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Appendix A2 

A2.1 PICOTS information from the 26 studies included in the meta-analysis 

Table A2.1. PICOTS information from the 26 studies (16 articles) included in the meta-analysis. 

Study Patient population Intervention Comparator Outcome Timing Setting 

[1] 

women (age ≥ 55 
years) with 
symptoms of 
overactive bladder 
(OAB) for at least 3 
months 

self-management 
program using virtual 
humans 
(n = 22) 

self-management 
program with voice only  
(n = 19) 

1self-reported OAB 
health-related quality of 
life (OAB HRQOL, [2]) 

12-week with 
interventions 
at weeks 1, 
6, and 12; 
duration of 
intervention: 
15 – 45 mins 
 

outpatient; 
independent 

2patient perception of 
bladder control (PPBC, 
[3]) 
2geriatric self-efficacy 
index for urinary 
incontinence (GSEI-UI, 
[4]) 
2self-reported 
confidence in doing 
pelvic floor muscle 
exercises (PFMEs) 
2self-reported ability to 
suppress urge 
2urinary frequency/ 24 h 
2urinary urgency / 24 h 
2urge incontinence/ 24 h  
2night-time urination/ 
day 

[5] healthy adults (age ≥ 
18 years); 45% with 

consent document 
explained by a human  

one-time 
intervention; 
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Study Patient population Intervention Comparator Outcome Timing Setting 
inadequate health 
literacy 

consent document 
explained by a virtual 
human (n = 9) 

(n = 9) 1level of comprehension 
of the consent document 
based on BICEP [6] 

duration of 
intervention: 
open-ended 

at home or 
research 
laboratory 

consent document read 
by self (n = 11) 
human 2likelihood to sign the 

consent document self  
human 2overall satisfaction with 

the consent process self  
human 2perceived pressure to 

sign the consent 
document 

self  

self 2number of questions or 
clarifications requested 

[7] 

healthy adults (age ≥ 
18 years); all 
participants were 
provided with 
pedometers 

virtual human 
promoting physical 
activity (n = 30) 

no virtual human 
(n = 27) 

1pedometer steps 
2-month 
intervention 
daily; 
duration of 
intervention: 
open-ended 

at home; 
independent 
 

virtual human 
promoting fruit and 
vegetable consumption 
(n = 27) 
virtual human 
promoting physical 
activity and fruit and 
vegetable consumption 
(n = 27) 
activity 1NIH/NCI Fruit and 

vegetable scan (FVS; 
[8]) 

consumption 
activity + consumption 
activity 2BMI 
consumption 
activity + consumption 
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Study Patient population Intervention Comparator Outcome Timing Setting 

[9] 

healthy older adults 
(age ≥ 65); all 
participants were 
provided with 
pedometers 

virtual human 
promoting physical 
activity (n = 100) 

no virtual human  
(n = 100) 

1average daily steps for 
30 days before the end 
of intervention 

12 months 

at home 
using 
personal 
tablet 
computers 
for first 2 
months, 
then using a 
kiosk 
computer 
during 
outpatient 
visits 

virtual human 
promoting physical 
activity (n = 73) 

no virtual human  
(n = 55) 

2average steps per day 
for 30 days before the 
end of 2 months 

[10] 

adults (age ≥ 18 
years); 98% with a 
current cancer 
diagnosis 

search engine using a 
virtual human (n = 42) 

conventional facet- and 
keyword-based search 
(n = 45) 

1find a correct clinical 
trial 

one-time 
intervention 
lasting about 
8 to 12 
minutes 

at home or 
research 
laboratory 

[11] adults with 
depression Help4Mood (n = 12) 

in-person treatment with 
therapist 
(n = 9) 

1BDI-2 [12]  

four weeks 

at home 
with a 
laptop 
computer 
provided by 
the 
researchers 

1QIDS-SR [13] 
1DAS-SF2 [14]  
1EQ-5D-5L VAS [15] 

1EQ-5D-5L Utility [15] 

[16] 

primipara, pregnant 
women in the third 
trimester with one 
fetus (age ≥ 18) 

virtual human (n = 7) no virtual human  
(n = 8) 

1attitudes toward 
breastfeeding (IIFAS; 
[17]) 

one-time 
intervention 

at prenatal 
outpatient 
office visit 

virtual human (n = 6) no virtual human  
(n = 7) 

duration of 
hospital stay 
post 
childbirth 

at hospital 
discharge 
after 
childbirth 
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Study Patient population Intervention Comparator Outcome Timing Setting 

[18] 

healthy adults (age ≥ 
18) 

motivational 
interviewing with virtual 
human  
(n = 162) 

motivational interviewing 
with text only (n = 146) 

1number of weekly days 
with at least 30 minutes 
of moderate physical 
activity [19] 

one-time 
intervention; 
assessment 
at one-month 
post 
intervention 

 

[20] 

older adults (age ≥ 
55) not currently 
engaged in 
moderate-intensity or 
moderate activity 

virtual human (n = 20) no virtual human  
(n = 19) 

1change in walking 
behavior, weekly 
amount of walking over 
the 4 weeks before the 
end of intervention in 
minutes per week 

4 months at a senior 
center  

[21] 

US Military service 
members (active 
duty) 

virtual human 
interviewer (n = 24) 

post-deployment health 
assessment  
(PDHA; n = 24) 

1number of PTSD 
symptoms reported 

one-time 
intervention at study site anonymized PDHA  

(n = 24) 
US Military service 
members (active duty 
and veterans) 

virtual human 
interviewer (n = 126) 

anonymized PDHA  
(n = 126) 

[22] healthy adults (age ≥ 
18) 

virtual human with 
indexed stories  
(n = 35) 

text only interface with 
indexed stories  
(n = 26) 

1weight-loss self-efficacy 
[23]  

one-time 
intervention; 
duration of 
intervention: 
open-ended 

online via 
Amazon’s 
Mechanical 
Turk 

1weight-loss decisional 
balance [24] 

virtual human with 
random stories (n = 19) 

text only interface with 
random stories  
(n = 23) 

1weight-loss self-efficacy 
[23] 

1weight-loss decisional 
balance [24]  

[25] virtual humans showing 
emotions (n = 20) 

static images showing 
emotions  

1successful emotion 
recognition—anger  

one-time 
intervention 
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Study Patient population Intervention Comparator Outcome Timing Setting 
adults with 
schizophrenia (age ≥ 
18) 

(n = 20) 1successful emotion 
recognition—happiness 

at a 
research 
laboratory 1successful emotion 

recognition—sadness 

1successful emotion 
recognition—fear 

1successful emotion 
recognition—surprise 

[26] 

adults with 
schizophrenia (age ≥ 
18) 

social skills training 
with virtual human (n = 
33) 

social skills training with 
no virtual human  
(n = 31) 

1SBS (overall skill; [27] 10 
semiweekly 
sessions for 
five weeks 

with 
therapists at 
an 
outpatient 
visit 

1Vocal skill 
1Nonverbal skill 
1Conversational skill 
2Rathus Assertiveness 
Schedule [28] 
2Relationship Change 
Scale [29] 
2Social Problem Solving 
Inventory-R [30] 

[31] 
male adults with type 
2 diabetes mellitus 
(age ≥ 18) 

virtual human based 
instruction (n = 30) 

text-based 
(n = 30) 

1medication knowledge 
recall 

one-time 
intervention; 
assessment 
two weeks 
after the 
intervention 

at a 
research 
laboratory 

voice based 
(n = 30) 
static image  
(n = 30) 

[32] healthy adults (age ≥ 
18 years) 

virtual human 
promoting physical 
exercise (n = 9) 

no virtual human; text-
only interface 
(n = 13) 

1self-reported attitude 
toward exercise 

one-time 
intervention; 
duration of 

at a 
research 
laboratory 
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Study Patient population Intervention Comparator Outcome Timing Setting 
no virtual human; text-
only interface with social 
dialog (n = 12) 

intervention: 
open-ended 

virtual human 
promoting physical 
exercise with social 
dialog (n = 13) 

text-only 
text-only + social 

[33] 
adults suffering from 
chronic pain and 
depression 

group medical visits 
and virtual human (n = 
75) 

group medical visits  
(n = 79) 

1self-reported stress 
management behaviors 
at 9 weeks 

9 weeks of 
group 
medical visits 
and 21 
weeks of 
virtual human 
based 
intervention 

tablet 
computer 
provided to 
the 
intervention 
group 

1self-reported stress 
management behaviors 
at 21 weeks 

1primary outcomes, 2secondary outcomes; only health-oriented outcomes were considered for the meta-analysis
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A2.2 Meta-analysis of data from 26 studies (66 outcomes) 
A three-level model did not capture a significant amount of variability in the data (P > .05). Thus, 
a two-level model was used to pool the effect sizes of 66 outcomes (44 primary and 22 
secondary). The between-study heterogeneity of the data was moderate, 𝜏2 = .15, I2 = 49.2%. 
Subgroup analyses for health-related outcomes [1,7,9,11,18,20,21,25,26,31,33] and health-
related attitudes were conducted [5,10,16,22,32]. A significant difference was found in the overall 
effect between the outcome types, P = .030. 

Meta-analysis of data from 26 studies (66 outcomes) revealed a significant difference between 
intervention and control conditions favoring the virtual human intervention, SMD = .134, 95% CI 
= .023, .245, 95% prediction interval = −.651, .918, P = .019, but with evidence of some 
heterogeneity, I2 = 49.2%, 95% CI = 32.4, 61.8 (Figure A2.2). 

A subgroup analysis of the 9 studies (20 outcomes) on health-related attitudes also revealed a 
significant difference between intervention and control conditions favoring the virtual human 
intervention, SMD = .360, 95% CI = .103, .616, 95% prediction interval = −.619, 1.338, P = .008, 
but with evidence of some heterogeneity, I2 = 36.5%, 95% CI = 0, 62.9. 

However, a subgroup analysis of the 17 studies (46 outcomes) on health outcomes did not find a 
significant difference between intervention and control conditions, P = .269. 

 

 

 

 

 

 

 

 

 

 

 

Figure A2.2. Forest plot of the meta-analysis of health-related virtual human 
interventions from 26 studies: 44 primary (blue) and 22 secondary outcomes (grey). 
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