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Abstract

Background: The COVID-19 crisis and consequent confinement restrictions have caused significant psychosocial stress and
reports of sleep complaints, which require early management, have increased during recent months. To help individuals concerned
about their sleep, we developed a smartphone-based app called KANOPEE that allows users to interact with a virtual agent
dedicated to autonomous screening and delivering digital behavioral interventions.

Objective: Our objective was to assess the feasibility of this app, in terms of inclusion rate, follow-up rate, perceived trust and
acceptance of the virtual agent, and effects of the intervention program, in the context of COVID-19 confinement in France.

Methods: The virtual agent is an artificial intelligence program using decision tree architecture and interacting through natural
body motion and natural voice. A total of 2069 users aged 18 years and above downloaded the free app during the study period
(April 22 to May 5, 2020). These users first completed a screening interview based on the Insomnia Severity Index (ISI) conducted
by the virtual agent. If the users were positive for insomnia complaints (ISI score >14), they were eligible to join the 2-stage
intervention program: (1) complete an electronic sleep diary for 1 week and (2) follow personalized sleep recommendations for
10 days. We collected and analyzed the following measures: sociodemographic information, ISI scores and sleep/wake schedules,
and acceptance and trust of the agent.

Results: Approximately 76% (1574/2069) of the app users completed the screening interview with the virtual agent. The virtual
agent was well accepted by 27.4% (431/1574) of the users who answered the acceptance and trust questionnaires on its usability,
satisfaction, benevolence, and credibility. Of the 773 screened users who reported sleep complaints (ISI score >14), 166 (21.5%)
followed Step 1 of the intervention, and only 47 of those (28.3%) followed Step 2. Users who completed Step 1 found that their
insomnia complaints (baseline mean ISI score 18.56, mean ISI score after Step 1 15.99; P<.001) and nocturnal sleep quality
improved significantly after 1 week. Users who completed Step 2 also showed an improvement compared to the initial measures
(baseline mean ISI score 18.87, mean ISI score after Step 2 14.68; P<.001). Users that were most severely affected (ISI score
>21) did not respond to either intervention.

Conclusions: These preliminary results suggest that the KANOPEE app is a promising solution to screen populations for sleep
complaints and that it provides acceptable and practical behavioral advice for individuals reporting moderately severe insomnia.
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Introduction

The current COVID-19 crisis has led to massive public health
interventions, resulting in the confinement of almost the entire
human population worldwide [1]. However, recent studies
suggest that confinement may induce several negative
psychological effects, including post-traumatic stress symptoms,
anxiety, depression, anger, and insomnia [2,3]. Notably,
Voitsidis et al [4] showed that in a study comprising 2363 Greek
subjects, almost 38% of them reported insomnia complaints
during the confinement due to COVID-19, and these complaints
were associated with a higher rate of depression. The use of
tobacco and alcohol in association with depression and stress
symptoms has also increased during the COVID-19 pandemic
[5].

These findings confirm that the COVID-19 crisis has caused
major psychosocial stress and that prolonged confinement is
potentially an aggravating factor for sleep complaints and
insomnia. Therefore, given the large number of individuals
affected and the limited number of health care professionals
available during the crisis, there is a need for innovative
solutions to track and help individuals at risk of psychosocial
stress.

Digital technologies play a significant role in the context of the
ongoing pandemic and overwhelmed health care services. As
suggested by many researchers [6,7] and governmental
authorities [1], technologies such as social media, smartphone
apps, telehealth, and big data have great potential to disseminate
information as well as screen and remotely monitor the general
population, including patients with COVID-19. Several apps
have been deployed in recent times to assist with COVID-19
management (eg, STOP COVID in France [8]). However, only
a few apps and technologies specifically address psychosocial
stress induced by the COVID-19 crisis and confinement [9-11].
To our knowledge, no study has focused on insomnia
complaints, despite the evidence that digital behavioral therapies
are effective to treat insomnia [12-14].

Soon after confinement measures were effective in France on
March 17, 2020, we launched the first social media campaign
in affiliation with our hospital and university through major
national radios and newspapers. This campaign focused on the
risk of insomnia and the measures to evaluate and correct
inappropriate sleep hygiene practices among people during the
COVID-19 confinement. In addition to social media campaigns,
we developed a free smartphone app to help individuals with
sleep concerns in the context of the COVID-19 pandemic. 

Named KANOPEE, the program is based on our previous
research on embodied conversational agents (ECAs), also called
virtual agents, which may be defined as animated characters
that can engage in face-to-face dialogue through verbal and
nonverbal behaviors. We previously demonstrated that ECAs
can deliver a clinical interview to diagnose not only sleep
complaints but also addiction and depression in an autonomous,
reliable, valid, and acceptable way [15-19], by fostering empathy
and facilitating disclosure of negatively connoted topics. In
addition, based on the existing tools and knowledge on digital
therapies for insomnia [14], we developed a digital sleep diary
to automatically quantify the user’s daily sleep patterns and
sleep duration, and to establish personalized sleep interventions
guided by the data collected through the app. 

We hypothesized that a virtual agent made available via a
smartphone app would be efficient and acceptable not only in
providing autonomous screening for insomnia complaints but
also in establishing digital behavioral interventions to help the
population during the COVID-19 crisis. Therefore, to test our
hypothesis, we launched a proof-of-concept study during the
COVID-19 confinement.

 

Methods

Description and Implementation of KANOPEE
KANOPEE was implemented using the same architecture as
our previous ECAs [15-19], with C# programming language in
Unity 3D software (Unity Technologies). The virtual agent,
named Louise, interacts through natural voice and body motion,
as recorded by a professional artist by using motion capture
technologies (Optitrack suit for 3D animations of Louise’s body
and GoPro for 3D animations of Louise’s face and her voice).
The interaction scenario is predefined, using decision trees to
adapt to the user’s answers.

The app was made freely available on Google Play Store on
April 22, 2020 (see Figure 1). After its launch, we organized a
second media campaign presenting KANOPEE and showing
how the app could help the French population to self-evaluate
their sleep quality and provide practical solutions to manage
insomnia. We analyzed the number of active app users across
the confinement and deconfinement stages in France as well as
hospitalizations due to COVID-19 during this time (Figure 1,
[20])
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Figure 1. Conception and use of KANOPEE app. Chronological evolution of (A) the number of hospitalizations due to COVID-19 in France [20] and
(B) the number of active users after the launch of the app across the confinement and deconfinement stages in France (based on data sourced from the
Statistics page of the Google Play Store developer console for the app).

User Interaction
The interaction scenario comprises of the following steps: first,
during the screening interview (Interview 1), Louise introduces
herself and administers the Insomnia Severity Index (ISI) [21]
(see Figure 2, leftmost screen capture). Then, depending on the
score, users are either provided with simple sleep hygiene
recommendations (eg, follow usual wake up time, get exposed
to sunlight in the morning, sleep in a quiet and dark room) if
ISI score ≤14, or they are considered eligible to enter the
intervention program if ISI score >14 [22]. Initially, users enter
the “first step” of the intervention program, wherein they receive

instructions to complete a sleep diary for 1 week in order to
have a better understanding of their sleep patterns and to collect
data about sleep indicators. Every morning, after filling in their
sleep schedule, these users receive visual feedback on their sleep
(eg, time spent in bed, total sleep time, and sleep efficiency;
see Figure 2, middle screen capture). After completing the sleep
diary for 7 days, they receive a follow-up interview request with
Louise (Interview 2) wherein they learn about their sleep
indicators from the previous week. At this point, they receive
an ISI score for the second time. Next, the users can enter the
“second step,” during which they are provided with personalized
sleep recommendations for 10 days based on the sleep diary
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data and their answers on the ISI (see Figure 2, rightmost screen
capture). Details of the conditions for providing personalized
recommendations are listed in Textbox S1 (Multimedia
Appendix 1). Thereafter, they can access another follow-up

interview (Interview 3) and take the ISI a third time. Depending
on the third ISI score, users can continue to use the app
autonomously or, if their sleep complaints persisted (ie, ISI
score >21), be referred to a sleep specialist in our hospital.

Figure 2. Illustrative references of KANOPEE app interfaces. From left to right, screenshot of (1) virtual agent Louise conducting an interview based
on the Insomnia Severity Index, (2) sleep diary and visual feedbacks regarding user’s sleep patterns, and (3) a personalized sleep recommendation given
by Louise during Interview 3.

Throughout the process, all procedures and tools (ie,
questionnaires and sleep diary) are introduced by the virtual
agent in order to facilitate understanding among the users and
increase their engagement. A demo video of the user interaction
by Louise has been hosted on YouTube [23].

Sociodemographics and Clinical Characteristics of
Users
For the purpose of this study, users were selected for the analysis
if they met the following inclusion criteria: (1) aged 18 years
old and above and (2) had downloaded KANOPEE app before
May 5, 2020, such that they had access to the 1-week
intervention before the end of confinement period in France (ie,
May 11, 2020). Their use of the app was recorded from April
22 until May 26.

After getting approval by the University and Hospital scientific
committees, we obtained authorizations to be registered on the
University Hospital register for General Data Protection
Regulation (GDPR) approval by the French
authorities—Commission nationale de l'informatique et des
libertés (CNIL). Informed consent was obtained from all users
downloading the app according to the GDPR and CNIL
regulations.

Subgroups of users were then selected for more detailed analyses
(see Figure 3). Specifically, users who answered the screening
interview for sleep disorders were further examined to determine
their eligibility for the next step of daily sleep monitoring, and
users who reported insomnia complaints (ie, ISI score >14)
entered the intervention program and were included in the
analyses of outcomes and feasibility.
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Figure 3. Flowchart of users included in the different steps of analyses.

Measures

Clinical Measures 
The ISI [21] is a 7-item self-report questionnaire that provides
a global measure of perceived insomnia severity, with scores
ranging from 0 to 28 (0-7: no clinical insomnia, 8-14:
subthreshold insomnia, 15-21: insomnia of moderate severity,
and 22-28: severe insomnia). The ISI has been previously
validated and proven sensitive to changes in insomnia severity

with treatment [22]. The ISI was used as a screening tool for
assessing insomnia severity and as the primary outcome measure
of treatment efficacy after the intervention.

Users who had an ISI score >14 were asked to complete a daily
sleep diary in the app [24,25] throughout the intervention
program. The following dependent variables were derived from
users’ daily sleep diary entries: sleep onset latency (SOL, ie,
how many minutes it takes to fall asleep, starting from the
moment of intention to fall asleep), number of awakenings

J Med Internet Res 2020 | vol. 22 | iss. 12 | e24268 | p. 5http://www.jmir.org/2020/12/e24268/
(page number not for citation purposes)

Philip et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


(NWAK), terminal wakefulness (TWAK, ie, the amount of
awake time between the final wakefulness awakening and the
time of getting out of bed), wake after initial sleep onset
(WASO, ie, total amount of time awake during the night,
excluding SOL and TWAK), total time spent in bed (TIB, ie,
time starting from the moment of intention to fall asleep and
concluding with the final arising), total sleep time (TST, ie,
time actually spent sleeping) that was calculated from other
self-reported variables (TIB−SOL− WASO−TWAK), and sleep
efficiency (ie, percentage of time in bed spent asleep) that was
calculated from other self-reported variables (TST/TIB × 100). 

Addictive behaviors (ie, alcohol and cigarette consumption) of
users were evaluated through a clinical interview based on the
CAGE (Cut down, Annoyed, Guilty, and Eye-opener) [26] and
CDS-5 (Cigarette Dependence Scale, 5-item) questionnaires
[27].

Acceptance and Trust Questionnaires
After the interviews with the virtual agent, users could complete
2 assessments on the app. The first assessment was the French
version of the Acceptability E-scale (AES) [28,29] to measure
acceptance of the KANOPEE app based on 2 subscores:
usability (ie, the perceived ease of using the system or app) and
satisfaction (ie, the perceived enjoyment of the use and
usefulness of the system or app). The second assessment was
the ECA trust questionnaire (ETQ) [18] that measures a user’s
trust in a virtual agent based on 2 subdimensions: perceived
credibility (ie, perception that the agent has the ability and the
expertise to conduct a medical intervention) and benevolence
(ie, perception that the agent is well-intentioned and will
accurately take the user’s interests into account). Familiarity
with technologies was also evaluated by a single question: “Are
you familiar with computer technologies?” with the following
3 choices: “No,” “Moderately,” and “Yes,” which were scored
as 0, 1, and 2, respectively.

Statistical Analyses
Quantitative variables were expressed as means and SD, and
qualitative variables were expressed as percentages. To compare

2 groups of users (eg, subclinical insomnia vs with
moderate-to-severe insomnia), we performed 2-tailed Student
t tests for continuous variables (eg, age, CDS score, and
cigarettes smoked), and χ² tests for categorical variables (eg,
gender, educational level, health care professional, and users
adhering to the confinement). The data collected during the
program were described using mean and SD values, and
evolution of the measures over time was analyzed using repeated
t tests. Acceptance (ie, usability and satisfaction subscores of
the AES) and trust (ie, credibility and benevolence subscores
of the ETQ) data were expressed using distributions and
percentages. To investigate factors associated with acceptance
and trust, we conducted univariate analyses with Pearson
correlation analyses between 2 continuous variables (age,
insomnia severity, and familiarity with technologies) and
performed mean comparisons (t test or analysis of variance) to
analyze the variation in AES and ETQ scores regarding
categorical variables (gender and educational level). All analyses
were performed using SPSS software (version 26; IBM Corp). 

Results

Characteristics of App Users
A total of 2069 users aged ≥18 years downloaded KANOPEE
app and answered sociodemographic information (Table 1). Of
these, 76% (1574/2069) of the users answered the screening
interview for insomnia disorders. Most of these users were
between 31 and 50 years old (mean 43.52, SD 13.94) and had
a university degree. Furthermore, most users were in
confinement due to the COVID-19 lockdown, and 5.6%
(89/1574) were front-line health care professionals involved in
the fight against COVID-19. Approximately half of the users
(773/2069, 49.1%) who answered the screening interview for
sleep disorders obtained an ISI score over the clinical threshold
for insomnia (ie, ISI score >14). Compared to the users who
answered the screening interview for sleep, those who chose
not to were significantly older (P=.016) and predominantly male
users (P=.001). Other factors remained nonsignificant between
the 2 groups (see Table 1).
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Table 1. Characteristics of KANOPEE users depending on their use of the app.

P valueGroup comparisonValuesCharacteristics

Chi-square (df)t test (df)Did not answer screening in-
terview for sleep

(n=495)

Answered screening inter-
view for sleep

(n=1574)

.02N/Ab2.40 (2067) a44.83 (14.4)43.11 (13.8)Age, mean (SD)

Age in years , n (%)

99 (20)338 (21.5)18-30

220 (44.4)763 (48.5)31-50

131 (26.5)366 (23.3)51-65

45 (9.1)107 (6.8) >65

.00110.71 (1)N/AGender, n (%)

292 (59)1055 (67)Female

203 (41)519 (33)Male

.135.69 (2)N/AEducational level, n (%)

83 (16.8)318 (20.2)Middle school

118 (23.8)309 (19.6)High school

294 (59.4)947 (60.2)University degree

.990.00 (1)N/A28 (5.6)89 (5.6)Health care professionals, n (%)

.500.343 (1)N/A371 (74.9)1200 (76.2)Confined due to COVID-19 lockdown,
n (%)

aItalicized values indicate they are statistically significant.
bN/A: not applicable.

Users who answered the screening interview for sleep disorders
(n=1574) were divided into 2 subgroups based on their
performance on the ISI: scores ≤14 considered “with subclinical
insomnia” and scores >14 considered “with moderate-to-severe
insomnia” (Table 2).

Compared to users with subclinical insomnia, users with
moderate-to-severe insomnia were younger (t1576=−3.03;

P=.002), more educated (χ2
2=12.14; P=.007), and more likely

to be female (χ2
1=31.91; P<.001). Interestingly, more users in

confinement were found in the moderate-to-severe insomnia

group (χ2
1=8.86; P=.003), but we did not find evidence of a

higher prevalence of insomnia among health care professionals.
Users with moderate-to-severe insomnia smoked more cigarettes
(t734=−4.03; P<.001) and obtained a higher score on the
screening questionnaire for addiction to cigarettes (t734=3.41;
P=.001) than those in the other groups.
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Table 2. Characteristics of users depending on their sleep complaints.

P valueGroup comparisonValuesCharacteristics

Chi-square (df)t test (df)ISI score >14 (individuals
with moderate to severe in-
somnia, n=773)

ISIa score ≤14 (individuals
with subclinical insomnia,
n=801)

.002N/Ac−3.03 (1576)b42.0 (13.1)44.1 (14.3)Age, mean (SD)

Age in years, n (%)

172 (22.3)166 (20.7)18-30

391 (50.6)372 (46.3)31-50

172 (22.3)194 (24.2)51-65

38 (4.9)69 (8.7)>65

.00131.91 (1)N/AGender, n (%)

571 (73.9)484 (60.4)Female

202 (26.1)317 (39.6)Male

.00712.14 (2)N/AEducational level, n (%)

168 (21.7)150 (18.6)Middle school

170 (22.0)139 (17.5)High school

435 (56.2)512 (63.9)University degree

.0972.75 (1)N/A36 (4.7)53 (6.6)Health care professionals, n (%)

.0038.86 (1)N/A614 (79.4)586 (73.1)Confined due to COVID-19 lock-
down, n (%)

.001N/A52.12 (1572)18.2 (2.74)10.02 (3.42)Clinical insomnia, ISI score, mean
(SD)

Clinical insomnia subtype, n (%)

0 (0)180 (22.5)No clinically significant insom-
nia (ISI score ≤7)

0 (0)621 (77.5)Subthreshold (ISI score 8-14)

672 (86.9)0 (0)Moderate (ISI score 15-21)

101 (13.1)0 (0)Severe (ISI score ≥21)

.001N/A3.41 (734)6.45 (8.30)4.53 (6.93)CDS-5d, mean (SD)

.001N/A−4.03 (734)5.33 (8.68)3.09 (6.40)Daily number of cigarettes, mean
(SD)

.097N/A1.66 (734)0.78 (1.12)0.65 (0.97)CAGEe, mean (SD)

.11N/A−1.62 (734)1.66 (3.18)1.34 (2.09)Daily number of drinks, mean (SD)

aISI: Insomnia Severity Index.
bItalicized values indicate they are statistically significant.
cN/A: not applicable.
dCDS-5: Cigarette Dependence Scale-5 items.
eCAGE: Cut-down, Annoyed, Guilty, Eye-opener questionnaire.

Trust and Acceptance of Virtual Agents
In all, 431 of 1574 (27.4%) users answered the acceptance and
trust questionnaires (Figure 4). Acceptance of the overall system
(AES score) was rated very positively, with 61.7% (266/431)
of users being “very satisfied” with the usability of the system,
and 91.6% (395/431) of users rating the virtual agent more than

3 out of 5 for satisfaction. Regarding trust (ETQ score), Louise
was perceived as trustworthy to perform medical interviews.
Indeed, 94.6% (408/431) of users “somewhat agreed” or “totally
agreed” that she was benevolent, and 67.05% (289/431) of users
had a positive attitude towards her credibility (ie, rating of more
than 1 out of 3). 
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Figure 4. Distribution of usability, satisfaction, benevolence, and credibility perception of the virtual companion for sleep disorders (Louise). (A)
Percentage of users’ rating for usability dimension (AES subscore), (B) percentage of users’ rating for satisfaction dimension (AES subscore), (C)
percentage of users’ rating for benevolence dimension (ETQ subscore), and (D) percentage of users’ rating for credibility dimension (ETQ subscore).

We found a negative correlation between age and credibility
subscore on the ETQ (r=−.102; P=.034), suggesting that older
individuals found Louise less credible than the younger ones.
Age was not correlated with other dimensions of trust and
acceptance. Similarly, gender and educational level of the users
were not correlated with their attitude towards Louise. Regarding
insomnia severity, there was a positive relationship between
the severity and credibility of Louise (r=.125; P=.009),
indicating that users with more severe insomnia complaints
found her more credible. Lastly, we found significant
correlations between users’ familiarity with technologies and
their attitudes towards Louise: users more familiar with
technologies found her more usable (r=.109; P=.024), more
satisfactory (r=.128; P=.008), and more benevolent (r=.117;
P=.015).

Evolution of ISI Score and Nocturnal Sleep Indicators
During the Intervention Program
Among the 166 users who completed Step 1 of the intervention
(ie, fill a sleep diary for 1 week and answer the ISI for the

second time), the total ISI score (Figure 5) decreased compared
to the baseline (baseline mean ISI score 18.56, mean ISI score
after Step 1 15.99; t165=7.88; P<.001), with 36.7% (61/166) of
users obtaining an ISI score below a clinically significant level
(ie, ≤14) either corresponding to “no insomnia” (8/166, 4.8%)
or to “subthreshold insomnia” (53/166, 31.9%). For the 47 users
who completed Step 2 of the intervention, their ISI scores
continued to decrease but did not reach a significant threshold
(mean ISI score after Step 1 15.64, mean ISI score after Step 2
14.68; t46=1.42; P=.162). However, compared to the initial
measure, a significant decrease was observed (baseline mean
ISI score 18.87, mean ISI score after Step 2 14.68; t46=4.85;
P<.001). Moreover, the proportion of users reporting low
insomnia complaints increased, with a total of 48.9% (23/47)
of users below a clinically significant level. Of note, 14.9%
(7/47) of users still reported “severe insomnia” after Step 2, so
they were referred to a sleep specialist.
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Figure 5. Distribution of users depending on the severity of their insomnia complaints (based on ISI scores) along the intervention program: Step 1:
completed sleep diary; Step 2: followed personalized sleep recommendations. ISI: Insomnia Severity Index. Significance: *P<.05, **P<.001.

Regarding nocturnal sleep patterns, we computed the mean
scores of the first 2 nights filled in the sleep diary and the last
2 nights before receiving step 2 intervention in order to evaluate
the evolution of sleep indicators during completion of Step 1

of the intervention program among the 166 users who completed
the Step 1 (ie, filling in the sleep diary). Analyses of mean and
SD values (see Table 3) suggest a reduction in TIB, SOL, and
TWAK, and an increased sleep efficiency among this subgroup.

Table 3. Nocturnal sleep indicators of users completing Step 1 (n=166).

P valuet test (df)Value, mean (SD)Sleep indicator

Last 2 nights (6 & 7)First 2 nights (1 & 2)

.032.17 (165)a08:40:27 (01:29:27)08:56:45 (01:34:22)Time in bed, hh:mm:ss

.06−1.88 (165)06:21:30 (01:37:33)06:04:32 (01:56:47)Total sleep time, hh:mm:ss

.001−4.25 (165)73.82 (17.33)67.60 (20.25)Sleep efficiency, %

.0062.78 (165)00:58:37 (01:26.00)01:31:38 (02:39:11)Sleep onset latency, hh:mm:ss

.071.81 (165)1.67 (1.32)1.89 (1.57)Nocturnal awakenings, n

.211.27 (165)00:42:01 (00:52:58)00:48:57 (00:55:48)Wake after initial sleep onset, hh:mm:ss

.0013.31 (165)00:39:43 (0:39:57)00:58:11 (01:09:42)Terminal wakefulness, hh:mm:ss

aItalicized values indicate they are statistically significant.

To measure the effect of completing Step 2 on sleep indicators,
we computed the mean scores of the 7 nights before the users
received personalized sleep recommendations and compared it
to the mean scores of the 7 nights after they started Step 2. Mean

and SD analyses among the 47 users who completed Step 2
suggest that WASO, NWAK, and TWAK decreased after Step
2, whereas TIB, TST, and sleep efficiency increased (see Table
4).
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Table 4. Nocturnal sleep indicators of users completing Step 2 (n=47).

P valuet test (df)Value, mean (SD)Sleep indicator

7 nights after Step 27 nights before Step 2

.001−5.35 (46)08:37:45 (00:50:21)07:56:45 (01:18:51)Time in bed, hh:mm:ss

.047−2.02 (46)06:13:26 (01:30:16)06:00:05 (01:24:29)Total sleep time, hh:mm:ss

.002−3.18 (46)72.36 (16.76)68.47 (14.75)Sleep efficiency, %

.32−1.01 (46)01:08:50 (01:25:02)00:59:22 (00:53:41)Sleep onset latency, hh:mm:ss

.0015.24 (46)1.35 (0.97)1.77 (1.24)Nocturnal awakenings, n

.0013.57 (46)00:35:58 (00:32:57)00:55:26 (00:52:03)Wake after initial sleep onset, hh:mm:ss

.0033.04 (46)00:41:17 (00:32:22)00:51:59 (00:42:15)Terminal wakefulness, hh:mm:ss

Discussion

Principal Findings
Our results show, for the first time, the feasibility of using virtual
agents in the context of a major health crisis to monitor insomnia
symptoms and deliver assistance to the users through behavioral
interventions. eHealth is a very rapidly growing field, and
numerous solutions are particularly adapted to conditions such
as confinement where human contacts must be limited. Several
mobile apps use text-based chatbots for medical interviews, but
the use of virtual agents (interacting through natural body motion
and natural voice) is still sparse. We believe that these new
empathic human-machine interfaces can reinforce acceptance
of eHealth solutions.

More than 2000 people downloaded the KANOPEE app over
the 11-day study period, with no technical errors reported by
Google Play Store, indicating a higher inclusion rate than that
reported in a previous study proposing digital cognitive
behavioral therapy for insomnia [30]. This confirms the potential
of digital technologies to provide access to clinical screening
and behavioral intervention for insomnia for the general
population [31]. Out of the 2069 users who downloaded
KANOPEE, 1574 (76%) used it to self-evaluate their sleep. We
noted that users who decided not to answer the screening
interview for sleep were older and more likely to be male. This
result might reflect more specific target populations such as
young women—a group that is well known to report high levels
of sleep complaints [32]. While the stress related to the
COVID-19 confinement could explain why we obtained such
a high app download rate, another potential explanation is the
visual appeal of virtual agents to engage in digital interactions.
Even individuals without significant sleep complaints (about
50% of the study sample) used our app and were interested in
completing a sleep evaluation; this finding strongly indicates
the need to develop apps for normal sleepers who want to
improve their sleep hygiene and should be interpreted as a
positive indicator for future sleep health campaigns. 

Acceptance of the virtual agent was a major challenge in this
specific context, and we obtained very good results, similar to
those reported previously with outpatients in a hospital [18].
Usability and benevolence were very well ranked by the app
users, which confirms the empathic dimension of our virtual
agents, even on smaller devices like smartphones. This is also
a positive message to reinforce the use of virtual agents in

eHealth technologies, which is a growing field of interest for
medicine.

In the intervention program, 21.5% of the users reporting
significant sleep complaints (ie, ISI score >14) completed a
daily sleep diary for more than 7 days and consented to
participate in Interview 2 (ie, they completed Step 1), and 28.3%
of users followed behavioral interventions and completed the
sleep diary for 10 more days. Interestingly, subjects completing
Step 1 significantly improved their sleep over a brief period of
time (ie, 7 days). We hypothesize that filling in the sleep diary
and receiving daily feedback on their sleep efficiency score
helped users to adjust their sleep schedule autonomously.
Another possible explanation is that their insomnia symptoms
decreased naturally over time, even though a reduction of time
in bed for about half an hour suggests an active change. These
findings are very encouraging for the use of electronic sleep
diaries to promote sleep hygiene practices, a form of
low-intensity sleep health intervention that could be beneficial
at the more global population level. Users who completed their
personalized intervention reported an improvement in nocturnal
sleep, with a reduction of nocturnal awakenings and insomnia
complaints, which suggests Step 2 was beneficial for a subgroup
of individuals with more significant sleep complaints.
Altogether, with completion rates of 76% for the initial
evaluation and 28.3% for the personalized interventions in a
selected population, we believe that our results open interesting
perspectives for populational interventions and mirror the
proposal of Berry et al [33] to set up trials in which large-scale
interventions are offered simultaneously to different subgroups
of patients. 

Study Limitations
Nevertheless, this study has a few limitations. First, the very
peculiar period of recruitment, during the COVID-19
confinement, makes our results preliminary. Future work needs
to confirm, in a more “normal period of time,” the fact that
KANOPEE can help individuals improve their insomnia
complaints and sleep hygiene. Second, the drop-out rate was
quite high. We were unable to determine why users did not
follow the program until the end, and further study is therefore
needed for a precise examination of usage (eg, frequency of use
and errors made) and qualitative interviews with app users to
unveil the reasons why they decided to drop out of KANOPEE.
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Another limitation of our study is related to the fact that we did
not note an improvement among the most severe users, which
shows the limitations of nonhuman interventions. Because we
did not explore all the possible comorbidities, we might have
proposed to some users a solution that may be unsuitable to
their health problems. Future studies could use detailed
interviews that could help precisely select the ideal population
to receive the interventions and refer the other users directly to
sleep centers.

Conclusions
Considering the above limitations, we believe that KANOPEE
is a new promising tool in the field of eHhealth that could limit
the number of individuals asking for consultations by general
practitioners for moderate sleep complaints. Indeed, we believe
this app can help in both ways: identifying individuals with
insomnia complaints and providing brief and practical behavioral
interventions. Further research is needed to test this app apart
from the COVID-19 confinement period and on more
specifically selected users.

Acknowledgments
We thank Yannick Levavasseur and Emeric Labbé for developing the app. This project was supported by the grants LABEX
BRAIN (ANR-10-LABX-43), EQUIPEX PHENOVIRT (ANR-10-EQPX-12-01), and funding from the Region Nouvelle-Aquitaine
(IS-OSA project, Contract No.: 18000389).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Personalized sleep recommendations and conditions.
[DOC File , 32 KB-Multimedia Appendix 1]

References

1. World Health Organization. Responding to community spread of COVID-19: interim guidance. World Health Organization.
2020 Mar 07. URL: https://apps.who.int/iris/handle/10665/331421

2. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological impact of quarantine
and how to reduce it: rapid review of the evidence. Lancet 2020 Mar 14;395(10227):912-920 [FREE Full text] [doi:
10.1016/S0140-6736(20)30460-8] [Medline: 32112714]

3. Morin CM, Carrier J. The acute effects of the COVID-19 pandemic on insomnia and psychological symptoms. Sleep Med
2020 Jun 06:30261-30266 [FREE Full text] [doi: 10.1016/j.sleep.2020.06.005] [Medline: 32595107]

4. Voitsidis P, Gliatas I, Bairachtari V, Papadopoulou K, Papageorgiou G, Parlapani E, et al. Insomnia during the COVID-19
pandemic in a Greek population. Psychiatry Res 2020 May 12;289:113076. [doi: 10.1016/j.psychres.2020.113076] [Medline:
33242799]

5. Stanton R, To QG, Khalesi S, Williams SL, Alley SJ, Thwaite TL, et al. Depression, anxiety and stress during COVID-19:
associations with changes in physical activity, sleep, tobacco and alcohol use in Australian adults. Int J Environ Res Public
Health 2020 Jun 07;17(11):4065 [FREE Full text] [doi: 10.3390/ijerph17114065] [Medline: 32517294]

6. Fagherazzi G, Goetzinger C, Rashid M, Aguayo G, Huiart L. Digital health strategies to fight COVID-19 worldwide:
challenges, recommendations, and a call for papers. J Med Internet Res 2020 Jun 16;22(6):e19284 [FREE Full text] [doi:
10.2196/19284] [Medline: 32501804]

7. Inkster B, O'Brien R, Selby E, Joshi S, Subramanian V, Kadaba M, et al. Digital health management during and beyond
the COVID-19 pandemic: opportunities, barriers, and recommendations. JMIR Ment Health 2020 Jul 06;7(7):e19246 [FREE
Full text] [doi: 10.2196/19246] [Medline: 32484783]

8. Sarbadhikari S, Sarbadhikari SN. The global experience of digital health interventions in COVID-19 management. Indian
J Public Health 2020;64(6):117-124. [doi: 10.4103/ijph.ijph_457_20]

9. Geoffroy PA, Le Goanvic V, Sabbagh O, Richoux C, Weinstein A, Dufayet G, et al. Psychological support system for
hospital workers during the Covid-19 Outbreak: rapid design and implementation of the Covid-Psy hotline. Front Psychiatry
2020 May 28;11:511. [doi: 10.3389/fpsyt.2020.00511] [Medline: 32670100]

10. Taylor CB, Fitzsimmons-Craft EE, Graham AK. Digital technology can revolutionize mental health services delivery: The
COVID-19 crisis as a catalyst for change. Int J Eat Disord 2020 Jul;53(7):1155-1157 [FREE Full text] [doi:
10.1002/eat.23300] [Medline: 32449523]

11. Your Safe Space In This Difficult Time. WYSA. 2020. URL: https://www.wysa.io/ [accessed 2020-12-07]
12. Ritterband LM, Thorndike FP, Gonder-Frederick LA, Magee JC, Bailey ET, Saylor DK, et al. Efficacy of an internet-based

behavioral intervention for adults with insomnia. Arch Gen Psychiatry 2009 Jul;66(7):692-698 [FREE Full text] [doi:
10.1001/archgenpsychiatry.2009.66] [Medline: 19581560]

J Med Internet Res 2020 | vol. 22 | iss. 12 | e24268 | p. 12http://www.jmir.org/2020/12/e24268/
(page number not for citation purposes)

Philip et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v22i12e24268_app1.doc&filename=4d19059768a101ad25e2ca473321f81a.doc
https://jmir.org/api/download?alt_name=jmir_v22i12e24268_app1.doc&filename=4d19059768a101ad25e2ca473321f81a.doc
https://apps.who.int/iris/handle/10665/331421
http://europepmc.org/abstract/MED/32112714
http://dx.doi.org/10.1016/S0140-6736(20)30460-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32112714&dopt=Abstract
http://europepmc.org/abstract/MED/32595107
http://dx.doi.org/10.1016/j.sleep.2020.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32595107&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2020.113076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33242799&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17114065
http://dx.doi.org/10.3390/ijerph17114065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32517294&dopt=Abstract
https://www.jmir.org/2020/6/e19284/
http://dx.doi.org/10.2196/19284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501804&dopt=Abstract
https://mental.jmir.org/2020/7/e19246/
https://mental.jmir.org/2020/7/e19246/
http://dx.doi.org/10.2196/19246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32484783&dopt=Abstract
http://dx.doi.org/10.4103/ijph.ijph_457_20
http://dx.doi.org/10.3389/fpsyt.2020.00511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32670100&dopt=Abstract
http://europepmc.org/abstract/MED/32449523
http://dx.doi.org/10.1002/eat.23300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32449523&dopt=Abstract
https://www.wysa.io/
http://europepmc.org/abstract/MED/19581560
http://dx.doi.org/10.1001/archgenpsychiatry.2009.66
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19581560&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


13. Espie C, Kyle S, Williams C, Ong J, Douglas N, Hames P, et al. A randomized, placebo-controlled trial of online cognitive
behavioral therapy for chronic insomnia disorder delivered via an automated media-rich web application. Sleep 2012 Jun
01;35(6):769-781 [FREE Full text] [doi: 10.5665/sleep.1872] [Medline: 22654196]

14. Zachariae R, Lyby MS, Ritterband LM, O'Toole MS. Efficacy of internet-delivered cognitive-behavioral therapy for
insomnia - A systematic review and meta-analysis of randomized controlled trials. Sleep Med Rev 2016 Dec;30:1-10. [doi:
10.1016/j.smrv.2015.10.004] [Medline: 26615572]

15. Philip P, Bioulac S, Sauteraud A, Chaufton C, Olive J. Could a virtual human be used to explore excessive daytime sleepiness
in patients? Presence: Teleoperators and Virtual Environments 2014 Nov 01;23(4):369-376. [doi: 10.1162/pres_a_00197]

16. Philip P, Micoulaud-Franchi JA, Sagaspe P, de Sevin E, Olive J, Bioulac S, et al. Virtual human as a new diagnostic tool,
a proof of concept study in the field of major depressive disorders. Sci Rep 2017 Feb 16;7:42656 [FREE Full text] [doi:
10.1038/srep42656] [Medline: 28205601]

17. Auriacombe M, Moriceau S, Serre F, Denis C, Micoulaud-Franchi J, de Sevin E, et al. Development and validation of a
virtual agent to screen tobacco and alcohol use disorders. Drug Alcohol Depend 2018 Dec 01;193:1-6. [doi:
10.1016/j.drugalcdep.2018.08.025] [Medline: 30321739]

18. Philip P, Dupuy L, Auriacombe M, Serre F, de Sevin E, Sauteraud A, et al. Trust and acceptance of a virtual psychiatric
interview between embodied conversational agents and outpatients. NPJ Digit Med 2020 Jan 07;3:2 [FREE Full text] [doi:
10.1038/s41746-019-0213-y] [Medline: 31934646]

19. Dupuy L, Micoulaud-Franchi JA, Philip P. Acceptance of virtual agents in a homecare context: Evaluation of excessive
daytime sleepiness in apneic patients during interventions by continuous positive airway pressure (CPAP) providers. J
Sleep Res 2020 Jun 18:e13094. [doi: 10.1111/jsr.13094] [Medline: 32557996]

20. Santé Publique France - Observatoire Géodes. URL: https://geodes.santepubliquefrance.fr/
#bbox=-1366851,6775601,3198114,1847697&c=indicator&f=0&i=covid_hospit.hosp&s=2020-03-18&t=a01&view=map2
[accessed 2020-12-09]

21. Bastien C, Vallières A, Morin C. Validation of the Insomnia Severity Index as an outcome measure for insomnia research.
Sleep Medicine 2001;2(4):297-307 [FREE Full text] [doi: 10.1016/s1389-9457(00)00065-4] [Medline: 11438246]

22. Morin CM, Belleville G, Bélanger L, Ivers H. The Insomnia Severity Index: psychometric indicators to detect insomnia
cases and evaluate treatment response. Sleep 2011 May 01;34(5):601-608 [FREE Full text] [doi: 10.1093/sleep/34.5.601]
[Medline: 21532953]

23. Kanopee project - SANPSY Lab. YouTube. 2020 Jun 25. URL: https://www.youtube.com/
watch?v=y3QfgNvQfr0&feature=youtu.be [accessed 2020-12-07]

24. Morin C. Insomnia: Psychological assessment and management. In: APA PsycInfo. New York, US: Guilford Press; 1993.
25. Buysse D, Ancoli-Israel S, Edinger J, Lichstein K, Morin CM. Recommendations for a standard research assessment of

insomnia. Sleep 2006 Sep;29(9):1155-1173. [doi: 10.1093/sleep/29.9.1155] [Medline: 17040003]
26. Ewing JA. Detecting Alcoholism: the CAGE Questionnaire. JAMA 1984 Oct 12;252(14):1905. [doi:

10.1001/jama.1984.03350140051025]
27. Etter J, Le Houezec J, Perneger TV. A self-administered questionnaire to measure dependence on cigarettes: the cigarette

dependence scale. Neuropsychopharmacology 2003 Feb;28(2):359-370. [doi: 10.1038/sj.npp.1300030] [Medline: 12589389]
28. Micoulaud-Franchi JA, Sauteraud A, Olive J, Sagaspe P, Bioulac S, Philip P. Validation of the French version of the

Acceptability E-scale (AES) for mental E-health systems. Psychiatry Res 2016 Mar 30;237:196-200. [doi:
10.1016/j.psychres.2016.01.043] [Medline: 26809367]

29. Tariman JD, Berry DL, Halpenny B, Wolpin S, Schepp K. Validation and testing of the Acceptability E-scale for web-based
patient-reported outcomes in cancer care. Appl Nurs Res 2011 Feb;24(1):53-58 [FREE Full text] [doi:
10.1016/j.apnr.2009.04.003] [Medline: 20974066]

30. Espie CA, Emsley R, Kyle SD, Gordon C, Drake CL, Siriwardena AN, et al. Effect of digital cognitive behavioral therapy
for insomnia on health, psychological well-being, and sleep-related quality of life: a randomized clinical trial. JAMA
Psychiatry 2019 Jan 01;76(1):21-30 [FREE Full text] [doi: 10.1001/jamapsychiatry.2018.2745] [Medline: 30264137]

31. Insel TR. Digital phenotyping: technology for a new science of behavior. JAMA 2017 Oct 03;318(13):1215-1216. [doi:
10.1001/jama.2017.11295] [Medline: 28973224]

32. Zhang B, Wing YK. Sex differences in insomnia: a meta-analysis. Sleep 2006 Jan;29(1):85-93. [doi: 10.1093/sleep/29.1.85]
[Medline: 16453985]

33. Berry SM, Connor JT, Lewis RJ. The platform trial: an efficient strategy for evaluating multiple treatments. JAMA 2015
Apr 28;313(16):1619-1620. [doi: 10.1001/jama.2015.2316] [Medline: 25799162]

Abbreviations
AES: Acceptability of e-health scale
CAGE: Cut-down, annoyed, guilty, eye-opener questionnaire
CDS-5: Cigarette Dependence Scale (5-item) questionnaire
CNIL: Commission nationale de l'informatique et des libertés

J Med Internet Res 2020 | vol. 22 | iss. 12 | e24268 | p. 13http://www.jmir.org/2020/12/e24268/
(page number not for citation purposes)

Philip et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22654196
http://dx.doi.org/10.5665/sleep.1872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22654196&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2015.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26615572&dopt=Abstract
http://dx.doi.org/10.1162/pres_a_00197
https://doi.org/10.1038/srep42656
http://dx.doi.org/10.1038/srep42656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28205601&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2018.08.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30321739&dopt=Abstract
https://doi.org/10.1038/s41746-019-0213-y
http://dx.doi.org/10.1038/s41746-019-0213-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31934646&dopt=Abstract
http://dx.doi.org/10.1111/jsr.13094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32557996&dopt=Abstract
https://geodes.santepubliquefrance.fr/#bbox=-1366851,6775601,3198114,1847697&c=indicator&f=0&i=covid_hospit.hosp&s=2020-03-18&t=a01&view=map2
https://geodes.santepubliquefrance.fr/#bbox=-1366851,6775601,3198114,1847697&c=indicator&f=0&i=covid_hospit.hosp&s=2020-03-18&t=a01&view=map2
http://www.sciencedirect.com/science/article/pii/S1389945700000654
http://dx.doi.org/10.1016/s1389-9457(00)00065-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11438246&dopt=Abstract
http://europepmc.org/abstract/MED/21532953
http://dx.doi.org/10.1093/sleep/34.5.601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21532953&dopt=Abstract
https://www.youtube.com/watch?v=y3QfgNvQfr0&feature=youtu.be
https://www.youtube.com/watch?v=y3QfgNvQfr0&feature=youtu.be
http://dx.doi.org/10.1093/sleep/29.9.1155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17040003&dopt=Abstract
http://dx.doi.org/10.1001/jama.1984.03350140051025
http://dx.doi.org/10.1038/sj.npp.1300030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12589389&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2016.01.043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26809367&dopt=Abstract
http://europepmc.org/abstract/MED/20974066
http://dx.doi.org/10.1016/j.apnr.2009.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20974066&dopt=Abstract
http://europepmc.org/abstract/MED/30264137
http://dx.doi.org/10.1001/jamapsychiatry.2018.2745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264137&dopt=Abstract
http://dx.doi.org/10.1001/jama.2017.11295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28973224&dopt=Abstract
http://dx.doi.org/10.1093/sleep/29.1.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16453985&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.2316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25799162&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


ECAs: embodied conversational agents
ETQ: ECA trust questionnaire
GDPR: General Data Protection Regulation
ISI: insomnia severity index
NWAK: number of awakenings
SOL: sleep onset latency
TIB: time spent in bed
TST: total sleep time
TWAK: terminal wakefulness
WASO: wake after initial sleep onset
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