 5

eye movements [6] 1

head movements [6, 19] 2

body movements [8, 10] 2

posture [19] 1

Study Limitations

• Fewer studies for wellness interventions

than clinical conditions met the inclu-

sion criteria, potentially biasing the ef-

fect size.

• Between-study heterogeneity was sub-

stantial, I2 = 75%, possibly because of

influencer cases like [1].
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