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Editorial on the Research Topic

Designing and evaluating digital health interventions

Background

The World Health Organization (1) defines digital health as “the systematic application

of information and communications technologies, computer science, and data to support

informed decision-making by individuals, the health workforce, and health systems, to

strengthen resilience to disease and improve health and wellness”. Although the COVID-

19 pandemic accelerated development of DHIs internationally, there remains a divide

between high-income countries showing a wealth of personalized and immersive health

platforms while initiatives across low-and-middle income countries (LMICs) are still

limited given their priority on mobile technologies and wireless connectivity due to

limited infrastructure, resources and focus on basic healthcare needs (2). Hence, the

academic literature is often split between examining effectiveness of these interventions

in high-income countries vs. LMICs. Additionally, there is consensus that there is

disparity in DHI access across groups such as women, migrants and older people (3).

Despite a greater focus on women’s health (e.g., perinatal mental health) and gender-

specific DHIs, their healthcare is hindered due to unequal access and usage (4, 5). The

Medical Research Council Framework for Complex Interventions stresses that well-

designed interventions should consider theoretical frameworks of behaviour change,

human-centred design through patient/public involvement and engagement (PPIE) as

well as co-design, usability, feasibility and robust evaluation through trials to prove

effectiveness in improving people’s health (6). In response to these global disparities

and methodological challenges, the current Research Topic aims to advance the field by

showcasing rigorous and inclusive approaches to the design and evaluation of DHIs.

Aims and objectives

The aim of the current Research Topic was to establish a collection of high-quality

diverse manuscripts representing the dynamic academic field of DHIs. Scientific
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evidence on DHIs is continuously evolving due to its importance

and relevance while there often is a lack of funding,

methodological guidance and inclusivity of the digital healthcare

landscape. With two systematic reviews, eight original articles,

two brief research reports, one study protocol, and one

curriculum, instruction and pedagogy article the current

collection gives an up-to-date, multidisciplinary and widespread

contribution to the field of DHIs, specifically in the area of

intervention design and evaluation.

The current research topic

Synthesizing the results of 30 RCTs, small to moderate effects

of DHIs on mental health were demonstrated by Morello et al.

However, due to the complexity of interventions it was not clear

what the effective ingredients (e.g., enhancing cognitive

reappraisal) of the interventions were. To promote better

reporting of complex interventions and to support identification

of working mechanisms it is recommended that interventions are

described using the TIDieR checklist (7). Furthermore, to design

a theoretically sound and effective DHI it is important to

incorporate behaviour change strategies (e.g., self-monitoring).

The brief research report from Ghantasala et al. explores tailored

motivation messages as a strategy to increase engagement and

physical activity. The report indicates that personalized messages

adjusted to mood, self-efficacy and progress are perceived as

more motivating compared to generic messages. Lakha et al. used

a case study to demonstrate how a digital scrapbook format can

be a feasible and accessible format for patients with chronic pain

and illness. Increasing engagement across DHIs is important, as

dropouts can be high [up to 82% (8)]. Gamified approaches are

used as an engaging way to increase knowledge and health

outcomes. In the case of the pilot study reported by Seaver et al.

a game-based learning approach was used to educate people

about sleep hygiene and improve outcomes such as sleep

quality and anxiety. The digital therapeutics mobile app from

Jeong et al. demonstrated a gamified approach to facilitate breath

control. This included machine learning and biofeedback

visualization to improve engagement.

Given research funding is often limited it is important to

examine cost-effective ways to design and evaluate DHIs in a

research context and potentially collaborate with industry

initiatives. Instead of developing DHIs from scratch there are

opportunities to repurpose existing interventions to improve

health outcomes (9). The study from Chen et al. examined a

mobile health intervention called MyTrack + - paired with

existing commercials apps and weight scales—to support

FIGURE 1

Relevant research domains in digital health intervention development and evaluation.
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long-term weight loss maintenance. Small usability and pilot studies

were performed to iteratively incorporate end-user feedback while

keeping R&D processes efficient. For DHI design, it is important

to follow established frameworks like MRC or co-design

frameworks such as the three Co’s framework (10, 11) to ensure

the intervention fits with end-user needs. The study of Hamaguchi

et al. focuses on a novel smartphone app to support patients with

mild cognitive impairment and dementia. Although initial positive

results were found in terms of engagement, further multi-centre

randomized controlled trials are recommended to evidence

improvement of other health outcomes (e.g., cognition). The study

protocol developed by Castelnuovo et al. describes a clinical RCT

to demonstrate efficacy of an innovative digital therapy to promote

weight loss in patients with obesity by increasing their treatment

adherence. Complementing trial data with process evaluation, as

done by Ali et al., is crucial to gain a deeper understanding of

participant experiences on how, why and when people are

engaging with these tools. However, it must be noted that the field

of DHIs lacks methodological guidance on evaluating its

effectiveness beyond RCTs (12) and is quite segmented due to its

inter-disciplinary nature and approach. Implementation science is

an important aspect of DHIs and goes beyond the development

of guidelines on how to implement interventions in clinical

practice, for example through educating future healthcare

professionals on this. The curriculum, instruction and pedagogy

article from Loizou et al. uses Virtual Reality simulations for

healthcare professionals to practice carer and patient interactions

based on affective intelligent agents incorporated into the

learning scenarios.

Healthcare access remains a global challenge and DHIs, such as

telehealth, can support in streamlining provision and reducing

waiting times (13). The study of Tennankore et al. describes a

pilot study examining the potential of the Virtual Hallway

platform in facilitating patient-focused specialist care through

synchronous phone conversations. This demonstrated high

acceptability and potential to reduce waitlists and unnecessary

referrals. The qualitative case study approach from Sowon et al.

refers to a “community of purpose” and how they affect the usage

of mobile health interventions in the context of maternal care in

Sub-Saharan Africa context. Although results may not be

generalisable to high-income countries, it provides insights into

the complexities of promoting use and adoption of DHIs across

similar economic and cultural contexts. Another important topic

regarding healthcare access in the field of DHIs is the topic of

digital exclusion. The systematic review of Udenigwe et al.

focussed on gender transformative approaches in mobile health

interventions for maternal health in sub-Saharan Africa, primarily

consisting of text-based messaging. It stresses the limited extent of

such approaches and highlights the need for inclusivity in the

digital landscape in maternal health across LMICs. Inclusivity

should be considered for any DHIs across any context and

research stage, including high-income countries (14). The brief

research report article from Collombon et al. focuses on recruiting

adults aged 50 years and older with low socioeconomic status for

participation in online physical activity interventions. As stressed

by the report, personal paper-based invitation letters worked best

compared to social media and advertisements through a gym. It is

important to use inclusive recruitment strategies to maximize

diversity and ensure equal access to the research study, specifically

when the end-users are hard to reach.

Future research recommendations

The field of DHIs is developing rapidly with known potential

to tackle healthcare challenges. However, challenges remain in

terms of accessibility, engagement and evaluation methodologies

across different patient populations and economic settings. The

contributions in this collection demonstrate the importance of

incorporating behavioural science, human-centered design, and

rigorous evaluation frameworks to enhance effectiveness.

Inclusivity must be prioritized from intervention design to

recruitment strategies, to ensure equitable access for

underserved groups. Interdisciplinary collaborations between

academia, industry and healthcare providers are crucial and

future research should explore cost-effective and scalable

solutions, leveraging AI, machine learning, and gamification

while maintaining a focus on ethical considerations and end-

user needs. The current research topic presents a global and

interdisciplinary perspective, furthering our understanding of

the field and shaping future research directions

and recommendations (Figure 1).
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Retrospective observational study
of a novel smartphone app on the
management of patients with mild
cognitive impairment or mild
dementia
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Tsuyoshi Hachiya3, Haruna Kawano4, Shuji Isotani4, Emi Ito1,
Nobuhiro Handa1, Ryozo Saito5, Shigeo Horie1 and Hisamitsu Ide1

1Department of Digital Therapeutics, Graduate School of Medicine, Juntendo University, Tokyo, Japan,
2Hirokawa Clinic, Kyoto, Japan, 3Department of Advanced Informatics for Genetic Disease, Graduate
School of Medicine, Juntendo University, Tokyo, Japan, 4Department of Urology, Graduate School of
Medicine, Juntendo University, Tokyo, Japan, 5Life Quest Inc., Tokyo, Japan

Introduction: In this study, we aimed to evaluate the feasibility, utility, and
potential effects of LQ-M/D App, a smartphone application developed by Life
Quest Inc., Tokyo, Japan, for patients with mild cognitive impairment (MCI) and
mild dementia. The app incorporates cognitive and physical exercise training,
lifestyle habit acquisition features, and a continuity improvement feature added
in the post-update version to enhance user engagement. The continuity
improvement feature includes the optimization of training content, and disease
education, and enables family monitoring via a family app.
Methods: A retrospective analysis was conducted on app usage, cognitive and
exercise training implementation and interruptions, questionnaire response rates,
and cognitive assessments in a single institution. A total of 20 patients used the
app, with 10 patients using the pre-update version without the continuity
improvement feature, and the other 10 patients using the post-update version
with the continuity improvement feature.
Results and Conclusion: The results demonstrated that the LQ-M/D App could be
effectively used by the study population, and the continuity improvement feature
positively influenced app usage in several aspects. Although a potential association
between app usage and cognitive ability was suggested, the scatter in the data
points warrants cautious interpretation. Limitations of the study included a small
sample size, a single institution setting, and the retrospective nature of the
study. In the future, a randomized controlled trial design using a larger sample
size and multiple institutions to further evaluate the effectiveness of LQ-M/D
App in managing MCI and mild dementia should be performed.

KEYWORDS

smartphone app, digital therapy, nonpharmacological intervention, mild cognitive

impairment, dementia

Introduction

The prevalence of dementia in Japan is increasing, and the number of people in Japan

with dementia in 2025 is estimated to be 6.75 million (1). Although pharmacotherapy is

thought to alleviate symptoms in patients who have developed dementia, its effectiveness

in halting or slowing the progression of the disease is very limited. Therefore,
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interventions are recommended to be performed in patients with

mild cognitive impairment (MCI) before the onset of dementia

or in the early stages of dementia. The prevalence of MCI is

reported to be 15%–25% in those aged 65 years and older (2–4),

and the conversion rate from MCI to dementia is reported to be

approximately 5%–15% per year (5). On the other hand, MCI-

to-normal reversion has also been reported to be 16%–41% per

year (6), and although it is controversial whether such

improvement can actually be observed, it is considered important

to actively address this from the time a patient has MCI, to

prevent subsequent dementia. Cholinesterase inhibitors used for

dementia have been reported to improve cognitive function in

MCI patients; however, they have not been shown to prevent the

progression to dementia (7). Non-drug therapies centered on

moderate physical activity and lifestyle modification have been

recommended to reduce the progression from MCI to dementia

(8–10). In addition, lifestyle-associated diseases, such as

hypertension, diabetes, dyslipidemia, and a history of

cerebrovascular disease are known to be risk factors for the

progression from MCI to dementia, and appropriate

management of these risk factors is important (10, 11).

Management of these risk factors requires that the patient and

family members have an appropriate understanding of MCI, and

they receive guidance to prepare for the progression to dementia,

including understanding and improving lifestyle habits.

In recent years, the field of mobile health using smartphones and

mobile phones has gained attention, and is beginning to be used for

older adults (12, 13), including those with MCI (14, 15). However,

treatment-focused apps designed specifically for patients with MCI

or dementia are limited at present. Cognitive Assessment for

Dementia, iPad version (CADi), and the Cogstate Brief Battery

(CBB) are examples of apps intended for the assessment of

cognitive function (16, 17). CADi can be used as a new mass

screening tool that comprises memory and cognitive tasks, and

has demonstrated good reliability and validity for the screening of

patients with dementia (16). CBB, on the other hand, has shown

promise for unsupervised at-home cognitive assessments, but it

primarily focuses on evaluation, rather than intervention (17).

Exercise-based interventions are expected to slow cognitive decline

as non-pharmacological therapies (18), and it was reported that a

smartphone app called “HealtheBrain” can be used without any

problems in older adults with or without MCI (19). This app,

designed to provide a visuospatial memory exercise called the

square stepping exercise, aims to improve cognitive function in

older adults. In addition, cognitive training, traditionally

conducted on paper but now often conducted using computers,

has been suggested to be effective for cognitive function (20). A

digital calendar with activity/event reminders via short messages

that can be used on smartphones or mobile phones, which can be

set by family members, professionals, or other supporters, has

been used by older adults aged 65 years and older (including older

adults who are aware of memory loss), and it was reported that

the use of this system can be learned easily (21).

As described above, it has been reported that providing

exercises, scheduling, and obtaining activity records via

smartphones can be used without problems by older patients,
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including those with cognitive impairment. In addition,

computer-based cognitive training can be substituted by mobile

devices, such as smartphones. A smartphone application for

patients with MCI or mild dementia called “LQ-M/D App” was

developed by Life Quest Inc. (Tokyo, Japan), which includes the

following functions: (i) training content (cognitive training and

exercise training), and (ii) content for the acquisition of lifestyle

habits (diet, sleep, and walking time). At present, there are a

limited number of treatment-focused apps specifically tailored for

patients with MCI or dementia. The LQ-M/D App is specifically

designed for older adults with cognitive impairments to provide

a non-pharmacological intervention. The purpose of this study

was to investigate the feasibility and utility of the LQ-M/D App,

and we conducted a retrospective observational study to analyze

the clinical and application data of patients with MCI or mild

dementia who used LQ-M/D App.
Patients and methods

Study design

This observational study was retrospectively conducted to

investigate the effects of LQ-M/D App on patients with MCI or

mild dementia treated at Hirokawa Clinic, Kyoto, Japan, from

September 1, 2020, to August 31, 2021, using the clinic’s medical

records and data from the app. All patients were provided with

smartphones containing the pre-downloaded LQ-M/D App, and

used the LQ-M/D App, as well as received standard treatments for

MCI or mild dementia. All procedures were performed in

accordance with the ethical principles described in the 1995

Declaration of Helsinki. Written informed consent was obtained

from each patient. The study was approved by the Institutional

Review Board of Juntendo University and registered in UMIN

Clinical Trials (UMIN000047077). In this study, external

monitoring by the Japan Organization for Research and Treatment

of Cancer (JORTC) verified data accuracy by comparing original

sources with analysis data for a random subset of cases, with no

discrepancies identified, confirming data integrity.
LQ-M/D App

In this study, the smartphone application “LQ-M/D App”

developed by Life Quest Inc. was used. LQ-M/D App has two

main features: (i) provision of training content, and (ii) content

for the acquisition of lifestyle habits (Figure 1).

The training content consists of cognitive function training and

physical exercise training. The cognitive training consists of multiple

menus targeting various cognitive functions, including memory

function, language function, judgment function, calculation

function, executive function, and visuospatial cognitive function,

with a total of 21 different tasks. The physical exercise training

comprises dual-task training and other types of training, and

includes 38 dual-task exercises and 24 other types of physical

activities. The lifestyle habits acquisition feature collects
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FIGURE 1

Overview of LQ-M/D App main features. Screenshots of LQ-M/D App, showcasing its main features: (i) training content, and (ii) acquisition of lifestyle
habits. Images depict examples of exercise training (top-right), cognitive training (bottom-left and center-bottom), and the dietary questionnaire
(bottom-right).
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information on diet, sleep, and walking time through questionnaires

conducted within the app. However, at present, the app does not

have a feature for physicians to review records and provide feedback.

On December 21, 2020, LQ-M/D App was updated to include a

continuity improvement feature designed to enhance sustained

user engagement. This feature consists of optimizing training

content, providing disease education, and enabling family

monitoring via a family app (Figure 2). The optimization of

training content adjusts and reconfigures the content based on

usage, with varying intervention frequencies by an avatar. Disease

education offers valuable information and resources to help

patients and their families better understand and manage the
Frontiers in Digital Health 0311
condition. The family app enables monitoring of the patient’s

app usage, and enables simple message exchanges between

patients and their family members. As a result, families can

better understand the patient’s situation, and an improvement in

the patient’s app usage can be expected. A summary of the

features of the LQ-M/D App is shown in Table 1.

In this study, we used both the pre-update version without the

continuity improvement feature, and the post-update version with

the continuity improvement feature, each for a duration of 6

months, to compare and investigate their respective effects.

Patients and caregivers were provided with comprehensive

instructions on how to use the app. During regular monthly
frontiersin.org
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FIGURE 2

Enhancements in the post-updated LQ-M/D App. Screenshots of the post-updated LQ-M/D App, highlighting continuity improvement features. The left
and center images show avatar interventions, and the right image presents educational content. These features aim to enhance patient engagement and
understanding.

TABLE 1 Summary of features of the LQ-M/D App.

Feature Pre-update
version

Post-update
version

Training content
Cognitive function traininga ○ ○

Physical exercise traininga ○ ○

Lifestyle habits acquisition
Collection of information on diet, sleep,
and daily walking timea

○ ○

Continuity improvement feature
Optimizing training contenta × ○

Providing disease educationa × ○

Family monitoring via family appb × ○

aAll features except for the family monitoring feature are utilized by patients

through the LQ-M/D App.
bThe family monitoring feature is utilized by family members through the family

app.
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check-ups, healthcare providers asked about app usage to evaluate its

use by the patients and caregivers. However, the actual usage of the

app was ultimately at the discretion of the users themselves.
Assessment procedures

In this study, data from medical records were retrospectively

collected, including patient background, MCI and dementia

treatment courses, and scores for Mini-Mental State Examination

(MMSE), Hasegawa’s Dementia Scale-Revised (HDS-R), Clinical

Dementia Rating (CDR), and Alzheimer’s Disease Assessment
Frontiers in Digital Health 0412
Scale-Cognitive Subscale Japanese version (ADAS-jcog).

Additionally, information on app malfunctions occurring during

use, daily app usage duration (in minutes), the daily number of

cognitive training and exercise training sessions performed, daily

number of interruptions of cognitive training and exercise

training, and the presence or absence of daily questionnaire

responses were obtained from the app data. The data were

compared between the pre-update version without the continuity

improvement feature and the post-update version with the

continuity improvement feature. Furthermore, MMSE scores of

24–27 points were classified as MCI, and those of 20–23 points

as mild dementia. For these patients, the association between

daily app usage duration (in minutes), the daily number of

cognitive training and exercise training sessions, and changes in

MMSE, HDS-R, and ADAS-jcog scores from the start of app use

to 6 months after the end of app usage were examined.
Statistical analyses

For both the pre-update version without the continuity

improvement feature and the post-update version with the

continuity improvement feature, unpaired t-tests were conducted

for daily app usage duration (in minutes), daily number of

cognitive training and exercise training sessions, and daily

number of interruptions for cognitive training and exercise

training. Additionally, the Mann-Whitney U-test was performed

to compare the presence or absence of daily questionnaire

responses between the pre-update and post-update versions.
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Pearson’s correlation coefficients were measured between the changes

in MMSE, HDS-R, and ADAS-jcog scores (6-month score—initial

score) and daily app usage duration, and daily number of cognitive

training and exercise training sessions. Standard deviations of

mean dataset values were calculated. All p-values were two-sided,

and a p-value of less than 0.05 was considered to indicate a

statistically significant difference between two groups. All statistical

analyses were performed using Easy R software (version 1.61;

Saitama Medical Center, Jichi Medical University, Saitama, Japan),

a graphical user interface that is a modified version of R (The

R Foundation for Statistical Computing, Vienna, Austria) (22).
Results

Patient characteristics

A total of 20 patients (7 men and 13 women) used LQ-M/D

App, with a mean age of 72.3 (range: 50–82) years at the start of

app usage. The MMSE, HDS-R, CDR, and ADAS-jcog scores at
TABLE 2 Patient characteristics.

Number of patients 20

Age, years

Mean (range) 72.3 (50–82)

Sex

Men 7

Women 13

MMSE score 24.7 ± 3.0

HDS-R score 24.4 ± 3.7

CDR score 0.45 ± 0.15

CDR category (number of patients)

0 2

0.5 18

1 0

2 0

ADAS-jcog score 10.4 ± 3.8

Medication (anti-dementia drugs)

Yes 17

No 3

MMSE, mini-mental state examination; HDS-R, Hasegawa’s dementia scale-

revised; CDR, clinical dementia rating; ADAS-jcog, Alzheimer’s disease

assessment scale-cognitive subscale Japanese version.

TABLE 3 Summary of App usage, training sessions, interruptions, and respon

App usage duration
(minutes/day)

Cognitive training

Sessions
(times/day)

Interrupt
(times/d

Observation period
(6 months)

38.2 ± 41 7.6 ± 10.7 0.125 ± 0.

1st month 44.9 ± 39.5 8.2 ± 9.3 0.152 ± 0.

2nd month 39.1 ± 45.7 6.6 ± 9.5 0.118 ± 0.

3rd month 42.1 ± 46.8 8.9 ± 13.1 0.134 ± 0.

4th month 34.9 ± 40.4 7.6 ± 12.3 0.135 ± 0.

5th month 35.7 ± 35.9 7.8 ± 10.0 0.100 ± 0.

6th month 29.3 ± 31.1 6.3 ± 8.5 0.100 ± 0.

Data are shown as mean ± standard deviation.
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the start of app usage are shown in Table 2. The mean daily app

usage duration (minutes), mean daily number of cognitive

training and exercise training sessions, mean daily number of

interruptions, and the proportion of questionnaire responses are

presented in Table 3 for the entire study period as well as from

the first month to the sixth month.
App malfunctions

During usage of the app, 11 patients experienced malfunctions.

In 4 cases of patients using the pre-updated version, the training

feature of the app was unstable for 36, 34, 26, and 8 days,

respectively. In 6 cases of patients using the post-updated

version, the app could not be launched owing to an inability to

communicate with the server for 14, 13, 12, 8, 6, 5, and 4 days,

respectively.
Comparison between the pre-update
version and the post-update version

In this analysis, the pre-update version without the continuity

improvement feature (n = 10) was compared with the post-update

version with the continuity improvement feature (n = 10). For

each version, the mean daily app usage time, mean number of

cognitive training and exercise training sessions, mean number of

interruptions, and presence or absence of questionnaire responses

were shown for the entire period and from the first to the sixth

month, in Figures 3–6.

Over the entire 6-month observation period, there was no

statistically significant difference in mean daily app usage time

between the pre-update and post-update versions. Examining the

monthly results, the mean usage time tended to decrease over

time in the pre-update version, whereas the post-update version

did not show a clear decline in mean usage time, and at 6

months, the mean daily app usage time was significantly longer

for the post-update version (Figure 3).

Regarding the mean number of daily cognitive training

sessions, there was a tendency for the pre-update version to have

more sessions, with a significantly higher number of sessions for
se rates.

Exercise training Questionnaire

ions
ay)

Sessions
(times/day)

Interruptions
(times/day)

Response rate per
day (%)

420 3.8 ± 5.3 0.159 ± 0.517 21.7 ± 42.1

489 4.0 ± 4.7 0.249 ± 0.784 22.4 ± 44.1

382 4.5 ± 7.0 0.200 ± 0.589 23.8 ± 42.9

390 4.5 ± 5.6 0.158 ± 0.420 23.4 ± 43.9

446 3.2 ± 4.8 0.123 ± 0.373 19.6 ± 41.5

386 3.5 ± 4.8 0.113 ± 0.354 21.6 ± 40.8

400 2.8 ± 4.0 0.077 ± 0.292 17.9 ± 37.0

frontiersin.org

https://doi.org/10.3389/fdgth.2023.1243253
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 3

LQ-M/D App usage duration. Usage duration of LQ-M/D App (n= 20),
LQ-M/D App without the continuity improvement feature (n= 10), and
LQ-M/D App with the continuity improvement feature (n= 10), from
the first to the sixth month, as well as the entire observation period (6
months). The graph shows the mean values for app usage duration in
each group, with error bars representing the standard error. *p < 0.05,
**p < 0.005.
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the overall observation period (6 months), as well as for the first

and fourth months. On the other hand, at 6 months, the number

of sessions decreased in the pre-update version, and a significant

increase in the number of sessions was observed in the post-

update version (Figure 4A). For the mean number of

interruptions, a statistically significant difference was observed

between the pre-update and post-update versions for the overall

observation period (6 months) and in each month, with more

interruptions in the pre-update version (Figure 5A). The mean

number of daily exercise training sessions was significantly

higher for the post-update version during the overall observation

period of 6 months and in each month, except for the second

month (Figure 4B). Additionally, the mean number of
FIGURE 4

Number of cognitive and exercise training sessions on LQ-M/D App. Number
used LQ-M/D App (n= 20), LQ-M/D App without the continuity improvement
(n= 10), from the first to the sixth month, as well as the entire observation perio
training performed by each group, with error bars representing the standard e
performed by each group, with error bars representing the standard error. *p
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interruptions was lower for the post-update version, with a

statistically significant difference observed for the overall

observation period of 6 months and each month, except for the

first and 6 months (Figure 5B).

The mean daily questionnaire response rate tended to be lower

for the post-update version, except for the sixth month. A

significantly higher mean questionnaire response rate was

observed for the pre-update version during the overall 6-month

observation period, as well as at the first, second, and fourth

months (Figure 6). However, it is difficult to compare the data,

as the number of questionnaires differed between the two

versions; i.e., in the pre-update version, questionnaires were

conducted after breakfast, lunch, and dinner, whereas in the

post-update version, questionnaires were additionally conducted

upon waking and before bedtime.
Association between scores for MMSE,
HDS-R, and ADAS-jcog, and app usage

In this study, patients with MMSE scores of 24–27 were

classified as having mild MCI, and those with scores of 20–23

were classified as having mild dementia. Four patients with

MMSE scores of 28 or higher and 1 patient with a score of 19 or

lower were excluded. The remaining sample comprised 11

patients with MCI and 4 with mild dementia, totaling 15

patients. The association between daily app usage duration (in

minutes), the daily number of cognitive training and exercise

training sessions, and changes in MMSE, HDS-R, and ADAS-

jcog scores from the start of app use to 6 months after the end

of app use was investigated for these 15 patients using Pearson’s

correlation coefficients. Scatterplots of the associations are shown

in Figure 7. The results indicate positive correlations between

MMSE and HDS-R cognitive assessments and factors, such as
of sessions of cognitive and exercise training performed by patients who
feature (n= 10), and LQ-M/D App with the continuity improvement feature
d (6 months). (A) Graph showing the mean values for sessions of cognitive
rror. (B) Graph showing the mean values for sessions of exercise training
< 0.05, **p < 0.005.

frontiersin.org

https://doi.org/10.3389/fdgth.2023.1243253
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 5

Interruptions in cognitive and exercise training on LQ-M/D App. Interruptions of cognitive and exercise training of patients who used LQ-M/D App
(n= 20), LQ-M/D App without the continuity improvement feature (n= 10), and LQ-M/D App with the continuity improvement feature (n= 10), from
the first to the sixth month, as well as for the entire observation period (6 months). (A) Graph showing the mean values for interruptions of cognitive
training in each group, with error bars representing the standard error. (B) Graph showing the mean values for interruptions of exercise training in
each group, with error bars representing the standard error. *p < 0.05, **p < 0.005.

FIGURE 6

Questionnaire response rates on LQ-M/D App. Questionnaire responses
for LQ-M/D App (n= 20), LQ-M/D App without the continuity
improvement feature (n= 10), and LQ-M/D App with the continuity
improvement feature (n= 10), from the first to the sixth month, as
well as for the entire observation period (6 months). The graph shows
the mean values for questionnaire response rates in each group, with
error bars representing the standard error. *p < 0.05, **p < 0.005.

Hamaguchi et al. 10.3389/fdgth.2023.1243253
app usage duration, cognitive training sessions, and exercise

training sessions, suggesting potential cognitive improvement. In

contrast, a negative correlation was observed with ADAS-jcog

scores, also implying cognitive enhancement. However, the p-

values were not statistically significant, suggesting that further

research is needed to confirm these findings and their effects on

cognitive function.
Discussion

In this study, we investigated the feasibility and utility of LQ-

M/D App, a smartphone application developed for patients with
Frontiers in Digital Health 0715
MCI or mild dementia. The results demonstrated that the app

could be utilized by the study population without major issues,

and that the continuity improvement feature introduced in the

updated version of the app appeared to positively influence app

usage in several aspects. Although some app malfunctions were

observed during the study, they were within acceptable limits and

did not greatly hinder the app’s usability. However, although the

association between app usage and cognitive ability of the

patients showed a tendency for a positive correlation, the

available data was not sufficient to draw definitive conclusions.

Therefore, further research is needed to confirm these findings

and their effects on cognitive function.

Previous studies have reported the potential benefits of

nonpharmacological interventions, such as moderate physical

activity and lifestyle modifications, in slowing cognitive decline

and reducing the progression from MCI to dementia (23, 24).

LQ-M/D App incorporates cognitive and physical exercise

training, as well as lifestyle habit acquisition features, which may

contribute to the management of MCI or mild dementia. The

app also includes disease education and family monitoring

through the family app, which may help patients and their

families better understand and manage their condition, in line

with recommendations for MCI management (25, 26). The

comparison between the pre-update and post-update versions of

LQ-M/D App in our study demonstrated that the continuity

improvement feature positively influenced app usage duration,

the number of cognitive training and exercise training sessions,

and the number of interruptions. These findings suggest that the

updated app may provide a more engaging and user-friendly

experience for patients with MCI or mild dementia, which is

consistent with previous reports on the usability of mobile health

interventions for older adults (27–29).

Our study observed a generally low questionnaire response rate

in both the pre-update and post-update versions of LQ-M/D App.

A possible reason for this might be the lack of evaluation and
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1243253
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 7

Correlation between app usage and cognitive test scores. Scatterplots illustrating the association between daily app usage duration, daily number of
cognitive training sessions, and exercise training sessions with changes in MMSE, HDS-R, and ADAS-jcog scores from the start of app use to 6
months after the end of app use in 15 patients. The Pearson’s correlation coefficient for each association is provided. No statistically significant
differences were observed between the groups.
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feedback on patients’ questionnaire responses, as feedback has been

shown to improve engagement and adherence in eHealth

interventions (30). The post-update version showed a lower

response rate compared with the pre-update version, potentially

owing to response fatigue among patients resulting from the

increased frequency of questionnaires in the post-update version

(31, 32). Further investigation is needed to determine the optimal

questionnaire frequency and the role of feedback in balancing

data collection and patient engagement in electronic health

interventions.

In this study, the association between app usage and cognitive

improvement did not reach statistical significance, with

correlation coefficients demonstrating wide-ranging confidence

intervals and relatively high p-values. These findings suggest a

potential association between app usage and cognitive
Frontiers in Digital Health 0816
improvement but should be interpreted with caution owing to

the small sample size and the retrospective nature of the study.

Moreover, among the 20 patients, 17 were receiving medication

for dementia, and 2 patients started taking medication during

the study period. Therefore, the possibility of the slight

improvement in cognitive performance being a result of the

effects of the medication rather than the effects of training

using the App cannot be ruled out. Further research with larger

sample sizes and prospective study designs is necessary to better

understand the effects of the LQ-M/D App on cognitive

function in patients with MCI or mild dementia, and to

confirm the potential cognitive benefits of the app and to

investigate the underlying mechanisms contributing to these

correlations, as suggested by prior research on the effectiveness

of cognitive training for cognitive function (33).
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There are some limitations to our study. First, the sample size

was relatively small, which may have affected the statistical power

of the analyses. Second, the study was conducted in a single

institution, which may limit the generalizability of the findings.

Third, the study was retrospective in nature, which may have

introduced biases in the data collection and interpretation. Fourth,

the study lacked a control group, making it difficult to determine

the specific effects of the LQ-M/D App on cognitive function

compared with standard treatments alone. Future research should

consider a randomized controlled trial design with larger sample

sizes and multiple institutions to further evaluate the effectiveness

of LQ-M/D App in managing MCI and mild dementia.
Conclusions

In conclusion, this study demonstrated the feasibility and

potential utility of LQ-M/D App for patients with MCI or mild

dementia. The app’s continuity improvement feature appeared to

positively influence app usage, and the observed trends in

cognitive assessments suggested potential cognitive improvement,

although further research is needed to confirm these findings.

LQ-M/D App may be a promising tool for the management of

MCI and mild dementia, potentially contributing to the

prevention or delay of cognitive decline in this population.
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Tailored motivational messages are helpful to motivate people in eHealth
applications for increasing physical activity, but it is not sufficiently clear how
such messages can be effectively generated in advance. We, therefore, put
forward a theory-driven approach to generating tailored motivational messages
for eHealth applications for behavior change, and we examine its feasibility by
assessing how motivating the resulting messages are perceived. For this, we
designed motivational messages with a specific structure that was based on an
adaptation of an existing ontology for tailoring motivational messages in the
context of physical activity. To obtain tailored messages, experts in health
psychology and coaching successfully wrote messages with this structure for
personas in scenarios that differed with regard to the persona’s mood, self-
efficacy, and progress. Based on an experiment in which 60 participants each
rated the perceived motivational impact of six generic and six tailored messages
based on scenarios, we found credible support for our hypothesis that
messages tailored to mood, self-efficacy, and progress are perceived as more
motivating. A thematic analysis of people’s free-text responses about what they
found motivating and demotivating about motivational messages further
supports the use of tailored messages, as well as messages that are encouraging
and empathetic, give feedback about people’s progress, and mention the
benefits of physical activity. To aid future work on motivational messages, we
make our motivational messages and corresponding scenarios publicly available.

KEYWORDS

physical activity, behavior change, eHealth, tailoring, personalization, motivation, feedback,

monitoring

1. Introduction

Tailored motivational messages have been shown to be useful in eHealth applications for

behavior change such as ones for becoming more physically active (1–4). For example,

providing users with actionable feedback (i.e., feedback that can be acted on) in

combination with information about their progress has been found to increase intrinsic

motivation as well as adherence (5). For somebody creating an eHealth application, this

means that they need to find a way to generate motivational messages adjusted to each

combination of values for the tailoring factors that might be relevant to consider, such as

a person’s progress or motivation. Since it is likely not feasible for experts to write and

send these messages in real time after the application has been deployed, the messages

should be generated in advance.
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A common approach to generating motivational messages used

in current eHealth applications for behavior change is writing

custom and hand-crafted messages without a specific structure

(e.g., (6–10)). While this approach may lead to messages that are

effective for the specific application at hand, it is difficult for other

researchers to follow the same recipe for generating messages for a

different behavior change application. This hinders the reuse,

reproducibility, and generalizability of findings, especially when the

messages are also not publicly shared (e.g., (6–8, 11, 12)).

To obtain structured motivational messages, both data-driven

and theory-driven approaches have been employed. For example,

Tielman et al. (13) asked experts to write messages for scenarios

differing based on user trust and therapy progress in the context

of post-traumatic stress disorder therapy. The sentences in the

resulting messages were used to identify categories such as

“compliment” and “give perspective,” and new messages were

generated based on the probabilities of categories appearing for a

certain combination of tailoring factors. The resulting messages

thus do have a specific structure, but this structure is based on

data from a specific domain and may hence not be applicable to

other domains. An alternative to this data-driven approach is a

theory-driven one. Thomas et al. (14), for example, proposed

asking peers to write messages for healthy eating based on

argumentation schemes (i.e., forms of argument). Because the

resulting message structure is not tailored to a specific domain, it

can be used in different behavior change domains, thus reducing

the time needed for designing and validating messages for the new

domain. However, limited work on such theory-driven approaches

exists for generating motivational messages that are tailored.

Our goal was thus to develop and test the feasibility of a theory-

driven approach to generating tailored motivational messages. We,

therefore, asked experts in health psychology and coaching to write

motivational messages with a specific structure derived from an

ontology. To obtain tailored messages, these messages were written

for personas in scenarios that differed with regard to the mood,

self-efficacy, and progress of the persona in the context of

becoming more physically active. A variety of tailoring factors for

motivational as well as persuasive messages more generally has

been examined in previous work, including both dynamic factors

(e.g., progress (15), self-efficacy (16), states derived from the

Capability-Opportunity-Motivation-Behavior (COM-B) model

(17)) and more stable user characteristics (e.g., gender (18), need

for cognition (19), physical activity identity (20)). In line with our

goal, we chose three factors that have been shown to be relevant in

previous work and not necessarily the most important factors.

Progress was chosen to make progress feedback possible, which can

help users keep a positive mindset about physical activity (15),

increase users’ motivation to reach their goal behavior (21), and

make messages more interesting (22) and thus more likely to be

processed in detail (23) and with a persistent impact (24); mood

and self-efficacy were primarily chosen because they can affect how

messages and feedback, in particular, are processed. Specifically,

mood has been shown to affect how a user processes messages (25)

and feedback regarding behavior change (26, 27), and self-efficacy

influences how a user absorbs message content (28) and is

persuaded by differently framed messages for behavior change (16).
Frontiers in Digital Health 0220
Mood and self-efficacy can thus affect how effective different

motivational messages are. Furthermore, mood and self-efficacy

both influence physical activity and are influenced by it (26, 29,

30). This can be taken into account in motivational messages for

physical activity if a user’s mood and self-efficacy are known.

To validate our resulting messages, we conducted an

experiment in which 60 participants each rated the perceived

motivational impact of six tailored and six generic messages

based on scenarios. Our hypothesis was that the tailored

messages are perceived as more motivating than the generic

ones. To improve motivational messages in the future, we further

qualitatively analyzed people’s free-text responses about what

they find motivating and demotivating about motivational

messages. Our results support the feasibility of theory-based

generation and the use of messages tailored to mood, self-

efficacy, and progress. To aid future work on motivational

messages, we make the scenarios and resulting 60 tailored and 12

generic motivational messages publicly available (31).
2. Method

Our experiment was run from December 2021 to January 2022.

The Human Research Ethics Committee of Delft University of

Technology granted ethical approval for the research (Letter of

Approval number: 1814) and the experiment was pre-registered

on the Open Science Framework (OSF) (32).
2.1. Experimental design

The study was set up as a double-blind within-subjects

experiment. The within-subjects factor was the type of message

that participants rated for a hypothetical scenario. In the control

condition, participants rated generic messages; in the experimental

condition, they rated messages tailored to progress, mood, and

self-efficacy. To mitigate order and learning effects, ABBA

counterbalancing (33) was performed when assigning tailored or

generic messages to participants. Furthermore, the progress, mood,

and self-efficacy of the persona used in the hypothetical scenarios

were counterbalanced with a modified Latin square.
2.2. Materials

The online crowdsourcing platform Prolific and the survey

platform Qualtrics were used to recruit participants and host the

questionnaires.

Scenarios. 30 hypothetical scenarios were designed to elicit

motivational messages from experts. The scenarios were created

by combining three levels of mood, two levels of self-efficacy,

and five levels of progress (2� 3� 5 ¼ 30). Each scenario had a

persona with a specific mood, self-efficacy, and progress level of

their physical activity program. The list of scenarios can be

found in our online repository. Two independent coders labeled

each scenario with a mood, self-efficacy, and progress level to
frontiersin.org
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evaluate whether each scenario had a distinguishable mood, self-

efficacy, and progress level. We obtained substantial to almost

perfect agreement (34) for mood (k ¼ 0:73), self-efficacy

(k ¼ 0:73) and progress (k ¼ 0:96).

Motivational messages. Using the framework by Op den

Akker et al. (27) as inspiration, we created an ontology to model

tailored motivational messages for physical activity coaching

based on their intention (i.e., why the message is sent) and

content (i.e., what is in the message) (Figure 1). The message

structure (Figure 2) consists of the components feedback,

argument, reinforcement, and suggestion following the model by

Op den Akker et al. (27), which was created as a model of

tailoring for real-time physical activity coaching applications

based on a survey of the literature and of messages used in

previous studies. Two health psychologists with experience in

behavioral change coaching and developing eHealth applications

for increasing physical activity were recruited from the network

of the authors to write tailored motivational messages for the 30

hypothetical scenarios based on this ontology for a total of 60
FIGURE 1

The ontology used for generating tailored motivational messages to improve
(27), we have added the components of qualitative and quantitative feedba
suggestion, argument, and reinforcement components.

FIGURE 2

Message structure for messages with (A) encourage and (B) neutral intentions b
to do (more) physical activity, whereas a neutral intention acknowledges a u
consistently achieving their goals, they need not be reminded frequently a
reinforcement components can then be used for messages with neutral inten
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messages. The psychologists were asked to consider the people in

the scenarios as their clients or patients and write the messages

as if they were motivating them to improve their physical activity

levels. Along with the tailored messages, the psychologists were

asked to write six generic messages each to motivate people to

increase their physical activity regardless of their mood, self-

efficacy, or progress. The psychologists were instructed to write

all messages using the message structure depicted in Figure 2 if

possible. All messages are provided in our online repository.
2.3. Measures

We tested our main hypothesis using the following measure:

Perceived motivational impact of messages. For each

message, participants rated the perceived motivational impact on

an 11-point scale from �5 (“Very demotivating” ) to 5 (“Very

motivating”), adapted from the one by de Vries et al. (35). A

higher value thus indicates a higher perceived motivational impact.
physical activity. Based on the ontology developed by Op den Akker et al.
ck, while retaining the encourage and neutral intentions as well as the

ased on Op den Akker et al. (27). An encourage intention encourages users
ser’s progress and informs them to keep up the good work. If a user is
bout the arguments to stay active, and hence only the feedback and
tions.
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In addition, we collected the following measures for

exploratory research:

Motivating and demotivating factors of messages. Participants

were asked to provide free-text answers to the questions “How would

a message motivate you to do physical activity?” and “How would a

message demotivate you from doing physical activity?” The questions

were adapted from the ones by Fukuoka et al. (36).
2.4. Participants

We conducted a power analysis for repeated measures, within-

factors ANOVA with 6 repeated measurements per condition (i.e.,

12 measurements in total), a small effect size (f ¼ 0:18) (37), an

alpha of 0.05, and a power of 0.90 to obtain a target sample size

for our Bayesian analysis. The result was a sample size of 30.

This estimate was conservative, as Bayesian analyses require no

more samples than the corresponding frequentist ones (38). We

also decided to add an additional 30 participants for a total of 60

if we had sufficient funds left after the first 30 participants had

completed the study. This was done to increase the power, as

well as to get more responses for the qualitative analysis. The

decision to include more participants was taken without looking

at experimental data.

To be eligible, participants had to meet the following criteria:

1. have an approval rate of �95% on the crowdsourcing platform

Prolific to obtain participants with reliable submissions (39),

2. speak English fluently, and

3. have at least 10 previous submissions on Prolific, to avoid low-

effort or low-quality submissions (as recommended by Prolific

to recruit active and committed users (40)).

60 participants completed the study out of a total of 121 who

started it. If participants passed at least half of the four and two

attention check questions added in the two sections of the

questionnaire respectively (i.e., the pre-questionnaire and

scenario-rating sections), gave informed consent, and passed the

pre-screener validation about English fluency, they were

approved and paid according to the minimum payment rules on

Prolific (i.e., five pounds sterling per hour). Participants were

informed that their responses to the questionnaire would not

affect their payment in any way unless it violated the conditions

mentioned above. This served to mitigate biases such as the ones

mentioned by Draws et al. (41), specifically loss aversion and

self-interest bias. Participant characteristics such as age and

gender are provided in the Supplementary Material. Participants

on Prolific are nationals of or live in member countries of the

Organisation for Economic Co-operation and Development

(OECD) with the exception of Turkey, Lithuania, Colombia, and

Costa Rica and the addition of South Africa (42).
1We used normal priors with m ¼ 0 and s ¼ 10 for both the general mean

and the fixed effect for tailoring. The full model specification can be found

in the online repository (31).
2.5. Procedure

The study consisted of a questionnaire divided into two sections:

† a pre-questionnaire section to collect data on user

characteristics, and
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† a scenario-rating section in which participants were given 6

hypothetical scenarios with motivational messages intended to

motivate the persona in the scenario per condition, for a total of

12 scenarios. To mitigate order effects and learning effects,

ABBA counterbalancing was used when assigning tailored or

generic messages. For each scenario, participants were asked to

rate how motivating they would find the messages for themselves

if they were the persona in the scenario. After the scenarios,

participants were given two free-text questions about what they

find motivating and demotivating in a motivational message.

2.6. Data preparation and analysis strategies

The data collected from the experiment was preprocessed by

(1) removing data from participants whose submissions were not

approved based on the earlier described criteria, and (2)

anonymizing the data. The data and analysis script are available

online (31) allowing to reproduce the analyses in a Docker

container as recommended for Bayesian analyses by van de

Schoot et al. (43).

We conducted a multi-level (i.e., hierarchical) Bayesian analysis

using version 2.13 of the rethinking package (44). We fitted a model

to a general mean, a random intercept for each participant, and a

fixed effect for tailoring using diffuse priors based on the ones by

McElreath (44).1 We fit a t-distribution to our output variable,

which is the perceived motivational impact of the messages. Using

a prior sensitivity analysis to assess the impact of different settings

for the priors, we found that the posterior probability of our main

hypothesis holding remained unchanged for the tested priors.

Based on the fitted model, we computed the posterior probability

that our hypothesis was true. More precisely, we calculated the

posterior probability that the fixed effect for tailoring was greater

than zero. This posterior probability was evaluated based on the

guidelines by Chechile (38) and their extension to posterior

probabilities of less than 0.5 by Andraszewicz et al. (45). We also

report the 95% Highest Posterior Density Interval (HPDI) for

estimators, with an HPDI being “the narrowest interval containing

the specified probability mass” (44).

In addition, we performed a thematic analysis (46) of

participants’ free-text responses about what they find motivating

and demotivating about motivational messages for physical

activity. After familiarizing herself with the data, RG created an

initial coding scheme and coded all responses according to this

scheme. This means that codes were largely created inductively.

To assess the reliability of the coding, KP was trained on 20

responses for motivating factors and 10 responses for

demotivating factors before independently coding all remaining

responses based on the coding scheme. Afterward, the coding

scheme was refined by RG and KP, and coding disagreements
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were resolved by means of discussion. The updated coding scheme

was thus developed by multiple researchers, which has been

described as a way to increase the validity of qualitative research

(47). To evaluate the reliability of this updated coding scheme,

we conducted a second round of double coding with NA. After

being trained on 20 responses each for motivating and

demotivating factors, NA coded all remaining responses. We

obtained fair to moderate agreement (34) based on a Cohen’s k

of 0.40 for motivating and 0.46 for demotivating factors. In our

analysis, we consider only those codes with at least moderate

agreement (i.e., a Cohen’s k of at least 0.41). For these codes that

we consider in our analysis, the agreement is substantial to

almost perfect based on a Cohen’s k of 0.69 for motivating and

0.81 for demotivating factors. The final coding scheme together

with the corresponding Cohen’s k values can be found in the

Supplementary Material.
3. Results

3.1. Perceived motivational impact of
tailored vs. generic messages

Figure 3A compares the sample motivational impact of the

two message types. It shows that the sample mean perceived

motivational impact is higher for tailored (M ¼ 2:33,

SD ¼ 2:11) than for generic messages (M ¼ 1:32, SD ¼ 2:29).

Quantifying this by means of our Bayesian analysis shows that

the perceived motivational impact of tailored messages is 1.02

(SD ¼ 0:13) scale points higher than the one of generic

messages. The corresponding 95%-HDPI ranges from 0.76 to

1.28, with >99.999% of the credibility mass favoring the higher

motivational impact of tailored messages (Figure 3B).

According to the guidelines by Chechile (38), this can be

qualified, or can be “bet on,” as our hypothesis being virtually

certainly true.
FIGURE 3

Perceived motivational impact of generic vs. tailored motivational messages
(B) Posterior density for the fixed effect of tailoring.
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3.2. Exploratory analysis: motivating and
demotivating factors of messages

We identified four themes describing what participants found

motivating and demotivating in a message (Figure 4).

Tailored or generic. The most frequent theme was whether a

message is tailored to a particular user’s situation, or contains

cliched, empty platitudes. Tailored messages were perceived as

motivating, with 17% of the responses about motivating factors

containing references to having personalized information in a

message. On the other hand, messages with empty, cliched

platitudes, or which conveyed a false sense of positivity, were

reported to be demotivating. 40% of the responses about

demotivating factors mentioned these attributes of generic

messages. This is also demonstrated by the answer of P56 when

asked about demotivating factors of a message: “If the message is

generalized, I would rather not hear it at all and have an

automated system, not a doctor, say it to me.” And when asked

about motivating factors, P56 said: “If the message is specific to

my own situation, so it seems more personal and tailored to

myself, I would hear it with greater care and would adopt it easier.”

Intention. The intention of the message is the primary

takeaway the message has. Encouraging and empathetic messages

were the most commonly mentioned motivating factors here,

appearing in 40% and 17% of the responses. On the other hand,

messages that focus on failures or missed goals (22%) or lack

empathy (10%) were seen as demotivating. P44 reported this

when asked about what motivates them: “It must have some kind

of encouragement for me, to make me understand that I can do

it and I have what it takes.” Notably, however, too much

empathy was also seen as demotivating by 7% of participants.

Goal-related information. Goal-related information

encompasses all information related to a user’s physical activity

goals. In motivating factors, the most commonly recurring sub-

themes in goal-related information were receiving information on

one’s progress toward a goal (20%), learning about the benefits
. (A) Sample motivational impact ratings for the two types of messages.
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Themes describing factors participants found motivating and demotivating in a message, along with a few illustrative responses.
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of physical activity (17%) as well as alternatives for goals and ways

to be physically active (17%), and setting personalized goals (10%).

Conversely, a demotivating factor was a lack of feedback regarding

goals (8%). P18, for example, reported this when asked about

demotivating factors: “A message would demotivate me by not

validating any progress made, not being understanding of my

needs and not providing alternative solutions to reach my goals.”

Message structure. The structure of the message, specifically

length and content style, was mentioned by a handful of

participants. The responses about the message structure were

conflicting, with short and long messages seen as demotivating in

an equal percentage of responses (3%). For instance, P36

reported this when asked about demotivating factors: “…i don’t

like long, misdirected messages.” P31, on the other hand,

mentioned the following: “It is short and not personal.

Completely random advice which does not help with my

problem.” Overall it thus seems that participants agreed on not

wanting generic, misdirected messages, and associated either

short or long messages with this. This matches the observation

that concise messages were seen as motivating.
4. Discussion

Based on 60 participants each rating the perceived motivational

impact of six generic and six tailored messages based on scenarios,

we find that messages tailored to a user’s mood, self-efficacy, and

progress are perceived as more motivating than generic ones.
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This is in line with existing work which shows that tailored

messages have modest success in motivating users in the context

of health behavior change (1–4). Our results also complement

existing research individually linking mood (48), self-efficacy

(28), and progress (5) directly to motivation.

The thematic analysis of the motivating and demotivating

factors of messages further revealed that motivation and de-

motivation had common but complementary themes. For

instance, goal-related information was a theme that was

discovered in both motivating and demotivating factors, where

participants found information about their progress and the

benefits of physical activity motivating. A less-frequently

mentioned factor was personalized goal-setting. On the other

hand, participants found a lack of feedback demotivating. These

results can be seen as validating the design of our messages, as

the inclusion of progress and feedback was a key component of

the design. Several of these themes have also been found in

previous qualitative studies on motivation for physical activity.

Kappen et al. (49), for instance, saw in the context of an eight-

week physical activity intervention for older adults that people

were motivated to do physical activity by “accomplishing a goal,”

which included being inspired by the in-app progress reports as

well as by hitting pedometer targets. And participants of the

physical and psychological intervention for breast cancer

survivors by Sebri et al. (50) were primarily motivated to engage

in physical activity by the benefits of physical activity such as

improving their physical well-being. The fact that not all of the

themes from previous studies on motivation for physical activity
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(e.g., enjoying outdoors (49)) appeared in our study suggests,

however, that what people find motivating in general and in

motivational messages may not necessarily be the same.

Furthermore, participants highlighted that messages pertaining to

their own situation (i.e., tailored messages) would be motivating,

whereas cliched, generic messages would be demotivating. It stands

to reason that motivating and demotivating factors are two sides of

the same coin. The observation that tailored messages are perceived

as motivating supports our quantitative findings as well as previous

qualitative findings on motivation for physical activity. Albers et al.

(51), for example, saw in the context of examples from other people

shown in a goal-setting dialog for physical activity that examples

from people that participants could relate to, and were thus

perceived as tailored to the participant, were perceived as motivating.
4.1. Limitations

The main limitation of our study is that participants rated the

perceived motivational impact of the messages for themselves if they

were the personas in hypothetical scenarios instead of in real

situations. To minimize the risk involved in the experiment such as

the risk of injury, and due to the restrictions around Covid-19, we

regarded the hypothetical scenarios as a good alternative to a real-

world evaluation. Such scenarios have, for example, also successfully

been used in studies by De Vries et al. (52) and Tielman et al. (13)

to evaluate tailored motivational messages. Nevertheless, it is unclear

how well our scenario-based findings generalize to other scenarios as

well as users who are themselves in the situations described by the

scenarios. To obtain a more accurate assessment of the messages’

motivational impact, the messages would ideally be shown to users

when they have made similar progress in their physical activity, or

have a similar mood or self-efficacy. Conducting such a study also

with other users besides crowd workers may further enhance the

generalizability of the findings.

Another limitation is that only the perceived motivational impact

of the messages was measured, and not the impact of the messages on

users’ physical activity. As stated in the COM-B model (30),

motivation is only one of the three predictors of behavior, with

opportunity and capability being the other two. Nevertheless,

motivation has been shown to be a good predictor of behavior

change (53–55), with the advantage of being easier to measure and

being less noisy of a signal than actual behavior. Notably, even

motivation can be talked about in terms of automatic vs. reflective

according to the COM-B model (30). In our study, we considered

solely reflective motivation, in which a user is actively and

consciously involved in motivation, as opposed to automatic

motivation, which is a result of impulsive, habitual, or drive-related

behavior. However, the messages could also affect automatic

motivation by, for example, influencing people’s self-identity (30).

Furthermore, our evaluation of the tailored motivational

messages was based on comparing them to expert-written generic

messages. Since the tailored messages tended to be more detailed

than the generic ones, it could be that the higher perceived

motivational impact of the tailored messages is partially due to

their higher level of detail or larger number of characters. To rule
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this out, one could compare tailored messages that match scenarios

to tailored messages that do not match scenarios. An example of

the latter is a message written for a confident persona being

evaluated on a scenario with a persona with low confidence.

However, given that congratulating a person with low confidence

for their high confidence is unlikely to be very motivating, we

regarded generic messages as a stronger baseline.
4.2. Directions for future work

This research could be extended by automatically detecting a

user’s state to tailor the messages and adapt content accordingly,

as has been done based on affect by Grawemeyer et al. (56) in

the context of student learning support. Similarly, Yang et al.

(57) used sensors to automatically detect negative affect and send

corresponding messages in the context of smoking cessation. To

obtain more effective motivational messages, users’ responses to

the messages could as a next step be recorded to learn what

kinds of messages users prefer. Current work on reinforcement

learning for determining the best time to send a message (58)

and adapting the framing of messages for inducing healthy

nutritional habits (59) makes the idea of tailoring messages by

automatically adapting to user state variables a feasible next step.

Second, our ontology and resulting message structure can be used

by developers of eHealth applications to automatically generate

messages, similar to the work by Tielman et al. (13), Ghosh et al.

(60) and Thomas et al. (14). For example, given a set of motivational

messages like ours, new messages can be generated by combining

the components from different messages. The fact that messages

written based on the ontology can be broken down into components

also makes it easier for future researchers to understand and

reproduce our work. With the ontology given, messages can be

obtained from crowd-workers as well, as demonstrated by De Vries

et al. (52), making message generation cheap as well as time- and

resource-efficient. Directly comparing different approaches to

generating tailored motivational messages in terms of time and

resource efficiency as well as effectiveness would also be worthwhile.

Thirdly, we only considered messages represented in text form.

However, other types of representation such as images (61), videos

(62), or even emoticons (63) are possible. For example, auditory

feedback was used in a study by Singh et al. (64) to motivate

people with chronic pain to be more physically active, and audio,

visual, and haptic representations of motivational messages were

proposed by Op den Akker et al. (27). Comparing how these

various types of representation affect motivation and behavior is

an interesting direction for future work. For instance, Symons

et al. (65) found based on an exploratory study that people

preferred GIFs over text reminders and pictures for being

motivated to take a brisk walk in a difficult moment. As with the

message content, the message representation could also be

automatically adapted based on user feedback.

A fourth direction for future work is to tailor the messages to

further factors besides mood, self-efficacy, and progress. In the

context of persuasive messages more generally, both other

dynamic factors (e.g., states derived from the COM-B model
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(17)) and more stable user characteristics (e.g., personality (18, 66),

cultural background (67), regional factors (68), age (18)) have been

shown to affect the effectiveness of different persuasive strategies.

As the number of factors increases, so does the cost of collecting

(expert-written or crowdsourced) messages tailored to these

factors. However, not all of these factors are equally relevant.

Albers et al. (20), for example, saw in the context of preparing

for quitting smoking that dynamic factors could better predict

people’s behavior after persuasive attempts than more stable user

characteristics. First gaining a thorough understanding of which

factors matter is thus important (20).
4.3. Conclusion

In conclusion, we provided a systematic theory-driven way to

generate structured motivational messages with the help of experts

that is feasible and can thus be used by developers of other eHealth

applications for behavior change. Based on a scenario-based

evaluation, we found credible support for our hypothesis that

messages tailored to mood, self-efficacy, and progress are perceived

as more motivating than generic messages in the context of physical

activity coaching. Testing the combination of mood, self-efficacy,

and progress as tailoring factors is completely new, to the best of our

knowledge. A thematic analysis of people’s free-text responses about

what they find motivating and demotivating about motivational

messages provided further support for the use of tailored

motivational messages, as well as messages that are encouraging and

empathetic, give feedback about people’s progress and mention the

benefits of physical activity. Our findings thus support the use of

motivational messages tailored to mood, self-efficacy, and progress

in eHealth applications for physical activity coaching. We share our

dataset of motivational messages that can be used during various

stages of a user’s physical activity intervention, along with a set of

scenarios containing the aforementioned user state.
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Background: An increasing number of mHealth interventions aim to contribute to
mental healthcare of which interventions that foster cognitive reappraisal may be
particularly effective.
Objectives: To evaluate the efficacy of mHealth interventions enhancing cognitive
reappraisal to improve mental health in adult populations.
Methods: The literature search (four databases) yielded 30 eligible randomized
controlled trials (comprising 3,904 participants). We performed a multi-level
meta-analysis to examine differences between intervention and comparator
conditions at post-intervention assessment. Moderator analyses were conducted
for potential moderator variables (e.g., type of comparators).
Results: Most interventions were CBT-based with other training components in
addition to cognitive reappraisal. We found preliminary evidence for a small to
medium effect favouring mHealth interventions to enhance cognitive reappraisal
over comparators, M(SMD) = 0.34, p= .002. When analysing single symptoms,
there was evidence for a small to medium effect of mHealth interventions on
anxiety and depressive symptoms, but not for psychological distress and well-
being. All analyses showed substantial heterogeneity. Moderator analyses
revealed evidence for more favourable effects in studies with passive
comparators. There was an overall high risk of bias in most of the studies.
Conclusions: We found preliminary evidence for a small to medium effect of
mHealth interventions including a cognitive reappraisal component to improve
mental health. However, most of the interventions were complex (i.e.,
reappraisal was provided alongside other components), which prevents us from
examining reappraisal-specific effects beyond general mental health promotion
in mHealth. Dismantling studies examining the effects of single intervention
components are warranted to corroborate these promising results.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=142149, identifier [CRD42019142149].

KEYWORDS
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Introduction

The high prevalence of mental disorders is a key challenge for

healthcare (1). Digital technologies such as mobile phones can

potentially improve the dissemination of evidence-based mental

health interventions (2, 3). Thus, numerous mobile-based

programs, also referred to as mobile health (mHealth)

interventions, were developed and distributed in the last years.

These aim at improving mental health and well-being or

reducing symptoms of mental disorders of their users. Using

mobile apps, trainings can easily be delivered to users in their

everyday lives and natural settings in a timely fashion (4).

mHealth apps can be implemented as stand-alone

interventions, that might also be used as easy-to-access self-help

programs. Alternatively, mHealth can be used as an add-on to

face-to-face treatments, e.g., for therapeutic guidance (2). Thus,

mHealth is an easily accessible, low-cost method that has the

potential to help overcoming supply gaps in mental healthcare

(5, 2, 6).

A number of clinical trials as well as recent systematic reviews

and meta-analyses pointed to an increasing importance of mHealth

interventions for mental health care and promotion (3, 7–12).

Those studies provided evidence for mHealth interventions being

feasible, acceptable, and effective in different populations and for

different purposes. In line with common classifications (13, 14),

mHealth interventions can be used in the following domains:

First, many mHealth interventions aim at reducing symptoms of

mental disorders (i.e., treatment) such as anxiety disorders and

depression (15–18, 11). However, not only patients with manifest

mental disorders can be targeted by mHealth interventions. For

at-risk groups, subpopulations, or the general community

mHealth interventions may also have the potential to prevent

mental disorders [i.e., prevention (19)] or to promote positive

aspects of functioning and well-being [i.e., mental health

promotion (20)]. Research focuses primarily on mHealth

interventions, which aim at reducing symptoms of mental

disorders (21, 9), but there is some evidence on the effects of

mHealth interventions for the general community (22, 20) which

highlights the benefits for a broader target group.

The increasing popularity of mHealth interventions to reduce

symptoms of mental illness as well as to promote mental health

claims for their critical evaluation to provide users with

effective and safe technologies. However, the scientific

evaluation of mHealth trainings is still in its beginnings and the

integration of scientifically validated theories and strategies into

mHealth interventions in order to maximize a favorable mental

health impact often remains unclear (23–25). For example, a

recent systematic review examined the extent to which

evidence-based contents are included in popular smartphone

apps for the treatment of depression and anxiety (26). The

study found that most of these apps included at least one

evidence-based treatment element. However, specific evidence-

based components were found rarely in those apps. Thus, there

is evidence for a gap between empirically supported treatment

components and the components used in mHealth
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interventions (26). Moreover, it becomes apparent that many

mHealth interventions are multi-component interventions (27).

They offer a range of components in combination with each

other, of which some are evidence-based whereas others are

not, which further complicates a statement on the effectiveness

of single components.

One of the above-mentioned evidence-based intervention

components is cognitive reappraisal, which pertains to modify

dysfunctional thoughts. Cognitive reappraisal is an emotion

regulation strategy that has been defined as creating alternative

appraisals or interpretations of a potentially emotion-eliciting

situation to change its emotional impact (28–30). As a strategy

of cognitive change, reappraisal can be achieved through

techniques of cognitive restructuring, reframing or

reinterpretation, which represent key tactics of cognitive

behavioral therapy [CBT (31, 32)].

Evidence comes from meta-analyses on the impact of

reappraisal on mental health: Cognitive reappraisal has been

found to be negatively correlated with symptoms of mental

distress (33–36) and positively with indicators of mental health

such as well-being (37, 35). Moreover, reappraisal appears to be

associated with successful coping and maintaining of well-being

when facing stressful events [i.e., resilience (38)]. Therefore,

cognitive reappraisal might be a valuable ingredient for all types

of mHealth interventions (treatment, prevention, or mental

health promotion).

It is well established that reappraisal processes play a central

role in the development and maintenance of mental illness, as

changing dysfunctional cognitions is essential to reduce

symptoms of mental disorders (31). Following a mechanistic

approach, reappraisal might be seen as an active therapeutic

mechanism. This means, that an effective psychological treatment

might enhance reappraisal skills of an individual, which in turn

contributes to symptom change (39). In line with this notion,

there is evidence from CBT-based interventions that changes in

symptom-related cognitions (i.e., reappraisal) mediate changes in

symptoms, for example of panic disorder (40) and post-traumatic

stress disorder [PTSD (41)].

On the other hand, research on the specific effects of

reappraisal components in CBT interventions is still ongoing.

Some mixed evidence is coming from research on the

effectiveness of specific intervention components in complex

CBT interventions. While some studies found no evidence for

specific effects of any components (42) or no additive effect of

reappraisal-related components (43, 44), Pompoli et al. (45)

found that cognitive restructuring components are associated

with the largest remission rates in panic disorder.

Notably, this research on reappraisal components does not

focus the setting of mHealth interventions. Therefore, it remains

unclear whether the advantages of mHealth, such as facilitating a

continuous training of cognitive reappraisal in everyday life at a

time, when a person needs support, can be put into practice.

Therefore, this systematic review and meta-analysis aims to

examine the efficacy of psychological mHealth interventions

comprising a component of cognitive reappraisal to enhance

mental health in clinical and non-clinical adult populations.
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Methods

A review protocol was registered with PROSPERO (ID:

CRD42019142149). The review is reported in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta-

analysis [PRISMA (46)]. We used the web-based platforms

Covidence (47) and Rayyan (48) for the screening process.
Search strategy

A comprehensive literature search in MEDLINE (via PubMed),

PsycArticles (via Ebscohost), Embase (via Ovid) and CENTRAL

was conducted (search starting from the incept of each database;

last update: March 7, 2022). The search process for this review

integrated search terms for several higher-level resilience

mechanisms identified in a landmark theory paper [(49); i.e.,

cognitive reappraisal, cognitive flexibility, extinction learning,

interference inhibition, and stress immunization]. Of these

resilience mechanisms, only cognitive reappraisal is relevant for

the present review. Records addressing other resilience

mechanisms than cognitive reappraisal were excluded throughout

the process of study selection to ensure sufficient comparability

of the included studies. The search strategy comprised four

clusters of search terms that were searched in title, abstracts and

(partly) in keywords: (1) cognitive reappraisal (e.g., cognitive

restructuring, emotion regulation); (2) intervention (e.g., training,

program); (3) mobile delivery [e.g., ecological momentary

intervention (EMI), mobile application] and (4) study design

[e.g., randomized controlled trial (RCT)]. Within clusters, search

terms were combined using the Boolean operator OR, while

clusters were linked using the operator AND. The search

strategies for all databases are presented in Supplementary

Material A.
Study selection

All identified records were screened by two independent

reviewers. First, clearly irrelevant records were excluded at title/

abstract level. Second, eligibility was assessed at full-text level

(kappa = .65), where we examined whether the mHealth

interventions contained at least one reappraisal-enhancing

component. For this purpose, we retrieved additional materials

(i.e., study protocols, websites, app store or play store entries)

related to the respective mHealth interventions, to gather

information on intervention components. Discrepancies were

resolved through discussion or by consulting a third author at

each stage, and consensus was achieved in all cases.
Eligibility criteria

Studies were eligible if they met the following criteria: (a) An

adult study sample (≥18 years) from a clinical or non-clinical
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population was assessed. (b) The intervention used mobile

devices (e.g., smartphones, tablets) to deliver intervention

components to participants in their everyday lives. We

considered stand-alone mHealth interventions as well as

interventions that included a mobile component as an adjunct to

other delivery formats (e.g., face-to-face). The examined

interventions did have to address cognitive reappraisal and

provide related techniques (e.g., cognitive restructuring; see

Supplementary Material B for more information). (c) Included

studies were RCTs, controlled trials (CTs), or cluster-randomized

trials with a comparison of the mHealth intervention against any

control group (e.g., wait-list control, no treatment control) or

any other treatment not comprising a cognitive reappraisal

component (e.g., face-to-face intervention, treatment as usual,

other mHealth intervention). (d) The studies assessed at least one

mental health outcome (primary outcome), that is, depressive

symptoms and anxiety symptoms, measures of general

psychological distress, and well-being outcomes (e.g., quality of

life). Secondary outcome was cognitive reappraisal. We

considered results of self-reported questionnaires, for example the

Patient Health Questionnaire [PHQ-9 (50)] for depression, or the

Cognitive Emotion Regulation Questionnaire [CERQ (51)] for

cognitive reappraisal, and clinician-administered interviews. (e)

Eligible studies were peer-reviewed publications published in

English.
Data extraction and coding

Two independent reviewers extracted relevant information of

the included studies using a predefined data extraction sheet. The

following information were extracted: (a) study details (e.g., first

author, publication year, country); (b) sample characteristics (e.g.,

sample size, mean age, gender balance); (c) intervention

characteristics (e.g., name of the mHealth intervention,

intervention length, availability of human support, proportion of

cognitive reappraisal); (d) study methods (e.g., design, type of

comparator); (e) mental health outcomes and measures.

For all included studies, we defined relevant intervention

arms and outcome measures. Arms comprising a mHealth

intervention with a cognitive reappraisal component were defined

as intervention group; other arms were defined as comparators.

For each study, all reported outcomes of interest for these

meta-analyses were considered. More details on data extraction

and coding (e.g., definition of availability of human

support, intervention type, intervention triggering as well as

proportion of cognitive reappraisal) are presented in

Supplementary Material B.
Quality and bias assessment

Risk of bias of primary studies
As only RCTs were identified, risk of bias was assessed

independently and in duplicate in the following domains using

the Cochrane Risk of Bias Assessment Tool 2 [RoB2 (52)]: (a)
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1253390
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Morello et al. 10.3389/fdgth.2023.1253390
bias arising from the randomization process; (b) bias due to

deviations from intended interventions; (c) bias due to missing

outcome data; (d) bias in measurement of the outcome; and (e)

bias in selection of the reported result. With one identified

crossover RCT, we proceeded according to the additional

considerations for crossover trials of the RoB2 tool. In addition

to bias ratings per domain, the overall risk of bias was assessed

at study level. Ratings could be “low” or “high” risk of bias or

express “some concern” (52). The interrater agreement was high

(96.2%), and all disagreements were resolved through discussion.

Publication bias
The potential impact of publication bias was examined by

using visual inspections of contour-enhanced funnel plots (53) as

well as by means of statistical analyses by approximating the

Begg Mazumdar rank correlation test (54). This test is not

available for multilevel meta-analysis but can be approximated by

including the sampling error as moderator variable to the main

analysis. In case the sampling error would significantly predict

study effect sizes, this can be interpreted as evidence of a non-

normal distribution of effect sizes and thus, suggest the presence

of a publication bias.
Data synthesis

Included studies were summarized narratively and in tabular

form. Pairwise meta-analyses (intervention vs. comparator) were

performed for primary outcomes if at least two studies were

available, and these were sufficiently homogeneous in terms of

intervention types and outcomes. For studies with multiple

intervention arms, it was determined which arm was most

relevant for this review. In case more than one arm was relevant,

these were averaged according to the recommendations of the

Cochrane Collaboration (55). For our meta-analyses, we included

multiple types of comparators (e.g., wait-list and active controls,

face-to-face interventions). However, we examined the impact of

this analytical decision by means of subgroup moderator analyses.

In case data needed for effect size calculation was missing or

ambiguous, study authors were contacted by the review team.

All statistical analyses were performed in R version 4.2.3 (56)

using the package metafor (57). As we expected relevant

between-study heterogeneity, all analyses used random-effects

models and maximum likelihood estimations.

As effect size measure, we used standardized mean differences

(SMDs, Hedges’ g) at post-intervention assessment and 95%

confidence intervals (CIs) as indicators of their significance.

SMDs were calculated based on the means, standard deviations

(SDs), or alternative statistical information (e.g., standard error),

with positive SMDs indicating a favorable effect of the

intervention over the comparator condition (i.e., better mental

health at post-intervention assessment). Moreover, as we

expected to find heterogeneous results, 95% prediction intervals

(PIs) were used to account for uncertainty of meta-analytical

findings (55). PIs provide an estimate of the interval in which

95% of future observations will fall. In line with previous
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recommendations, PIs were calculated when 10 or more effect

sizes were available per analysis (55).

Our main analysis aimed at answering the question of whether

there is an effect of mHealth interventions aiming to enhance

cognitive reappraisal on overall mental health. For this purpose,

we used a multilevel approach nesting effect sizes of mental

health indicators defined as primary outcomes within studies and

outcome types [i.e., depressive symptoms and anxiety symptoms,

measures of general psychological distress, and well-being (58)].

Thereby, our model allowed for correlations of effect sizes

coming from the same study as well as for correlations of effect

sizes coming from different studies but assessing the same

outcome type (e.g., depressive symptoms).

If a study used more than one questionnaire to assess an outcome

domain, for example the PHQ-9 and BDI-II (59) for depressive

symptoms, we used the questionnaire that was administered most

frequently across all studies in our analyses. In the few cases, where

outcome data were available for more than one time point after

the end of intervention, data of the post-intervention assessment

was used to ensure between-study comparability.

Additional analyses aimed at answering the question of

whether there is an effect of mHealth interventions aiming to

enhance cognitive reappraisal on specific symptom types (e.g.,

depressive symptoms) or mental well-being. For these analyses,

we used traditional meta-analyses for all primary outcomes.

Statistical heterogeneity was assessed using the Cochran’s Q

statistic (60), with a significant Q statistic indicating the presence

of heterogeneity. To further describe the amount of heterogeneity

in our analyses, we used the I2 statistics (range: 0%–100%), with

values of 50% and above indicating substantial heterogeneity

(55). As part of our multilevel approach, we estimated

heterogeneity related to between-study and between-outcome

differences separately (58).

We had planned several moderator analyses in advance (see

preregistration: CRD42019142149), which were also conducted due

to the substantial heterogeneity as indicated by the above-

mentioned indicators. All moderator analyses were performed

using the multilevel approach of our primary analysis. We used

meta-regressions for moderator analyses, that is, omnibus

moderation tests (QM) for categorical moderators (e.g., type of

comparator) and to examine the impact of continuous moderators

(e.g., sample mean age), with a significant QM test indicating the

presence of a moderator effect. In case of categorical moderators,

we obtained subgroup estimates from the multilevel model.

Moderator analyses were performed for sociodemographic sample

characteristics (i.e., mean sample age, and proportion of female

participants), year of publication, population type (clinical vs. non-

clinical population), proportion of cognitive reappraisal enhancing

components, intervention duration, intervention type (treatment

vs. prevention vs. mental health promotion), availability of

human support, stand-alone mHealth interventions vs. combined

interventions (e.g., mHealth intervention with face-to-face

sessions) and comparator type (passive vs. active control condition).

Sensitivity analyses were performed based on the multilevel

model used for primary analysis and examined the impact of

risk of bias (only for risk of bias domains with sufficient
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between-study variation), the inclusion of a crossover RCT for

which no ideal outcome data was available, and the impact of

considering studies in which the cognitive reappraisal condition

was defined as control condition by primary study authors.
Results

The literature search yielded 2,502 records after duplicates had

been removed for title/abstract screening (see Figure 1). Of these

records, 266 were assessed on the full-text level. Full-text level

screenings resulted in 30 studies (from 34 reports) that were

eligible for the review and included in the qualitative and

quantitative summary.
Study characteristics

Supplementary Material C provides an overview of the

characteristics of the 30 studies [corresponding to 34 reports
FIGURE 1

PRISMA flow diagram.

Frontiers in Digital Health 0533
(61–95)] comprising a total of 5,377 participants at baseline

(nIG = 2,697, nCG= 2,680). All studies were RCTs, including one

crossover RCT (72). They were all published recently (between

2014 and 2022). Ten studies were conducted in the United

States, five in Germany, three were from the Republic of Korea,

two from Iran and two from China, with the remaining studies

being from Canada, Australia, Japan, South Africa, Sweden,

Switzerland, Vietnam, and the United Kingdom.

The mean age of the participants ranged from 18.68 to 74.93

years. The mean percentage of female participants across all

studies was 68.51% (SD = 18.64) indicating an overrepresentation

of female participants. Most studies assessed non-clinical and/or

sub-clinical samples (n = 20), whereas samples of 10 studies were

clinical (i.e., referred to as patients).

Nevertheless, also in non-clinical samples, most of the

participants showed elevated symptoms of mental disorders

(15 out of 20 non-clinical samples) but were not referred to as

patients in a clinical setting and therefore classified as non-

clinical. In total, participants of 23 out of 30 studies showed at

least some elevated mental health symptoms. Sixteen studies
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1253390
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Morello et al. 10.3389/fdgth.2023.1253390
assessed participants with depressive symptoms, nine studies

reported on samples with anxiety or trauma-related symptoms,

and one study examined patients with schizophrenia,

schizoaffective disorder or bipolar I disorder (69). Six studies

reported on samples with somatic diseases, which were the

human immunodeficiency virus [HIV (94) epilepsy (61, 86),

irritable bowel syndrome (72), and cancer (70, 71)]. Two studies

assessed samples without any somatic or mental disease (63, 77).

In line with the notion that most samples showed symptoms of

mental disorders, the majority of studies (n = 23) mostly aimed

at reducing mental symptoms. Five studies were prevention

interventions and two studies focused on the promotion of

mental health. Most studies primarily aimed at reducing

depressive symptoms. Intervention duration ranged from 14 to

112 days (M = 54.57, SD = 26.63).

All mHealth interventions used smartphones and/or apps. For

some interventions, materials could alternatively be accessed via

computer or tablet, if preferred (66, 74, 86, 90). Within the

mHealth interventions, the full range of multimedia materials was

presented: Interventions used text-based elements combined with

other materials like voice mails (77), cartoons (81, 96), interactive

games (97, 90), and video material (66, 70). In addition to

educational intervention elements, all studies required active

engagement from the participants. Active engagement was

facilitated by various types of interaction with the app or the study

personnel, for example, diary entries of negative beliefs (93), multi-

step questions (73, 81), rating scales (69), or games (90). Some

studies were based on messenger apps (94), or integrated a chatbot

(89). The majority of studies (n = 22) did not provide human

support in addition to the mHealth intervention, while in eight

studies human guidance or feedback was available. Moreover, most

mHealth interventions (n = 23) were established in a stand-alone

manner without non-mHealth components. Most studies (n = 14)

delivered the intervention components on-demand, that is, the

training was available at any time throughout the study period.

Another five mHealth interventions prescribed a fixed schedule for

usage (e.g., three exercises per day) and one intervention triggered

participants (i.e., prompts to engage in exercises). Ten studies used

a combination of on-demand, fixed and triggered delivery.
FIGURE 2

Distribution of risk-of-bias ratings within each of five bias domains and overa
trials (RoB2) (52). All percentages are related to 30 studies (62 effect sizes) inc
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Most studies (n = 23) evaluated the mHealth interventions

against a passive comparator (i.e., wait-list, treatment as usual, no

intervention), whereas 14 studies used active comparators, with

most studies using a comparable mobile app with educational

material as active comparator. Seven studies assessed both, a

passive as well as an active control group.

Three studies (81, 77, 69) used clinician-administered

interviews for outcome assessment whereas the outcomes of the

remaining studies were self-reported. Depressive symptoms were

assessed in the majority of studies (n = 27). Nineteen studies

reported on anxiety symptoms, 14 studies on well-being, and two

on general psychological distress.
Implementation of cognitive reappraisal

All interventions were theoretically based on cognitive

behavioral therapy (CBT), cognitive theory (92), or cognitive

behavioral stress management [CBSM, (94)]. Most of the

identified mHealth interventions (n = 27) were multi-component

interventions, meaning that cognitive reappraisal was promoted

alongside other training components (e.g., behavioral activation).

There were three studies (67, 73, 92) solely focusing on cognitive

reappraisal. Supplementary Material D gives an overview of the

components of each study as well as the relative importance of

the cognitive reappraisal component in relation to the full

intervention. The proportion of cognitive reappraisal in the

interventions was relatively low (M = 28.27%, SD = 25.21).
Study quality

Risk of bias
There was an overall high risk of bias in 27 of 30 studies

(see Figure 2 and Supplementary Material E). Main flaws

(≥20% some concerns or high-risk ratings) across the included

studies and outcomes came from outcome measurement (89.7%,

i.e., most studies used self-report measures for outcome

assessment and participants were not blinded), deviations from
ll risk of bias according to the Cochrane risk-of-bias tool for randomized
luded in the review.
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FIGURE 3

Contour-enhanced funnel plot of the main analysis. Contour-enhanced funnel plots are used to highlight significance levels of each effect size in the plot
and allow to examine whether studies are missing in specific areas of the plot, that is, the non-significant areas or findings pointing to the opposite
direction. For the present analysis, the plot points to a mild publication bias with a relevant number of studies being at the significant side of the right
border region between the non-significant and significant area.
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intended interventions (53.3%), and missing outcome data (36.7%).

For the study with a crossover design (72), risk of bias arising from

period and carryover effects was low.

Publication bias
The meta-regression model provided evidence for a trend

towards an association of sample errors and effect size estimates

for the main analysis, QM(1) = 3.20, p = .074, that is, the effect

sizes are likely to violate the assumption of a normal

distribution. The visual inspection of the contour-enhanced

funnel plot suggested the presence of a mild publication bias (see

Figure 3), with effect sizes being more likely to fall into the right

significant border area of the funnel plot, while the number of

studies in non-significant areas was smaller.
Pairwise meta-analysis—intervention effect

Thirty studies [comprising 62 effect sizes from 9,458

observations of 3,904 participants (intervention: 4,692 observations

from 1,881 participants; comparators: 4,766 observations from

2,023 participants)] were included in our quantitative synthesis

(see Figure 4). Using a multilevel approach, we compared post-

intervention means across all mental health outcomes between

mHealth interventions to enhance cognitive reappraisal and any

comparator condition. Moreover, we examined group differences

of post-intervention means for single mental health indicators (see

Table 1). Across all mental health outcomes, we found evidence

for a small to medium effect favouring mHealth interventions to

enhance cognitive reappraisal over comparators, M(SMD) = 0.34,

95% CI [0.12, 0.56], p = .002, with considerable heterogeneity

between studies and mental health outcomes, Q(61) = 295.42, p

< .001; I2 = 86.5%. However, the majority of the total heterogeneity

was accounted for by between-study differences (I2 = 78.5%), while

only 8.0% originated from between-outcome differences. The
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presence of considerable heterogeneity was further supported by

the wide 95% PI covering small to medium adverse and large

favourable intervention effects.

When analysing single symptoms, there was evidence for a

small to medium effect of mHealth interventions to enhance

cognitive reappraisal on anxiety symptoms, M(SMD) = 0.33, 95%

CI [0.16, 0.50], p = .001, and depressive symptoms, M(SMD) =

0.51, 95% CI [0.30, 0.73], p = <.001. However, there was no

evidence in favour of mHealth interventions to enhance cognitive

reappraisal for psychological distress, M(SMD) = 0.20, 95% CI

[−0.25, 0.66], p = .380, and well-being, M(SMD) = 0.18, 95% CI

[−0.05, 0.42], p = .126. Overall, between-study heterogeneity was

considerable for all analyses (I2≥ 76.7%) except for the meta-

analysis on psychological distress (I2 = 60.6%), however, this was

based on only two studies.
Moderator analyses

Moderator analyses were performed for the main analysis

comprising all mental health outcomes.

Sociodemographic variables
We found no evidence for a moderating effect of mean sample

age, QM(1) = 1.34, p = .247, and proportion of female participants

per sample, QM(1) = 0.15, p = .698.

Year of publication
We found no evidence for an association of publication year and

effect size estimates, QM(1) = 0.01, p = .907, that is, more recent

mHealth interventions were not associated with larger effects.

Population type
We found no evidence for differences between intervention

effects in clinical (i.e., patients) and non-clinical populations,
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FIGURE 4

Forest plot of the multilevel meta-analysis (main analysis) comprising all mental health outcomes and traditional meta-analyses on single outcome categories.
Positive effect size estimates indicate favorable effects of an intervention (i.e., reductions of mental symptoms or increases in well-being). CI, confidence
interval; DF, degree of freedom; I2, heterogeneity index in percentage (range: 0%–100%); Q, Cochran’s Q statistic with p value.
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QM(1) = 0.27, p = .602 (see Table 2). Further, there was no evidence

for differences in effects between populations with elevated

symptoms of mental disorders compared to populations without

symptoms of mental disorders (See Supplementary Material F).
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Intervention type
As not enough studies in the category mental health

promotion (n = 2) were available, we performed the moderator

analysis only for treatment vs. prevention. We found no
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TABLE 1 Results of main analyses (multilevel and traditional meta-analyses) for primary outcomes comparing mHealth interventions to enhance
cognitive reappraisal with comparator conditions.

Confidence
interval

Prediction
interval

Analysis n k M(SMD) 95%l 95%u 95%l 95%u p Q df p(Q) I2

(I2S, I
2
O)

Mental health (ML) 30 62 0.34 0.12 0.56 −0.54 1.23 .002 295.42 61 <.001 86.5
(78.5, 8.0)

Anxiety symptoms (T) 19 19 0.33 0.16 0.50 −0.31 0.96 <.001 61.38 18 <.001 76.7

Depressive symptoms (T) 27 27 0.51 0.30 0.73 −0.53 1.55 <.001 159.91 26 <.001 89.6

Psychological distress (T) 2 2 0.20 −0.25 0.66 – – .380 2.54 1 .111 60.6

Well-being (T) 14 14 0.18 −0.05 0.42 −0.62 0.99 .126 54.59 13 <.001 82.8

The multilevel meta-analysis on mental health indicators included anxiety symptoms, depressive symptoms, psychological distress, and well-being. For all outcomes, SMDs

were calculated in a way that positive values indicate favorable effects of an intervention (i.e., reductions of mental symptoms or increases in well-being).

Df, degrees of freedom; I2, heterogeneity index in percentage (range: 0%–100%); I2S, heterogeneity accounted for by between-study differences; I2O, heterogeneity

accounted for by between-outcome differences; k, number of effect sizes; ML, multilevel meta-analysis, n, number of studies; Q, Cochran’s Q statistic with p value;

SMD, standardized mean difference; T, traditional meta-analysis; 95%l, lower boundary of the 95% confidence/prediction interval; 95%u, upper boundary of the 95%

confidence/prediction interval.

TABLE 2 Results of the moderator analyses for categorical moderators.

Analysis n k M(SMD) 95%CIl 95%CIu p

Population type
Clinical populations 10 22 0.28 −0.04 0.60 .083

Non-clinical populations 20 40 0.37 0.12 0.63 .004

QM(1) = 0.27, p = .602

Intervention Type
Treatment 23 45 0.39 0.12 0.65 .004

Prevention 5 11 0.19 −0.25 0.64 .397

QM(1) = 0.73, p = .394

Availability of human support
Human support available 8 16 0.50 0.15 0.85 .005

No human support available 8 22 0.28 0.03 0.52 .026

QM(1) = 1.36, p = .243

Stand alone vs. combined
Stand alone 7 9 0.37 0.14 0.61 .002

Add-on 23 53 0.23 −0.16 0.61 .254

QM(1) = 0.49, p = .484

Control Condition
Active comparator 14 30 0.13 −0.12 0.39 .316

Passive comparator 23 45 0.44 0.21 0.68 <.001

QM(1) = 11.90, p = .001

Results for the categorical moderator variables in the multilevel model including all

outcomes, i.e., anxiety symptoms, depressive symptoms, psychological distress, and

well-being. Again, positive SMDs indicate positive intervention effects. We present

results of omnibus moderator tests (i.e., QM test) along with estimates per

subgroup (obtained from the multilevel model). To note, for the moderator

analysis on control condition, we included all effect sizes reporting on active and

passive comparators separately (nested within studies), thus, the number of effect

sizes included in this analysis exceeds the number of effect sizes included in the

main analysis. Further, the subgroup mental health promotion contains only two

studies and was left out from the analysis on intervention type. Therefore, the

number of studies in the moderator analysis is lower than in the main analysis.

QM(df), omnibus moderator test with degrees of freedom; k, number of effect

sizes; n, number of studies; SMD, standardized mean difference, 95% CIl, lower

boundary of the 95% confidence interval; 95% CIu, upper boundary of the 95%

confidence interval.
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evidence for differences between intervention effects in

treatment and prevention interventions, QM(1) = 0.73, p = .394

(see Table 2).
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Proportion of cognitive reappraisal component
We found no evidence for interventions comprising a higher

proportion of cognitive reappraisal to be associated with larger

intervention effects, QM(1) = 0.02, p = .896.

Intervention duration
We found no evidence for more intense interventions, that is,

interventions with more days, being associated with larger

intervention effects, QM(1) = 0.39, p = .533.

Availability of human support
There was no evidence for a moderator effect of the availability

of human support, QM(1) = 1.36, p = .243 (see Table 2).

Stand-alone versus combined interventions
Also when comparing stand-alone mHealth interventions with

combined interventions (e.g., mHealth intervention with face-to-

face sessions), we found no evidence for a moderator effect,

QM(1) = 0.49, p = .484 (see Table 2).

Control condition
There was evidence for a moderator effect of the type of

comparator condition (i.e., passive vs. active comparators) QM(1) =

11.90, p = .001. While studies using passive comparators provided

evidence for a small to medium favourable effect of interventions

with a cognitive reappraisal component, there was no evidence for

a favourable effect when active comparators were used (see Table 2).
Sensitivity analyses

Risk of bias
We re-estimated our main analysis on mental health outcomes

excluding effect sizes rated to be at least “at some concern” for

risk of bias in different domains (see Supplementary Material E

for detailed results). Excluding all effect sizes being at least at

“some concern” regarding the randomization process, the analysis
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TABLE 3 Results of main analysis excluding effect sizes rated to be at least “at some concern” for specific risk of bias domains.

Confidence
interval

Prediction
interval

Risk of bias domain n k M(SMD) 95%l 95%u 95%l 95%u p Q df p(Q) I2

(I2S, I
2
O)

Randomization 18 38 0.42 0.13 0.70 −0.70 1.53 .004 195.24 37 <.001 92.1
(89.8, 2.4)

Deviations from intended intervention 14 31 0.47 0.10 0.84 −0.74 1.68 .014 186.22 30 <.001 94.2
(84.4, 9.8)

Missing outcome data 19 39 0.42 0.11 0.74 −0.75 1.60 .009 245.10 38 <.001 93.1
(86.7, 6.5)

Outcome measurement 4 8 0.23 −0.12 0.59 – – .202 53.95 7 <.001 86.4
(86.4, 0)

Selective reporting 26 55 0.35 0.10 0.59 −0.53 1.00 .005 285.21 54 <.001 61.5
(55.9, 5.6)

The multilevel meta-analysis on mental health included anxiety symptoms, depressive symptoms, psychological distress, and well-being. Effect-sizes that were at least ‘at

some concern’ for the respective bias domain were excluded from these analyses. For all outcomes, SMDs were calculated in a way that positive values indicate favorable

effects of an intervention (i.e., reductions of mental symptoms or increases in well-being).

Df, degrees of freedom; I2, heterogeneity index in percentage (range: 0%–100%); I2S, heterogeneity accounted for by between-study differences; I2O, heterogeneity

accounted for by between-outcome differences; k, number of effect sizes; ML, multilevel meta-analysis, n, number of studies; Q, Cochran’s Q statistic with p value;

SMD, standardized mean difference; T, traditional meta-analysis; 95%l, lower boundary of the 95% confidence/prediction interval; 95%u, upper boundary of the 95%

confidence/prediction interval.
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yielded similar results,M(SMD) = 0.42, 95% CI [0.13, 0.70], p < .001.

The same applied to analyses excluding effect sizes with at least some

concerns in the domains of deviation from intended intervention,

missing outcome data, and selective reporting. An analysis based

on eight effect sizes at low risk for bias for outcome assessment

provided no evidence for a favourable effect of mHealth

interventions to enhance cognitive reappraisal, M(SMD) = 0.23,

95% CI [−0.12, 0.59], p = .202 (see Table 3).

Crossover RCT
We included a crossover RCT in our main analysis for which

no ideal outcome data was available. However, in- and excluding

this trial left our results largely unchanged, M(SMD) = 0.37, 95%

CI [0.17, 0.56], p < .001, as evidenced by overlapping confidence

intervals.

Condition labelling in primary studies
In a few cases, we included conditions as intervention group

that were labelled as control conditions by primary study

authors. Excluding these studies from our main analysis left our

results unchanged, M(SMD) = 0.36, 95% CI [0.14, 0.58], p = .002.
Discussion

Main findings

With this systematic review and meta-analysis, we aimed to

evaluate the efficacy of mHealth interventions comprising a

component of cognitive reappraisal to enhance mental health.

mHealth interventions are popular and an increasing number of

programs aiming at reducing mental symptoms, preventing

mental disorders, or promoting mental health become available

for users. Nevertheless, the scientific evaluation of effective

components is still in its beginnings. Therefore, we aimed to
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contribute to close this gap. We followed a mechanistic approach

assuming that cognitive reappraisal, as an evidence-based

therapeutic mechanism, might be a particular promising target of

mHealth interventions.

During the process of study selection, it became evident that

cognitive reappraisal is usually included in multi-component

mHealth interventions. This means that reappraisal is one of

many mHealth intervention components (e.g., behavioral

exercises, psychoeducation). Only three of 30 identified studies

exclusively focused on the promotion of reappraisal. Thus, this

review and meta-analysis cannot provide evidence on the effects

of single-component reappraisal mHealth interventions as

initially intended. However, the present review provided an

evidence synthesis on complex mHealth interventions including a

reappraisal component.

In our main analysis, we included 62 effect sizes of 30 studies.

We found evidence for a small to medium overall effect favoring

mHealth interventions to enhance cognitive reappraisal over

comparators across all mental health outcomes. Analyses

considering single symptoms (i.e., anxiety, depression,

psychological distress, and well-being) revealed a more

differentiated picture. Small to medium effects in favor of

mHealth interventions were found for depressive and anxiety

symptoms, but there was no evidence for an effect on well-being

and general psychological distress. Notably, we identified only

two studies with outcomes of general psychological distress. This

means that mHealth interventions might be beneficial for the

reduction of depressive and anxiety symptoms only and do not

succeed in the improvement of positive indicators of mental

health, such as well-being.

The detected effect sizes are comparable to recent meta-

analyses that found evidence for small to medium effects of

mHealth interventions on depression (15, 17) and anxiety (16).

Even though the meta-analysis revealed a significant overall

effect of complex mHealth interventions including a cognitive
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reappraisal component on mental health, moderator analyses

provided a more nuanced picture with favorable effects only

being found when interventions were compared with passive but

not active controls. In line with other meta-analyses of mHealth

interventions (15, 16), this result suggests that the use of a digital

device itself may provide psychological benefits. In this regard,

the concept of a digital placebo effect has been proposed (98).

Thus, the favorable overall intervention effect may reflect the

rather unspecific effect of mHealth interventions.

We also investigated various other moderator variables (e.g.,

sociodemographic variables, availability of human support), but

none of them reached significance. This indicates that complex

mHealth interventions including a cognitive reappraisal

component may be applicable to a broad range of users and a

variety of intervention features.

Notably, we did not find evidence for mHealth interventions

including cognitive reappraisal to be more effective when used to

reduce mental symptoms compared to mHealth programs with a

preventive focus. However, only a small amount of mHealth

interventions with a focus on the prevention of mental disorders

or mental health promotion were eligible for our systematic

review. This is in line with findings from similar fields showing a

strong focus on symptom reduction with limited evidence

available for mental health promotion and prevention programs

(99). Mostly, mHealth interventions targeted individuals with (at

least) elevated symptoms of mental disorders, meaning that

cognitive reappraisal was used for symptom reduction. The

effectiveness of cognitive reappraisal components in mHealth

interventions for more general population samples (i.e.,

prevention of mental disorder or mental health promotion) need

further research. This ties in with an overall need for intensified

research in the areas of mental health promotion and prevention

of mental disorders (100).

In contrast to our expectations, we found no evidence for

mHealth interventions with larger proportions of reappraisal

promotion being associated with larger intervention effects.

Consequently, we did not find evidence for a dose-response

relationship between reappraisal proportion and intervention

effects. First, this finding might be explained by the small

proportion of cognitive reappraisal in most of the interventions

(70% of the mHealth interventions included 20% or less

reappraisal training). Second, we calculated the relation of the

reappraisal-component relative to the total number of

intervention components as the best available proxy for the

intensity of reappraisal training. However, this might only

insufficiently capture the intensity of reappraisal training. For

example, a mHealth intervention containing one module on

cognitive reappraisal next to a second module has a reappraisal-

proportion of 50%. However, having less training modules might

not automatically result in a more intense, and in turn, effective

reappraisal training. Insufficient reporting of intervention details

in the included primary studies prevented a more elaborated

analysis.

The absence of a specific effect of cognitive reappraisal

components might be interpreted with regard to the usefulness

of cognitive reappraisal itself. Some authors have started to
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question the usefulness of cognitive reappraisal for regulating

negative emotions in comparison to other emotion regulatory

and cognitive mechanisms in the past (101, 102). For example,

an individual participant data component network meta-analysis

(cNMA) of internet-based CBT trials for depression resulted in

no additive effect of cognitive restructuring components (43).
Limitations

Our review should be interpreted in the light of its limitations.

First, the included studies are limited to interventions that are

provided via mobile devices such as smartphones. Therefore, we

can only draw conclusions on the efficacy of cognitive reappraisal

in the specific setting of mHealth and one should not generalize

the findings to, for example, any digital intervention or face-to-

face settings. This implies that the small effects of complex

mHealth interventions including a cognitive reappraisal

component might be not because of the impact of reappraisal

itself but arise from problems with the mobile delivery. A

training of cognitive reappraisal might be better addressed in

face-to-face settings than in mHealth interventions, for example

because the commitment to the intervention and participants’

willingness to engage in cognitive, sometimes challenging

exercises might be more successful when supported and

encouraged by a human being. Even if the use of mobile devices

offers novel possibilities for encouragement and individualization,

smartphones may sometimes fail to reach the individual and to

consolidate reappraisal skills as a long-term engagement is often

lacking. However, we cannot make a statement on the

participants’ compliance in the included mHealth interventions

as data on compliance were provided rarely in the studies and

were not eligible for analyses.

Moreover, during the selection process, it became apparent that

many studies failed to report sufficient intervention details (i.e.,

training content). We can therefore not rule out that we missed

mHealth interventions that have used cognitive reappraisal

training but failed to report it explicitly. Vice versa, we might

have overrated reappraisal in some studies because we classified

studies as reappraisal intervention even if the reappraisal training

was part of a complex intervention. Studies might also be

heterogeneous regarding their reappraisal training components in

terms of schedule and content. We might have also missed

eligible studies that are ongoing or unpublished as we focused

the literature search on electronic databases and did not check

for grey literature or perform citation searching. Moreover, our

literature search ended in March 2022 and was not updated,

which might have resulted in some publications being not

included in our analyses. Thus, future systematic reviews will

have to update our findings based on a larger number of primary

studies.

Further, there are limitations that originate from the included

studies. The reviewed studies were mainly multi-component

interventions, which might include active intervention

components next to cognitive reappraisal. Thus, the reviewed

studies did not allow us to draw conclusions about a reappraisal-
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specific intervention effect. In addition, information whether

participants acquired reappraisal skills are lacking. We could not

analyze intervention effects on reappraisal because the included

studies did not evaluate reappraisal-specific outcomes. Thus, we

cannot answer the question of whether the included

interventions in fact enhanced cognitive reappraisal.

The risk of bias assessment points towards a high risk of bias in

most of the included studies. This is due to the fact that outcomes

in the studies were assessed using self-report measures and

participants were aware of group assignment.
Implications and future research

Even in the light of the limitations outlined above, our findings

have important implications for future research on mHealth

interventions. First, more research evaluating the effects of

reappraisal training via mHealth interventions are required.

These are mHealth interventions consisting of an isolated

training of cognitive reappraisal as well as trials with cognitive

reappraisal specific outcomes. Moreover, it is important to

examine whether cognitive reappraisal or its combination with

other intervention components are superior in the promotion of

mental health. A promising approach are dismantling studies, in

which full mHealth interventions are experimentally compared

with a disentangled variation of the same intervention that omits

cognitive reappraisal. These studies can lead to evidence on the

specific effects of single intervention components, i.e., cognitive

reappraisal, and advance the research on the mechanisms of

therapeutic change in mHealth interventions. Second, research

on the effects and usability of mHealth interventions enhancing

cognitive reappraisal skills in the real-world (i.e., effectiveness

studies) should be expanded. Third, meta-analyses on individual

participant data could consider Level 1-moderators (e.g., age,

symptom severity) with greater statistical power, which may

allow for future tailoring of interventions.
Conclusion

Our findings provide insights into the implementation and use

of cognitive reappraisal training modules in mHealth interventions.

Training components related to the enhancement of cognitive

reappraisal have gained scientific interest in the last years and are

implemented in apps and other mHealth formats for various

population groups. As expected, it turned out that most of the

identified mHealth interventions were multi-component

interventions, in which cognitive reappraisal was promoted

alongside multiple other components. We found first evidence

for a small to medium favorable effect of these complex mHealth

interventions that included a component of cognitive reappraisal

on mental health. The favorable effects were found only when

mHealth interventions were compared with passive but not active

controls. There was also no evidence for a dose–response effect

of reappraisal. Thus, our findings suggest that favorable effects

may arise mainly from unspecific beneficial effect of mHealth
Frontiers in Digital Health 1240
interventions. Consequently, high-quality dismantling studies

examining the effects of single intervention components are

warranted to corroborate and further evaluate active therapeutic

mechanisms in mHealth interventions such as cognitive

reappraisal.
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Background: This review focuses on studies about digital health interventions in
sub-Saharan Africa. Digital health interventions in sub-Saharan Africa are
increasingly adopting gender-transformative approaches to address factors that
derail women’s access to maternal healthcare services. However, there remains
a paucity of synthesized evidence on gender-transformative digital health
programs for maternal healthcare and the corresponding research, program and
policy implications. Therefore, this systematic review aims to synthesize
evidence of approaches to transformative gender integration in digital health
programs (specifically mHealth) for maternal health in sub-Saharan Africa.
Method: The following key terms “mobile health”, “gender”, “maternal health”,
“sub-Saharan Africa” were used to conduct electronic searches in the following
databases: PsycInfo, EMBASE, Medline (OVID), CINAHL, and Global Health
databases. The method and results are reported as consistent with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses). Data
synthesis followed a convergent approach for mixed-method systematic review
recommended by the JBI (Joanna Briggs Institute).
Results: Of the 394 studies retrieved from the databases, 11 were included in the
review. Out of these, six studies were qualitative in nature, three were randomized
control trials, and two were mixed-method studies. Findings show that gender
transformative programs addressed one or more of the following categories: (1)
gender norms/roles/relations, (2) women’s specific needs, (3) causes of gender-
based health inequities, (4) ways to transform harmful gender norms, (5)
promoting gender equality, (6) progressive changes in power relationships
between women and men. The most common mHealth delivery system was
text messages via short message service on mobile phones. The majority of
mHealth programs for maternal healthcare were focused on reducing
unintended pregnancies through the promotion of contraceptive use. The most
employed gender transformative approach was a focus on women’s specific
needs.
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Conclusion: Findings from gender transformative mHealth programs indicate
positive results overall. Those reporting negative results indicated the need for a
more explicit focus on gender in mHealth programs. Highlighting gender
transformative approaches adds to discussions on how best to promote
mHealth for maternal health through a gender transformative lens and provides
evidence relevant to policy and research.

Systematic review registration: PROSPERO CRD42023346631.
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Introduction

At the 71st World Health Assembly in 2018, resolutions on

digital health underscored the need for digital health to not only

enhance existing health service delivery models but to also

contribute towards achieving health equity including gender

equality (1). Precedents on gender integration in women’s health

were set in the 1990s and addressed the broad category of health

issues that are unique to women such as maternal health and

health issues that may manifest differently in women than men

such as heart diseases. Significant global gatherings such as the

International Conference on Population and Development and the

World Conference on Women in Beijing recognized gender

inequality as a critical factor influencing health, particularly for

women who face disproportionate disadvantages in health

outcomes (2, 3). Women face unequal access to healthcare

resources and bear the burden of gender stereotypes that are

perpetuated through health policies and programs, this had

resulted in inadequate or inappropriate services for women (2–4).

Targeting gender attitudes and norms is an important part of the

broader strategy to achieve the sustainable development goals, but

explicit attention to gender is often missing in health programming.

Aligned with sustainable development goal (SDG) 5 which aims

to Enhance the use of enabling technology, in particular information

and communications technology, to promote the empowerment of

women, digital health is showing the potential to drive gender

equality by reducing unequal access to and use of healthcare services

(5). The field of digital health focuses on the use of information and

communication technologies systems or channels, software, and data

to improve health and wellness (6). While the healthcare

transformations brought about by digital health are fundamentally

technological, digital health also transforms the social, economic,

and political context within which they occur (7, 8). Therefore,

digital health programs must foreground the voices and realities of

users, especially marginalized populations in their program design

and delivery. Digital health has been incorporated across the

pregnancy care continuum in efforts to address social determinants

of health, improve the quality of care and ensure positive maternal

health outcomes (9–11). However, to achieve meaningful impact,

gender and digital inclusion must remain a priority in developing,

implementing and evaluating digital health programs. Women, who

are often the target groups for maternal health programs, are not
0245
homogenous. Their social, cultural and structural context will differ

based on the relationships that govern their everyday lives (7).

Barriers brought about by gender dynamics have demand and

supply-side implications for women’s participation in digital health

for maternal healthcare. On the demand side, for example, the

gender divide in mobile phone ownership or unfavourable

community and cultural preferences, attitude, and norms around

women’s participation in digital health can impede women’s

participation in digital health and even exacerbate existing

inequalities in access to digital health services (12, 13). On the

supply side, breaches of confidentiality of women’s health data on

digital health programs or culturally insensitive digital health

programs are detrimental to women’s participation in digital health

(14, 15). These implications demonstrate the importance of sex and

gender considerations in digital health programming especially for

maternal health. Considering gender in and of itself is not sufficient

because some pathways to gender consideration in health can

exploit or accommodate harmful gender norms rather than

transform them. Figure 1 depicts different types of gender inclusion

strategies and serves as a guide for discussions on the implications

of these strategies on gender equity outcomes.

Gender-blind health programs have no gender considerations,

they ignore gender norms and relations and consequently risk

reinforcing gender-based discrimination, biases, and stereotypes.

Gender-aware programs, on the other hand, acknowledge gender

norms and adopt an approach along a continuum as follows: First,

gender exploitative approaches intentionally or unintentionally take

advantage of gender inequalities to advance program outcomes

thereby exacerbating gender inequalities; Second, gender-

accommodating programs acknowledge but circumvent gender

inequalities to achieve program outcomes; Third, gender

transformative approaches in health programming aim to change

gender power dynamics and/or reduce gender gaps in access to

resources to achieve equitable gender norms and dynamics (16–18).

Such gender-informed implications are integral to understanding

how to approach health intervention efforts for maternal health.

The need for gender transformative approaches in health

programming is increasingly highlighted in global health

research, especially as it pertains to maternal healthcare (4, 19).

This need recognizes gender as a key determinant of maternal

health and acknowledges that women and girls are

disproportionately disadvantaged in health outcomes. Gender
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FIGURE 1

Gender integration continuum.
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transformative approaches in non-digital health programs have been

shown to be effective in improving maternal health. For example,

integrating gender-specific differences in health promotion

measures across sub-Saharan Africa led to shifts in gendered

attitudes and behaviours which in turn improved maternal health

outcomes (4). In Rwanda, an intervention that tackled inequitable

power dynamics within heterosexual relationships saw increased

modern contraceptive use among women and increased men’s

engagement in pregnancy care (20). In Uganda, a gender

transformative approach to prevent violence against women and

prevent HIV risk saw shifts in deeply entrenched attitudes on

inter-partner violence among men and women (21).

Digital health interventions in sub-Saharan Africa are also

adopting gender transformative approaches to address factors that

derail women’s access to maternal healthcare services. For

instance, in Kenya, a mHealth program identified a digital divide

within their target population and implemented strategies to

improve women’s digital access to quality maternal health services

(22). Their strategies included the provision of inexpensive mobile

phones, digital literacy for women, and working with men and the

community to address negative social norms that restrict women’s

access to digital technology. In Nigeria, studies showed that

addressing women’s specific needs such as increased access to

required technology improves women’s participation in digital

health programs and maternal health outcomes (23, 24).

Identifying such gender transformative approaches will inform

policy and enhance best practices for gender integration in digital

health. However, there remains a paucity of synthesized evidence

on gender transformative considerations being made in digital

health programs for maternal healthcare in sub-Saharan African

contexts and the corresponding research, program and policy

implications. Therefore, this systematic review aims to synthesize

evidence of approaches to transformative gender integration that

address gender inequality in mHealth for maternal health in sub-

Saharan Africa. Addressing gender inequality in health

programming is conceptualized as a gender-transformative

approach. This review adopts the definition offered by the World
Frontiers in Digital Health 0346
Health Organization (WHO) and interprets a gender-

transformative digital health program as one that “addresses the

causes of gender-based health inequities through approaches that

challenge and redress harmful and unequal gender norms, roles,

and power relations that privilege men over women (18) (p. 136)”.

This systematic review will address the following questions:

1. How are mHealth interventions for maternal health in sub-

Saharan Africa adopting gender transformative approaches?

2. To what extent are gender-transformative interventions

positively impacting maternal health outcomes?
Method

This review has been registered on PROSPERO with the

registration ID CRD42023346631. A review protocol for this

review was not prepared. The reporting of this review follows the

guidelines outlined in the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA 2020)

statements (25) (Supplementary File S1). We took a systematic

approach to identify peer-reviewed articles where a mHealth

intervention for maternal health was designed and implemented

in a sub-Saharan African country. Studies were identified by

searching for articles published between 2010 and 2021. Date

limits were set in congruence with the widespread adoption of

digital health foundations (such as programs, strategies and

policies) across sub-Saharan African countries (26).
Eligibility criteria

We sought to identify studies reporting primary evidence

regarding digital health for maternal healthcare, thus, we

included research that examined the implementation, distribution

and evaluation of digital health programs for maternal

healthcare. We included peer-reviewed journal articles without
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restrictions on the study type therefore quantitative, qualitative,

and mixed-method studies were included. Maternal health refers

to the health of women during pregnancy, childbirth and the

postnatal period, therefore our targets were programs or

interventions aiming to improve the uptake of services during

pregnancy, childbirth, and post-partum follow-up which also

reported gender transformative considerations such as

consideration for gender roles. We also sought out studies that

were conducted in a sub-Saharan country and limited the

language to English due to the authors’ language proficiencies.

We focused on studies that targeted women and/or men as end

users, therefore studies targeting healthcare workers were excluded.

We also excluded studies whereby mobile devices were only used

for data collection purposes because we wanted the focus to be

on devices used for intervention purposes. We did not include

studies that were discussing the literature for the purpose of

theory building or critique. The inclusion and exclusion table is

available as a supplementary document (Supplementary File S3).
Search strategy

Five databases were searched from 2010 to September 2021.

The databases are PsycInfo, EMBASE, Medline (OVID),

CINAHL, and Global Health. We conducted test searches

between September 2020-December 2020 and iteratively adjusted

and refined the search strategy. We conducted initial searches in

February 2021 and updated them in September 2021. Examples

of search terms included “mobile health”, “gender”, “maternal

health”, and “sub-Saharan Africa”. We also used synonyms,

truncations, and wildcards. The electronic search strategy for the

Medline (OVID) database is available as a supplementary

document (Supplementary File S2).
Data extraction and appraisal

Studies included in this review were independently screened by

two reviewers (OU and OO). The software Covidence (27) was

used to organize and screen each study’s title and abstract. The

two reviewers subsequently conducted full text reviews of the

selected studies. They assessed and resolved conflicts jointly or in

consultation with the third author (SY). The two reviewers

extracted the relevant data using a data extraction form

developed purposely and piloted prior to review. Relevant data

from quantitative and qualitative studies were collated and

reported on the form. Relevant information included study

design, type of mHealth intervention, study aim, intervention

outcomes, findings, and limitations. We illustrated gender

transformative approaches by adapting the definition of gender

transformative programming into six categories as provided by

WHO (18), they included ways in which programs; (1) consider

gender norms/roles/relations, (2) consider women’s specific

needs, (3) address the causes of gender-based health inequities,

(4) include ways to transform harmful gender norms, (5) seek to

promote gender equality, (6) have strategies to foster progressive
Frontiers in Digital Health 0447
changes in power relationships between women and men. We

were also open to including relevant data that did not fall within

the WHO’s definition, but we were able to align the extracted

information with the predefined categories. See Table 1 for

gender consideration categories.

The reviewers appraised the quality of the manuscripts using the

Mixed Methods Appraisal Tool (MMAT) (40). This tool enabled the

appraisal of different classes of research including quantitative

research, qualitative research, and mixed-method studies. In

assessing the methodological quality of data, the tool examines the

appropriateness of data collection methods, the concurrency

between the study aims and data collection methods, the sample

choice and the interpretation of results. We did not exclude articles

based on quality scores alone because critically appraising mixed

research studies remains controversial given the complexities

involved (41–43). We, however, adhered to recommendations by

Hong et al. (40), whereby studies not meeting the screen criteria

(Supplementary File S1 and S2) were not considered appropriate

for appraisal. All 11 studies passed the screening. For each study

design, scores were allotted percentages based on a methodological

scoring system where possible items are divided by affirmative

items (44, 45). Quality scores of each study were classified as weak

(<50%), moderate (50%–80%) and strong (>80%). Screening

questions were not allotted percentages. While Hong et al., (40)

discourage an overall calculation of scores using the MMAT, we

sought to provide a representation of ratings to inform the quality

of studies included in this review.

Overall, the quality of the studies ranged from 0% (none of

the criteria were met) to 100% (all the criteria were met). The

qualitative studies were generally moderate to strong. One of the

mixed-method studies was classified as weak for not meeting any

of the criteria (37). The randomized control trial studies

generally showed the risk of performance bias, this means that

outcome assessors may have been aware of the applied

intervention which could unconsciously or intentionally alter

their assessment (46). Quality appraisals are detailed in Table 2.
Data analysis and synthesis

Data synthesis followed a convergent approach for mixed-

method systematic review recommended by JBI (47). The review

questions can be answered by both quantitative and qualitative

studies therefore data synthesis involved data transformation by

way of qualitizing. Qualitizing involves extracting data from

quantitative studies and converting them to textual descriptions

to allow integration with qualitative studies (47). Data were

extracted using a data extraction form that collects information

on the study design, type of mHealth intervention, study aims,

intervention outcomes, findings, and limitations. The synthesized

data are arranged in tabular forms to allow for comparison of

the different approaches to gender transformative integration.

The authors classified studies into subgroups according to the

gender transformative categories identified within the studies.

There is a global policy interest in addressing gender inequality

in health programming (16). Highlighting the different
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TABLE 1 Gender transformative considerations.

Author,
Year

Considers
gender norms/
roles/relations

Considers
women’s specific

needs

Addresses the
causes of gender-

based health
inequities

Includes ways to
transform

harmful gender
norms

Seeks to
promote gender

equality

Strategies to foster
progressive

changes in power
relationships

between women
and men

Ampt et al.,
(28)

The mHealth
intervention was co-
designed and tested with
self-identified female sex
workers from the target
population.

The mHealth
intervention
acknowledges gender-
based violence was
likely as a result of
participating in the
mHealth intervention.
To safe guard women,
intervention ensured
counseling, urgent
medical treatment and
protection by the
community

Dev et al.,
(29)

The authors identified
women’s limited
knowledge on family
planning (FP). The
authors developed a FP
decision aid designed to
help prepare postpartum
women to make
personalized de-
liberated contraceptive
choices.

The FP program was
designed to narrow
the knowledge gap on
family planning
between men and
women.

Flax et al.,
(30)

The authors conducted a
study apriori and
identified that only 11%
of women had phones.
The mHealth program
was designed to address
cell phone gaps and
enhance access to
mHealth interventions
by providing a group cell
phone messaging
intervention to promote
optimal breastfeeding
practices. Therefore
women were able to
participate even without
individual phone
ownership.

The mHealth
program was offered
as a multi-
component program
to improve women’s
financial
independence
through a microcredit
program

Harrington
et al.,
(31, 32)

SMS messaging was
designed to challenge
personal subjective and
social norms about
postpartum pregnancy
risk and contraceptive
use.

The study was guided
by women’s emphasis
on the need to educate
men about FP in order
to improve women’s FP
access.

The mHealth program
took an innovative strategy
to promote couple FP
education and
subsequently support
couple decision-making
through SMS messaging.
Men provided feedback on
the need to think beyond
the woman-spouse dyad
and include community-
level engagement in FP.

Isler et al.,
(33)

The study considered
gender norms such as
the division of labour
along gender lines
resulting in domestic
responsibilities for
women.
The intervention took

In evaluating the
mHealth program, The
authors planned data
collection activities
around cooking hours to
allow for mothers to fulfil
their household duties.
Data collection took

mHealth showed that it is
essential to involve male
partners in mHealth
maternal nutrition
interventions as a means
of facilitating the
implementation of
nutritional advice and

(Continued)
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TABLE 1 Continued

Author,
Year

Considers
gender norms/
roles/relations

Considers
women’s specific

needs

Addresses the
causes of gender-

based health
inequities

Includes ways to
transform

harmful gender
norms

Seeks to
promote gender

equality

Strategies to foster
progressive

changes in power
relationships

between women
and men

tablets to women’s
door steps to show
them educational
videos on maternal
and child nutrition.

place in nearby health
centres or participants’
homes to avoid mobility
issues.
In recognition of
participants’ childcare
responsibilities, childcare
provisions were made for
women during focus
group discussions as
needed.

fostering constructive
couple communication.

Lund et al.,
(34)

The intervention design
included women
regardless of mobile
phone and literacy status.
This approach was
chosen because the
voucher component
allowed all women,
regardless of mobile
phone status, access to
emergency obstetric care,
which the authors felt
unethical to limit.

Onono et al.,
(35)

mHealth Intervention
provided decision-
making support because
the authors identified
decision-making for
pregnancy and childbirth
service care-seeking as a
complex behavior
influenced by individual,
family, societal, access,
and health system
factors.

Parkes-
Ratanshi
et al., (36)

The study identified
untreated men (partners
to pregnant women) as
primary drivers of
Syphylis in pregnant
women. This study aimed
to increase the testing and
treatment of pregnant
women’s male partners to
reduce pregnant women’s
risk of syphilis.

Schwartz
et al., (37)

The content of the
intervention ensured
confidentiality by not
disclosing women’s HIV
status. Messages were
focused on counselling
and support.
Women that did not
have partner support
disclosed that the
intervention was
particularly important
for them and met their
needs.

(Continued)
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TABLE 1 Continued

Author,
Year

Considers
gender norms/
roles/relations

Considers
women’s specific

needs

Addresses the
causes of gender-

based health
inequities

Includes ways to
transform

harmful gender
norms

Seeks to
promote gender

equality

Strategies to foster
progressive

changes in power
relationships

between women
and men

Skinner
et al., (38)

There was no cost for
women to participate in
the mHealth program. If
a woman did not own a
phone, messages were
sent to another phone
where she could read
them.

Women indicated that
the messages provided
a base for discussion.
The sharing of certain
messages, such as
around domestic
violence, left the
women feeling
supported.
Messages were shared
with expectant fathers,
close friends and
colleagues.

Trafford
et al., (39)

Women participants
attributed low levels of
breastfeeding to social
norms. The male gaze
which indicated men’s
disapproval of women
breastfeeding in public was
cited as a reason for not
breastfeeding.
The messages from the
mHealth program enabled
women to resist pressure.
Women also shared the
messages with male
relatives to prove the
importance of
breastfeeding.
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approaches separately is important because it will add to the

discussions on how best to promote mHealth for maternal health

through a gender transformative lens and will provide evidence

relevant to policy and research.
Results

Study characteristics

Figure 2 indicates a PRISMA study flow diagram describing

how papers were selected for inclusion. Table 3 provides a

summary of the 11 studies that were appraised in this review.

Table 1 describes gender transformative considerations identified

in the 11 studies. The studies are diverse in terms of sample size,

sample population, study design and mHealth delivery system.

Sample sizes ranged from 18 to 2,550 participants. Participants

included pregnant and postpartum women.

Key finding 1: SMS-based services are the most
common mHealth delivery system

Study designs included six qualitative studies (29, 31, 33, 35, 38,

39); three randomized control trials (28, 34, 36); and two mixed

method studies (30, 37). The most common mHealth delivery
Frontiers in Digital Health 0750
system was text messages via standard short message service

(SMS) on mobile phones (28, 30, 31, 33, 34, 36–39), the other

approaches used interactive mobile apps (29, 35). Outcomes of

interventions to improve maternal health varied across the studies.

Three studies focused on reducing unintended pregnancies

through the promotion of contraceptive use (28, 29, 31). Two

studies focused on improving breastfeeding among postpartum

mothers (30, 39), two studies aimed to increase women’s access to

skilled health personnel during pregnancy, childbirth and

postpartum (34, 35). One study targeted improved and adequate

nutrition among pregnant and breastfeeding mothers (33). Two

studies aimed to prevent and manage sexually transmitted diseases

among pregnant and postpartum women (36, 37).

Key finding 2: few studies substantively
incorporated gender transformative dimensions in
their study aims

Findings responding to the first research question indicate that

all studies included at least one of the six gender transformative

considerations but only three studies substantively incorporated

gender transformative dimensions in the aim of their study (31,

33, 36). One study aimed to examine how gender impacts the

content and delivery of a nutrition intervention focused on

mothers (33). Another study aimed to involve men and women in
frontiersin.org
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TABLE 2 (A) quality appraisal of qualitative studies. (B) Quality appraisal of quantitative studies. (C) Quality appraisal of mixed method studies.

Screen Qualitative studies Quality
score

(A) Quality appraisal of qualitative studies
S1. Are
there clear
research
questions?

S2. Do the
collected data
allow to
address the
research
questions?

1.1. Is the qualitative
approach appropriate
to answer the
research question?

1.2. Are the
qualitative data
collection methods
adequate to
address the
research question?

1.3. Are the
findings adequately
derived from the
data?

1.4. Is the
interpretation of
results sufficiently
substantiated by data?

1.5. Is there
coherence between
qualitative data
sources, collection,
analysis and
interpretation?

Dev et al.,
(29)

✓ ✓ ✓ ✓ ✓ ✓ ✓ 100%

Harrington
et al., (31,
32)

✓ ✓ ✓ ✓ ✓ ✗ ✓ 80%

Isler et al.,
(33)

✓ ✓ ✓ ✓ ✗ ✗ ✓ 60%

Onono et al.,
(35)

✓ ✓ ✓ ✓ ✓ ✓ ✓ 100%

Skinner
et al., (38)

✓ ✓ ✓ ✓ ✓ ✓ ✓ 100%

Trafford
et al., (39)

✓ ✓ ✓ ✓ ✓ ✓ ✓ 100%

Screen Quantitative randomized control trials Quality
score

(B) Quality appraisal of quantitative studies
S1. Are
there clear
research
questions?

S2. Do the
collected data
allow to
address the
research
questions?

2.1. Is randomization
appropriately
performed?

2.2. Are the groups
comparable at
baseline?

2.3. Are there
complete outcome
data?

2.4. Are outcome
assessors blinded to
the intervention
provided?

2.5 Did the
participants adhere to
the assigned
intervention?

Ampt et al.,
(28)

✓ ✓ ✓ ✓ ✓ ✗ ✓ 100%

Lund et al.,
(34)

✓ ✓ ✓ ✓ ✓ ✗ ✗ 60%

Parkes-
Ratanshi
et al., (36)

✓ ✓ ✓ ✗ ✓ ✗ ✗ 40%

Screen Mixed method studies Quality
score

(C) Quality appraisal of mixed method studies
S1. Are
there clear
research
questions?

S2. Do the
collected data
allow to
address the
research
questions?

5.1. Is there an
adequate rationale for
using a mixed
methods design to
address the research
question?

5.2. Are the
different
components of the
study effectively
integrated to
answer the
research question?

5.3. Are the outputs
of the integration
of qualitative and
quantitative
components
adequately
interpreted?

5.4. Are divergences
and inconsistencies
between quantitative
and qualitative results
adequately addressed?

5.5. Do the different
components of the
study adhere to the
quality criteria of
each tradition of the
methods involved

Flax et al.,
(30)

✓ ✓ ✓ ✗ ✓ ✗ ✓ 60%

Schwartz
et al., (37)

✓ ✓ ✗ ✗ ✗ ✗ ✗ 0%

Udenigwe et al. 10.3389/fdgth.2023.1263488
discussions around family planning education and decision-making

(31). Finally, one aimed to encourage men (partners of pregnant

women) to get tested and treated for sexually transmitted

infections (STI) to decrease incidences of STIs in women during

pregnancy (36). For the rest of the studies, gender considerations

were not explicitly stated but treated tangentially within the

mHealth program’s design, implementation, or evaluation.
Frontiers in Digital Health 0851
Key finding 3: a common gender consideration
was of women’s specific needs

Two studies each included 3 gender transformative

considerations (31, 33), four studies included 2 gender

transformative considerations (28–30, 38), the rest of the studies

only had one (34–37, 39). Two studies included strategies to

promote gender equality (29, 30). Strategies to promote gender
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 2

PRISMA flow diagram depicting the flow of information screened and reviewed.
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equality included closing the knowledge gaps about family

planning between men and women and improving women’s

financial stability through microcredit programs. Most of the

gender considerations fell under the category of considering

women’s specific needs.

One study indicated consideration for women’s specific needs

by co-designing a mHealth program aimed at improving

contraceptive knowledge and use with the target population, this

approach enabled the researchers to integrate the needs of the

women into their program (28). Four studies conducted

preliminary research with their target population and designed

mHealth programs based on identified needs; One study

identified knowledge gaps as a barrier to women’s decision-

making about family planning and subsequently designed a

mHealth program to educate women on contraceptive choices
Frontiers in Digital Health 0952
and enhance their decision-making regarding family planning

(29). Another study was informed by formative studies that

linked limited decision-making support to the use of pregnancy

care. Consequently, the researchers designed a mHealth

intervention to support women’s decision-making (35). Two

studies considered women’s specific needs by first conducting a

formative study that revealed a gender gap in women’s access to

mobile devices (30, 34). The researchers designed their mHealth

program to optimize women’s participation even without

individual mobile phone ownership or with low literacy status.

Women were able to participate either using group cell phones

or shared cell phones. In addition, one study considered

women’s specific needs by being mindful of their schedules,

domestic responsibilities, and transportation challenges during

their study (33). The mHealth intervention, which involved
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


T
A
B
LE

3
S
u
m
m
ar
y
o
f
st
u
d
ie
s
se
le
ct
e
d
fo
r
re
vi
ew

.

St
ud

y
au

th
or
s,
tit
le
,

ye
ar

Co
un

tr
y

N
um

be
r
of

pa
rt
ic
ip
an

ts
Sa
m
pl
e
of

po
pu

la
tio

n
St
ud

y
de

si
gn

m
H
ea
lth

de
liv
er
y
sy
st
em

A
m
pt

et
al
.,
(2
8)

E
ff
ec
t
of

a
m
ob
ile

ph
on

e
in
te
rv
en
ti
on

fo
r
fe
m
al
e
se
x
w
or
ke
rs

on
un

in
te
nd

ed
pr
eg
na
nc
y
in

K
en
ya

K
en
ya

78
6
w
om

en
−
93

ra
n
do

m
ly

se
le
ct
ed

se
x-
w
or
k
ve
n
ue
s
in

tw
o
su
b-

co
un

ti
es

of
M
om

ba
sa
,
K
en
ya

(K
is
au
n
i
an

d
C
ha
n
ga
m
w
e)

−
40
1
pa
rt
ic
ip
an
ts

fr
om

th
e

in
te
rv
en
ti
on

gr
ou

p
fr
om

47
ve
n
ue
s
−
38
5

pa
rt
ic
ip
an

ts
fr
om

th
e
co
nt
ro
l
gr
ou

p
fr
om

46
ve
n
ue
s

A
tw
o-
ar
m
,
cl
us
te
r-
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l
st
ud

y
SM

S
te
xt

m
es
sa
ge
s

D
ev

et
al
.,
(2
9)

A
cc
ep
ta
bi
lit
y,

fe
as
ib
ili
ty
,
an
d
ut
ili
ty

of
a
m
ob
ile

he
al
th

fa
m
ily

pl
an
ni
ng

de
ci
si
on

ai
d
fo
r
po

st
pa
rt
um

w
om

en
in

K
en
ya

K
en
ya

25
po

st
pa
rt
um

w
om

en
an
d

17
Fa
m
ily

pl
an
ni
ng

pr
ov
id
er
s

T
w
el
ve

(4
8%

)
po

st
pa
rt
um

w
om

en
w
er
e
fr
om

ru
ra
l

M
C
H

cl
in
ic
s
fr
om

th
e
N
ya
nz
a
re
gi
on

,
an
d
13

(5
2%

)
w
er
e
fr
om

ur
ba
n
cl
in
ic
s
in

N
ai
ro
bi
;1

5
(6
0%

)
w
er
e

ad
ol
es
ce
nt
s
an
d
yo
un

g
w
om

en
be
tw
ee
n
th
e
ag
es

of
14
–2
1.

A
cr
os
s-
se
ct
io
na
l
qu

al
it
at
iv
e
st
ud

y
A
n
in
te
ra
ct
iv
e
m
ob
ile

ap
pl
ic
at
io
n

Fl
ax

et
al
.,
(3
0)

G
ro
up

ce
ll
ph

on
es

ar
e
fe
as
ib
le

an
d

ac
ce
pt
ab
le

fo
r
pr
om

ot
in
g
op

ti
m
al

br
ea
st
fe
ed
in
g
pr
ac
ti
ce
s
in

a
w
om

en
’s

m
ic
ro
cr
ed
it
pr
og
ra
m

in
N
ig
er
ia
.

N
ig
er
ia

37
5
po

st
pa
rt
um

w
om

en
pa
rt
ic
ip
an
ts

in
to
ta
l:

Q
ua
nt
it
at
iv
e
st
ud

y
n
=
19
5

Q
ua
lit
at
iv
e
st
ud

y
n
=
16
2

M
ix
ed

m
et
ho

d:
in
te
rv
ie
w
an
d
Fo

cu
s

gr
ou

p
di
sc
us
si
on

s
SM

S
te
xt

m
es
sa
ge
s
an
d
vo
ic
e

m
es
sa
ge

H
ar
ri
ng
to
n
et

al
.,
(3
1,

32
)

E
ng
ag
in
g
m
en

in
a
m
H
ea
lth

ap
pr
oa
ch

to
su
pp

or
t
po

st
pa
rt
um

fa
m
ily

pl
an
ni
ng

am
on

g
co
up

le
s
in

K
en
ya
:
a
qu

al
it
at
iv
e
st
ud

y.

K
en
ya

50
pr
eg
na
nt

an
d
po

st
pa
rt
um

w
om

en
an
d
m
en

35
m
en

an
d
15

w
om

en
Pa
rt
ic
ip
an
ts

w
er
e
ch
os
en

fr
om

tw
o
co
un

ti
es

in
th
e

N
ya
nz
a
re
gi
on

of
W
es
te
rn

K
en
ya
.
T
he
se

ho
sp
it
al
s

se
rv
e
a
pr
im

ar
ily

lo
w
-
to

m
id
dl
e-
in
co
m
e
ru
ra
l

po
pu

la
ti
on

,t
he

m
aj
or
it
y
of

w
ho

m
id
en
ti
fy

w
it
h
th
e

Lu
o
et
hn

ic
gr
ou

p.

Q
ua
lit
at
iv
e
st
ud

y:
Fo

cu
s
gr
ou

p
di
sc
us
si
on

s
SM

S
m
es
sa
ge
s

Is
le
r
et

al
.,
(3
3)

“I
f
he

se
es

it
w
it
h
hi
s
ow

n
ey
es
,
he

w
ill

un
de
rs
ta
nd

”:
ho

w
ge
nd

er
in
fo
rm

ed
th
e
co
nt
en
t
an
d
de
liv
er
y

of
a
m
at
er
na
l
nu

tr
it
io
n
in
te
rv
en
ti
on

in
B
ur
ki
na

Fa
so
.

B
ur
ki
na

Fa
so

78
pr
eg
na
nt

or
br
ea
st
fe
ed
in
g

w
om

en
an
d
8
C
om

m
un

it
y
H
ea
lth

W
or
ke
rs

T
he

st
ud

y
sa
m
pl
ed

th
e
ca
tc
hm

en
t
ar
ea
s
of

tw
o
ur
ba
n

an
d
fo
ur

ru
ra
l
he
al
th

ce
nt
re
s.
H
ea
lth

ca
re

pr
ov
id
er
s

id
en
ti
fi
ed

pr
eg
na
nt

an
d
br
ea
st
fe
ed
in
g
m
ot
he
rs

to
pa
rt
ic
ip
at
e
in

th
e
st
ud

y

Q
ua
lit
at
iv
e
st
ud

y:
fo
cu
s
gr
ou

p
di
sc
us
si
on

V
id
eo

w
as

sh
ow

n
on

a
ta
bl
et

Lu
nd

et
al
.,
(3
4)

M
ob
ile

ph
on

es
as

a
he
al
th

co
m
m
un

ic
at
io
n
to
ol

to
im

pr
ov
e

sk
ill
ed

at
te
nd

an
ce

at
de
liv
er
y
in

Z
an
zi
ba
r:
a
cl
us
te
r-
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l.

T
an
za
ni
a

2,
55
0
pr
eg
na
nt

w
om

en
1,
31
1
w
om

en
w
er
e
al
lo
ca
te
d
to

th
e
m
H
ea
lth

in
te
rv
en
ti
on

s
an
d
1,
23
9
w
om

en
w
er
e
al
lo
ca
te
d
to

st
an
da
rd

ca
re
,i
.e
.n

o
ph

on
e
in
te
rv
en
ti
on

.P
ar
ti
ci
pa
nt
s

w
er
e
re
cr
ui
te
d
fr
om

24
pr
im

ar
y
he
al
th
ca
re

fa
ci
lit
ie
s.

C
lu
st
er
-r
an
do

m
iz
ed

co
nt
ro
lle
d
tr
ia
l

w
it
h

SM
S

O
no

no
et

al
.,
(3
5)

N
ar
ra
ti
ve
s
of

w
om

en
us
in
g
a
24
-h

ri
de
-h
ai
lin

g
tr
an
sp
or
t
sy
st
em

to
in
cr
ea
se

ac
ce
ss

an
d
ut
ili
za
ti
on

of
m
at
er
na
l
an
d
ne
w
bo
rn

he
al
th

se
rv
ic
es

in
ru
ra
l
w
es
te
rn

K
en
ya
:a

qu
al
it
at
iv
e
st
ud

y.

K
en
ya

18
po

st
pa
rt
um

w
om

en
E
m
ph

as
is
w
as

pl
ac
ed

on
en
su
ri
ng

pa
rt
ic
ip
an

ts
w
er
e

fr
om

di
ff
er
en
t
so
ci
oe
co
n
om

ic
ba
ck
gr
ou

n
ds
.W

om
en

w
er
e
on

av
er
ag
e
27

ye
ar
s
ol
d,

m
ar
ri
ed

an
d

m
ul
ti
pa
ro
us

w
it
h
ov
er

ha
lf
ha
vi
n
g
se
co
nd

ar
y

ed
uc
at
io
n
.

A
qu

al
it
at
iv
e
st
ud

y
us
in
g
in
-d
ep
th

in
te
rv
ie
w
s
(I
D
Is
)
as

th
e
pr
im

ar
y
da
ta

co
lle
ct
io
n
m
et
ho

d.

A
m
ob
ile

ph
on

e
ap
p

(C
on
ti
nu

ed
)

Udenigwe et al. 10.3389/fdgth.2023.1263488

Frontiers in Digital Health 10 frontiersin.org53

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


T
A
B
LE

3
C
o
n
ti
n
u
e
d

St
ud

y
au

th
or
s,
tit
le
,

ye
ar

Co
un

tr
y

N
um

be
r
of

pa
rt
ic
ip
an

ts
Sa
m
pl
e
of

po
pu

la
tio

n
St
ud

y
de

si
gn

m
H
ea
lth

de
liv
er
y
sy
st
em

Pa
rk
es
-R
at
an
sh
i
et

al
.,
(3
6)

Lo
w

m
al
e
pa
rt
ne
r
at
te
nd

an
ce

af
te
r

sy
ph

ili
s
sc
re
en
in
g
in

pr
eg
na
nt

w
om

en
le
ad
s
to

w
or
se

bi
rt
h

ou
tc
om

es
:
T
he

Sy
ph

ili
s
T
re
at
m
en
t

of
Pa
rt
ne
rs

(S
T
O
P
)
ra
nd

om
iz
ed

co
nt
ro
l
tr
ia
l

U
ga
nd

a
29
0
pr
eg
na
nt

w
om

en
14
4
pa
rt
ic
ip
an
ts

en
ro
lle
d
in

SM
S
re
m
in
de
r,
14
6

en
ro
lle
d
in

te
le
ph

on
e
ca
ll
re
m
in
de
r

T
he

sa
m
pl
e
w
as

ta
ke
n
fr
om

th
e
ID

I
cl
in
ic

lo
ca
te
d
w
it
hi
n
ur
ba
n
K
am

pa
la
,

w
he
re

22
0
pr
eg
na
nt

w
om

en
ar
e
se
en

at
th
e
A
N
C
pe
r
m
on

th
,5
.1
%

of
w
ho

m
te
st
ed

po
si
ti
ve

fo
r
sy
ph

ili
s,
an
d
th
e

M
ul
ag
o
H
os
pi
ta
l
A
N
C
,w

he
re
,
on

av
er
ag
e,
2,
00
0
pr
eg
na
nt

w
om

en
ar
e

se
en

m
on

th
ly
,w

it
h
2.
4%

te
st
in
g

po
si
ti
ve

fo
r
sy
ph

ili
s.

T
ex
tm

es
sa
ge
s
an
d
te
le
ph

on
e
ca
lls

Sc
hw

ar
tz

et
al
.,
(3
7)

A
cc
ep
ta
bi
lit
y
an
d
Fe
as
ib
ili
ty

of
a

M
ob
ile

Ph
on

e-
B
as
ed

C
as
e

M
an
ag
em

en
t
In
te
rv
en
tio

n
to

R
et
ai
n

M
ot
he
rs
an
d
In
fa
nt
s
fr
om

an
O
pt
io
n

B
+
Pr
og
ra
m

in
Po

st
pa
rt
um

H
IV

C
ar
e

So
ut
h
A
fr
ic
a

50
pr
eg
na
nt

w
om

en
H
IV

-i
nf
ec
te
d,

pr
eg
na
nt

w
om

en
at
te
nd

in
g
an
te
na
ta
l

ca
re

(A
N
C
)
at
W
it
ko
pp

en
H
ea
lth

an
d
W
el
fa
re

C
en
tr
e

(W
H
W
C
)

Q
ua
nt
it
at
iv
e
co
ho

rt
st
ud

y
SM

S
te
xt

m
es
sa
ge
s
an
d
ph

on
e

ca
lls

Sk
in
ne
r
et

al
.,
(3
8)

U
se
r
as
se
ss
m
en
ts

an
d
th
e
us
e
of

in
fo
rm

at
io
n
fr
om

M
om

C
on

ne
ct
,
a

m
ob
ile

ph
on

e
te
xt
-b
as
ed

in
fo
rm

at
io
n
se
rv
ic
e,
by

pr
eg
na
nt

w
om

en
an
d
ne
w

m
ot
he
rs

in
So
ut
h

A
fr
ic
a.

So
ut
h
A
fr
ic
a

46
w
om

en
(p
re
gn
an
t
w
om

en
an
d

ne
w

m
ot
he
rs
)

Pa
rt
ic
ip
an
ts

w
er
e
pu

rp
os
iv
el
y
se
le
ct
ed

fr
om

15
fa
ci
lit
ie
s
in

fi
ve

pr
ov
in
ce
s—

W
es
te
rn

C
ap
e,
K
w
aZ

ul
u-

N
at
al
,F

re
e
St
at
e,
G
au
te
ng

an
d
M
pu

m
al
an
ga
—
w
hi
ch

w
er
e
pu

rp
os
iv
el
y
se
le
ct
ed

to
re
pr
es
en
t
di
ff
er
en
t

la
ng
ua
ge

an
d
cu
ltu

ra
l
gr
ou

ps
in

So
ut
h
A
fr
ic
a.

W
it
hi
n
ea
ch

pr
ov
in
ce
,
th
re
e
fa
ci
lit
ie
s
w
er
e

pu
rp
os
iv
el
y
se
le
ct
ed

am
on

g
th
os
e
se
rv
in
g
la
rg
e
ur
ba
n

co
m
m
un

it
ie
s
an
d
th
os
e
se
rv
in
g
se
m
ir
ur
al

co
m
m
un

it
ie
s
or

vi
lla
ge
s.

Q
ua
lit
at
iv
e
st
ud

y:
in
te
rv
ie
w
s
an
d
fo
cu
s

gr
ou

ps
.

T
ex
t-
ba
se
d
in
fo
rm

at
io
n
se
rv
ic
e

T
ra
ff
or
d
et

al
.,
(3
9)

R
ep
or
te
d
in
fa
nt

fe
ed
in
g
pr
ac
ti
ce
s

an
d
co
nt
ex
tu
al

in
fl
ue
nc
es

on
br
ea
st
fe
ed
in
g:

qu
al
it
at
iv
e
in
te
rv
ie
w
s

w
it
h
w
om

en
re
gi
st
er
ed

to
M
om

C
on

ne
ct

in
th
re
e
So
ut
h

A
fr
ic
an

pr
ov
in
ce
s

So
ut
h
A
fr
ic
a

11
5
pr
eg
na
nt

an
d
po

st
pa
rt
um

w
om

en
W
om

en
ov
er

th
e
ag
e
of

18
w
ith

an
ex
pe
ct
ed

du
e
da
te

of
de
liv
er
y
be
tw
ee
n
A
pr
il
an
d
O
ct
ob
er

20
17

w
er
e

re
cr
ui
te
d
-u
si
ng

a
se
ri
es

of
SM

S
su
rv
ey
s
se
nt

ou
t
in

En
gl
is
h
an
d
th
e
m
os
t
co
m
m
on

lo
ca
l
la
ng
ua
ge

in
ea
ch

re
gi
on

—
is
i-
Z
ul
u
(K
w
aZ

ul
u-
N
at
al
,G

au
te
ng
)
or

Se
so
th
o

Q
ua
lit
at
iv
e
st
ud

y:
in
cl
ud

ed
ID

Is
an
d
FG

D
s.

T
ex
t
m
es
sa
ge
s
vi
a
st
an
da
rd

sh
or
t

m
es
sa
ge

se
rv
ic
e
(S
M
S)

on
m
ob
ile

ph
on

es

St
ud

y
au

th
or
s,
da

te
In
te
rv
en

tio
n
de

sc
rip

tio
n

St
ud

y
ai
m
s

In
te
rv
en

tio
n
ou

tc
om

es
M
aj
or

fi
nd

in
gs

Li
m
ita

tio
ns

A
m
pt

et
al
.,
(2
8)

W
H
IS
PE

R
is
an

SM
S
in
te
rv
en
tio

n.
T
ex
t
m
es
sa
ge
s
in

En
gl
is
h
ar
e

de
liv
er
ed

tw
o
to

th
re
e
tim

es
pe
r
w
ee
k

fo
r
12

m
on

th
s.
M
es
sa
ge

co
nt
en
t
in

th
e
in
te
rv
en
tio

n
gr
ou
p
fo
cu
se
d
on

pr
om

ot
in
g
co
nt
ra
ce
pt
io
n,

pa
rt
ic
ul
ar
ly

lo
ng
-a
ct
in
g
re
ve
rs
ib
le

co
nt
ra
ce
pt
io
n.

M
es
sa
ge

co
nt
en
t
in

th
e
co
nt
ro
l
gr
ou
p
fo
cu
se
d
on

pr
om

ot
in
g
nu

tr
iti
on

al
kn

ow
le
dg
e

an
d
pr
ac
tic
es
,i
nc
lu
di
ng

fo
od

sa
fe
ty
,

pr
ep
ar
at
io
n,

an
d
pu

rc
ha
si
ng
.

T
hi
s
st
ud

y
ai
m
ed

to
as
se
ss

th
e

ef
fe
ct
iv
en
es
s
of

th
e
in
te
rv
en
ti
on

to
re
du

ce
th
e
in
ci
de
nc
e
of

un
in
te
nd

ed
pr
eg
na
nc
y
am

on
g
se
x
w
or
ke
rs

in
K
en
ya
.

In
ci
de
nc
e
of

un
in
te
nd

ed
pr
eg
na
nc
y.

Lo
ng
-a
ct
in
g
re
ve
rs
ib
le

co
nt
ra
ce
pt
iv
e
us
e.

D
ua
l
co
nt
ra
ce
pt
iv
e-
m
et
ho

d
us
e.

C
on

tr
ac
ep
ti
ve

kn
ow

le
dg
e.

T
he

in
te
rv
en
ti
on

di
d
no

t
ha
ve

a
cl
in
ic
al
ly

si
gn
ifi
ca
nt

ef
fe
ct

on
un

in
te
nd

ed
pr
eg
na
nc
ie
s
de
sp
it
e
be
in
g

de
ve
lo
pe
d
in

co
ns
ul
ta
ti
on

w
it
h

pa
rt
ic
ip
an
ts

(s
ex

w
or
ke
rs
).

T
he

in
te
rv
en
ti
on

w
as

as
so
ci
at
ed

w
it
h

im
pr
ov
ed

kn
ow

le
dg
e
ab
ou

t
co
nt
ra
ce
pt
io
n,

pa
rt
ic
ul
ar
ly

in
tr
au
te
ri
ne

de
vi
ce
s,
as

w
el
l
as

in
cr
ea
se
d
us
e
of

du
al
-m

et
ho

d
co
nt
ra
ce
pt
io
n.

Sh
or
t-
liv
ed

m
ea
su
re
m
en
t
of

ou
tc
om

es
T
he

st
ud

y
di
d
no

t
ac
co
un

t
fo
r

se
le
ct
iv
e
lo
ss

of
pr
eg
na
nc
y
am

on
g

se
x
w
or
ke
rs
.

(C
on
ti
nu

ed
)

Udenigwe et al. 10.3389/fdgth.2023.1263488

Frontiers in Digital Health 11 frontiersin.org54

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


T
A
B
LE

3
C
o
n
ti
n
u
e
d

St
ud

y
au

th
or
s,
da

te
In
te
rv
en

tio
n
de

sc
rip

tio
n

St
ud

y
ai
m
s

In
te
rv
en

tio
n
ou

tc
om

es
M
aj
or

fi
nd

in
gs

Li
m
ita

tio
ns

D
ev

et
al
.,
(2
9)

iM
A
C
C
is
a
cl
ie
nt
-f
ac
in
g
m
ob
ile

ap
pl
ic
at
io
n
de
si
gn
ed

to
pr
ov
id
e

sy
st
em

at
ic
,
ye
t
pe
rs
on

al
iz
ed
,

co
nt
ra
ce
pt
iv
e
co
un

se
lli
ng

to
po

st
pa
rt
um

w
om

en
.

iM
A
C
C
co
m
bi
ne
s
im

ag
es

an
d
te
xt

in
a
he
ur
is
ti
c
ap
pr
oa
ch

to
pr
ov
id
e

ta
ilo

re
d
co
nt
ra
ce
pt
iv
e
co
un

se
lli
ng

to
w
om

en
.

T
hi
s
st
ud

y
ai
m
ed

to
ev
al
ua
te

th
e

ac
ce
pt
ab
ili
ty

an
d
fe
as
ib
ili
ty

of
th
e

se
lf-
ad
m
in
is
te
re
d
iM

A
C
C
de
ci
si
on

ai
d

B
eh
av
io
ur

ch
an
ge

P
ar
ti
ci
pa
nt
s
in
di
ca
te
d
th
at

th
e

de
ci
si
on

ai
d
w
as

ea
sy

to
us
e
bu

t
ch
al
le
ng
es

ar
os
e
as

to
lo
w

lit
er
ac
y

le
ve
ls
po

si
ng

a
ba
rr
ie
r
to

un
de
rs
ta
nd

in
g
an
d
us
in
g
th
e
ap
p.

–
T
he

ap
p
w
as

pe
rc
ei
ve
d
as

a
co
nfi

de
nt
ia
l
de
ci
si
on

ai
d.

–
Im

pr
ov
ed

kn
ow

le
dg
e
of

co
nt
ra
ce
pt
io
n
w
it
h
a
pe
rs
on

al
iz
ed

ap
pr
oa
ch
.

T
he

ev
al
ua
ti
on

st
ud

y
di
d
no

t
co
m
pl
et
el
y
re
fl
ec
t
th
e
un

de
rl
yi
ng

vi
ew

of
pa
rt
ic
ip
an
ts

to
w
ar
ds

th
e

FP
de
ci
si
on

ai
d.

Fl
ax

et
al
.,
(3
0)

W
ee
kl
y
ce
ll
ph

on
e
br
ea
st
fe
ed
in
g

te
xt

an
d
vo
ic
e
m
es
sa
ge
s
w
er
e

de
liv
er
ed

to
w
om

en
in

gr
ou

ps
du

ri
ng

gr
ou

p
br
ea
st
fe
ed
in
g
le
ar
ni
ng

se
ss
io
ns

T
hi
s
st
ud

y
ai
m
ed

to
ex
am

in
e
th
e

fe
as
ib
ili
ty

an
d
ac
ce
pt
ab
ili
ty

of
us
in
g

gr
ou

p
ce
ll
ph

on
es

to
de
liv
er

ce
ll

ph
on

e
m
es
sa
ge
s
w
it
hi
n
a
m
ul
ti
-

co
m
po

ne
nt

br
ea
st
fe
ed
in
g

pr
om

ot
io
n
in
te
rv
en
ti
on

.
T
he

st
ud

y
al
so

ai
m
ed

to
te
st
th
e

as
so
ci
at
io
n
be
tw
ee
n
pa
rt
ic
ip
at
io
n
in

sm
al
l
gr
ou

ps
an
d
re
po

rt
ed

br
ea
st
fe
ed
in
g
pr
ac
ti
ce
s.

M
et
ho

ds

In
cr
ea
se
d
th
e
od

ds
of

ex
cl
us
iv
e
br
ea
st
fe
ed
in
g.

Sh
ift

so
ci
al

no
rm

s
ar
ou

nd
br
ea
st
fe
ed
in
g
pr
ac
ti
ce
s.

G
ro
up

ph
on

es
w
er
e
de
sc
ri
be
d
as

ac
ce
pt
ab
le

an
d
fu
nc
ti
on

al
.

P
ar
ti
ci
pa
nt
s
re
po

rt
ed

im
pr
ov
ed

st
at
us

of
th
e
ph

on
e
ho

ld
er

be
ca
us
e
sh
e
w
as

se
en

as
a
le
ad
er
.

So
m
e
no

n-
ph

on
e
re
ci
pi
en
ts

w
an
te
d

th
ei
r
ow

n
ph

on
es
.

H
ea
lth

in
fo
rm

at
io
n
w
as

pa
ss
ed

al
on

g
to

fa
m
ily

an
d
fr
ie
nd

s.

G
iv
in
g
ou

t
ce
ll
ph

on
es

to
gr
ou

ps
is
no

t
w
id
el
y
su
st
ai
na
bl
e.

H
ar
ri
ng
to
n
et

al
.,
(3
1,

32
)

T
he

in
te
rv
en
ti
on

is
an

in
te
ra
ct
iv
e

SM
S
pr
og
ra
m

th
at

su
pp

or
ts
w
om

en
an
d
co
up

le
s
in

co
nt
ra
ce
pt
iv
e

de
ci
si
on

-m
ak
in
g,

m
et
ho

d
in
it
ia
ti
on

an
d
co
nt
in
ua
ti
on

.

T
he

st
ud

y
ai
m
ed

to
ex
pl
or
e
m
en
’s

an
d
w
om

en
’s
pe
rs
pe
ct
iv
es

on
us
in
g

SM
S
to

fa
ci
lit
at
e
po

st
pa
rt
um

fa
m
ily

pl
an
ni
ng

co
un

se
lli
ng

in
K
en
ya
.I
t

al
so

ai
m
ed

to
en
ga
ge

m
en

in
fa
m
ily

pl
an
ni
ng

de
ci
si
on

-m
ak
in
g.

Fa
m
ily

pl
an
ni
ng

in
it
ia
ti
on

an
d
co
nt
in
ua
ti
on

M
en

st
ro
ng
ly

de
si
re

in
cl
us
io
n
in

FP
de
ci
si
on

-m
ak
in
g.

M
en

pa
rt
ic
ip
an
ts

in
di
ca
te
d
th
at

th
ey

w
er
e
op

en
to

re
ce
iv
in
g
fa
m
ily
-p
an
ni
ng

re
la
te
d
SM

S,
an
d
di
sc
us
se
d
m
ul
ti
pl
e

ad
va
nt
ag
es

of
us
in
g
SM

S
di
al
og
ue

fo
r

FP
co
un

se
lli
ng
.

T
he

m
aj
or
it
y
of

m
en

an
d
w
om

en
in

FG
D
s
fe
lt
th
at
re
ce
iv
in
g
SM

S
ab
ou

t
FP

co
ul
d
pr
om

ot
e
im

pr
ov
ed

co
m
m
un

ic
at
io
n
w
it
h
th
ei
r
pa
rt
ne
rs
.

T
he
re

m
ay

ha
ve

be
en

se
le
ct
io
n

bi
as

of
m
ar
ri
ed

w
om

en
pa
rt
ic
ip
an
ts
.

Is
su
es

of
ac
ce
ss

to
m
at
er
na
l

he
al
th
ca
re

m
ay

be
di
ff
er
en
t
fo
r

no
n-
m
ar
ri
ed

w
om

en
.

Is
le
r
et

al
.,
(3
3)

H
ea
lth

ca
re

pr
ov
id
er
s
vi
si
te
d

pr
eg
na
nt

an
d
br
ea
st
fe
ed
in
g
m
ot
he
rs

at
ho

m
e
to

sh
ow

th
em

a
se
t
of

m
at
er
na
l
nu

tr
it
io
n
vi
de
os

on
a

ta
bl
et
.

T
o
ex
am

in
e
ho

w
ge
nd

er
af
fe
ct
s
th
e

co
nt
en
t
an
d
de
liv
er
y
of

a
nu

tr
it
io
n-

fo
cu
se
d
in
te
rv
en
ti
on

in
B
ur
ki
na

Fa
so
.

G
en
de
r-
se
ns
it
iv
e
nu

tr
it
io
n
in
te
rv
en
ti
on

So
m
e
m
ot
he
rs

sa
id

th
at

w
hi
le

th
ey

ap
pr
ec
ia
te
d
be
in
g
sh
ow

n
th
e
vi
de
os
,

th
ey

fe
lt
po

w
er
le
ss
to

m
ak
e
nu

tr
it
io
na
l

ch
an
ge
s
w
it
ho

ut
th
e
su
pp

or
t
of

th
ei
r

m
al
e
pa
rt
ne
rs
.

H
ea
lth

y
pr
om

ot
io
n
in

ar
ea
s
su
ch

as
he
al
th
y
nu

tr
it
io
n,

pr
eg
na
nc
y
an
d

br
ea
st
fe
ed
in
g
is
la
rg
el
y
co
ns
id
er
ed

a
m
ot
he
r’
s
do

m
ai
n.

M
ot
he
rs

di
vu
lg
ed

fe
el
in
g
em

ba
rr
as
se
d

at
th
e
pr
os
pe
ct

of
di
sc
us
si
ng

ce
rt
ai
n

to
pi
cs

w
it
h
m
en
,
in
cl
ud

in
g
in
tr
a-

ho
us
eh
ol
d
dy
na
m
ic
s
ar
ou

nd
nu

tr
it
io
n

fi
na
nc
in
g.

T
he

st
ud

y
di
d
no

t
in
te
rv
ie
w

fa
th
er
s
th
er
ef
or
e,
it
la
ck
s
th
e

pe
rs
pe
ct
iv
es

of
m
en

an
d
th
ei
r
ro
le

in
m
at
er
na
l
an
d
ch
ild

nu
tr
it
io
n.

(C
on
ti
nu

ed
)

Udenigwe et al. 10.3389/fdgth.2023.1263488

Frontiers in Digital Health 12 frontiersin.org55

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


T
A
B
LE

3
C
o
n
ti
n
u
e
d

St
ud

y
au

th
or
s,
da

te
In
te
rv
en

tio
n
de

sc
rip

tio
n

St
ud

y
ai
m
s

In
te
rv
en

tio
n
ou

tc
om

es
M
aj
or

fi
nd

in
gs

Li
m
ita

tio
ns

Lu
nd

et
al
.,
(3
4)

A
n
au
to
m
at
ed

sh
or
t
m
es
sa
gi
ng

se
rv
ic
e
(S
M
S)

sy
st
em

pr
ov
id
in
g

m
ot
he
rs

w
it
h
un

id
ir
ec
ti
on

al
te
xt

m
es
sa
gi
ng
,
an
d
a
m
ob
ile

ph
on

e
vo
uc
he
r
sy
st
em

pr
ov
id
in
g
th
e

po
ss
ib
ili
ty

fo
r
di
re
ct

tw
o-
w
ay

co
m
m
un

ic
at
io
n
be
tw
ee
n
m
ot
he
rs

an
d
th
ei
r
pr
im

ar
y
he
al
th
ca
re

pr
ov
id
er
s

T
he

st
ud

y
ai
m
ed

to
ev
al
ua
te

th
e
us
e

of
m
ob
ile

ph
on

es
to

br
id
ge

th
e

co
m
m
un

ic
at
io
n
ga
p
be
tw
ee
n

pr
eg
na
nt

w
om

en
an
d
he
al
th

pr
ov
id
er
s.
T
he

st
ud

y
al
so

ai
m
ed

to
in
cr
ea
se

sk
ill
ed

de
liv
er
y
at
te
nd

an
ce

in
a
se
tt
in
g
w
it
h
sc
ar
ce

re
so
ur
ce
s.

In
cr
ea
se
d
sk
ill
ed

de
liv
er
y
at
te
nd

an
ce

am
on

gs
t

pr
eg
na
nt

w
om

en
.

60
%

of
w
om

en
in

th
e
in
te
rv
en
ti
on

gr
ou

p
de
liv
er
ed

in
th
e
pr
es
en
ce

of
a

sk
ill
ed

bi
rt
h
at
te
nd

an
t,
co
m
pa
re
d
to

47
%

of
w
om

en
in

th
e
co
nt
ro
l
gr
ou

p.
H
ow

ev
er
,
th
e
in
te
rv
en
ti
on

di
d
no

t
im

pr
ov
e
sk
ill
ed

bi
rt
h
at
te
nd

an
ce

in
ru
ra
l
ar
ea
s.

N
ot

ow
ni
ng

a
m
ob
ile

ph
on

e
w
as

as
so
ci
at
ed

w
it
h
lo
w
er

od
ds

of
sk
ill
ed

de
liv
er
y
at
te
nd

an
ce
.

M
et
ho

do
lo
gi
ca
l
lim

it
at
io
n
in

st
ud

y
de
si
gn

an
d
ex
te
rn
al
va
lid

it
y.

O
no

no
et

al
.,
(3
5)

M
A
ce
ss

is
a
ph

on
e
ap
p
w
it
h
th
e

fo
llo
w
in
g
fu
nc
ti
on

s
1)

A
fr
ee

SM
S-
ba
se
d
se
rv
ic
e
th
at

in
vo
lv
es

se
nd

in
g
pe
rs
on

al
iz
ed

tr
im

es
te
r-
ba
se
d
te
xt
s
to

m
ot
he
rs

an
d
re
m
in
de
rs

to
us
e
an
te
-
an
d

po
st
na
ta
l
ca
re

se
rv
ic
es
;
2)

A
n

in
te
ra
ct
iv
e
ch
at
se
rv
ic
e
kn

ow
n
as

m
-

co
nv
o;

an
d

3)
24
-h

tr
an
sp
or
t
na
vi
ga
to
r
sy
st
em

,
th
ro
ug
h
w
hi
ch

w
om

en
ca
n
re
qu

es
t

tr
an
sp
or
t

T
he

st
ud

y
ai
m
ed

to
ex
pl
or
e
ho

w
pr
eg
na
nt

an
d
po

st
na
ta
l
w
om

en
m
ad
e
de
ci
si
on

s
re
ga
rd
in
g
ca
re
-

se
ek
in
g
fo
r
pr
eg
na
nc
y
an
d

ch
ild

bi
rt
h;

th
e
pr
oc
es
se
s
of

ge
tt
in
g

ca
re

fr
om

ho
m
e
to

th
e
ho

sp
it
al

as
w
el
la
s
th
ei
r
pe
rc
ep
ti
on

s
on

ho
w
th
e

M
A
cc
es
s
in
te
rv
en
ti
on

af
fe
ct
ed

th
ei
r

pr
eg
na
nc
y
an
d
ch
ild

bi
rt
h
ca
re
-

se
ek
in
g
an
d
ut
ili
za
ti
on

ex
pe
ri
en
ce
.

R
ed
uc
ti
on

in
m
at
er
na
l
m
or
ta
lit
y
th
ro
ug
h
fr
eq
ue
nt

co
m
m
un

ic
at
io
n
w
it
h
he
al
th
ca
re

pr
ov
id
er
s
an
d
ac
ce
ss

to
re
lia
bl
e
tr
an
sp
or
t
se
rv
ic
es
.

T
he

bi
di
re
ct
io
na
l
te
xt

m
es
sa
ge
s

in
fl
ue
nc
ed

th
e
de
ci
si
on

-m
ak
in
g

pr
oc
es
s
fo
r
th
e
m
ot
he
rs

by
in
cr
ea
si
ng

th
ei
r
kn

ow
le
dg
e
of

da
ng
er

si
gn
s,

in
di
vi
du

al
bi
rt
h
pl
an
s,
po

ss
ib
le

co
m
pl
ic
at
io
ns
,
an
d
im

m
ed
ia
te

po
st
-

de
liv
er
y
ne
on

at
al

ca
re
.

T
he

bi
di
re
ct
io
na
l
SM

S
sy
st
em

of
fe
re
d

by
th
e
M
A
cc
es
s
m
it
ig
at
ed

th
e

ch
al
le
ng
e
of

in
ad
eq
ua
te

in
fo
rm

at
io
n.

M
A
cc
es
s
lin

ke
d
m
ot
he
rs

to
re
lia
bl
e

tr
an
sp
or
t
pr
ov
id
er
s
to

tr
an
sp
or
t
th
em

to
ho

sp
it
al
s.

T
he

m
H
ea
lth

in
no

va
ti
on

w
as

fo
un

d
to

be
at
tr
ac
ti
ve

an
d
hi
gh
ly

ac
ce
pt
ab
le

to
w
om

en
th
ro
ug
ho

ut
pr
eg
na
nc
y
an
d

ch
ild

bi
rt
h
an
d
he
lp
ed

th
em

na
vi
ga
te

th
e
co
m
pl
ex

an
d
la
ye
re
d
in
di
vi
du

al
,

in
fr
as
tr
uc
tu
ra
l,
an
d
he
al
th

sy
st
em

fa
ct
or
s
th
at
pu

t
th
em

at
ri
sk

of
ad
ve
rs
e

m
at
er
na
l
an
d
ne
w
bo
rn

ou
tc
om

es
.

T
he

ga
te
ke
ep
in
g
ro
le

of
nu

rs
es

w
ho

in
fl
ue
nc
ed

pa
rt
ic
ip
an
t

se
le
ct
io
n
m
ig
ht

ha
ve

in
tr
od

uc
ed

a
bi
as
.

Pa
rk
es
-R
at
an
sh
i
et

al
.,
(3
6)

W
ee
kl
y
te
xt

m
es
sa
ge

re
m
in
de
rs

ar
e

se
nt

ou
t
to

w
om

en
pa
rt
ic
ip
an
ts

to
en
co
ur
ag
e
th
ei
r
pa
rt
ne
rs

to
ge
t

te
st
ed

fo
r
sy
ph

ili
s
in

cl
in
ic
s.
T
hi
s

m
es
sa
ge

la
st
s
up

to
8
w
ee
ks

af
te
r

w
om

en
’s
di
ag
no

si
s.

T
he

ai
m

of
th
is
st
ud

y
w
as

to
de
te
rm

in
e
th
e
ef
fe
ct
iv
en
es
s
of

th
re
e

pa
rt
ne
r
no

ti
fi
ca
ti
on

st
ra
te
gi
es
,
th
ey

in
cl
ud

e:
st
an
da
rd

of
ca
re

(S
O
C
)
no

ti
fi
ca
ti
on

s
vs
.
SO

C
pl
us

te
xt

m
es
sa
ge

re
m
in
de
rs

vs
.
SO

C
pl
us

te
le
ph

on
e

ca
ll
re
m
in
de
rs
.

T
he

pr
op

or
ti
on

of
pa
rt
ne
rs

w
ho

pr
es
en
te
d
at

th
e

cl
in
ic

an
d
re
ce
iv
ed

sy
ph

ili
s
te
st
in
g
or

tr
ea
tm

en
t.

Po
st
-e
nr
ol
lm

en
t
pa
rt
ne
r
at
te
nd

an
ce

w
as

18
%
.
T
hi
s
w
as

co
ns
id
er
ed

lo
w

at
te
nd

an
ce
.
T
he
re

w
er
e
no

si
gn
ifi
ca
nt

di
ff
er
en
ce
s
be
tw
ee
n
th
e
m
et
ho

ds
us
ed

(S
O
C
no

ti
fi
ca
ti
on

sl
ip
,t
el
ep
ho

ne
ca
ll

or
SM

S)
.

T
he

at
te
nd

an
ce

ra
te

re
co
rd
ed

in
th
is
st
ud

y
is
lo
w
er

th
an

th
e

na
ti
on

al
av
er
ag
e.

In
su
ffi
ci
en
t
at
te
nt
io
n
to

cu
lt
ur
al

an
d
sy
st
em

ic
ba
rr
ie
rs

fa
ce
d
by

w
om

en
to

in
fo
rm

th
ei
r
pa
rt
ne
rs

of
sy
ph

ili
s
st
at
us

an
d
pa
rt
ne
r

ge
tt
in
g
te
st
ed
.

(C
on
ti
nu

ed
)

Udenigwe et al. 10.3389/fdgth.2023.1263488

Frontiers in Digital Health 13 frontiersin.org56

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


T
A
B
LE

3
C
o
n
ti
n
u
e
d

St
ud

y
au

th
or
s,
da

te
In
te
rv
en

tio
n
de

sc
rip

tio
n

St
ud

y
ai
m
s

In
te
rv
en

tio
n
ou

tc
om

es
M
aj
or

fi
nd

in
gs

Li
m
ita

tio
ns

Sc
hw

ar
tz

et
al
.,
(3
7)

T
hi
s
in
te
rv
en
ti
on

pr
ov
id
es

su
pp

or
t

to
H
IV

-i
nf
ec
te
d
w
om

en
on

hi
gh
ly

ac
ti
ve

an
ti
re
tr
ov
ir
al

th
er
ap
y

(H
A
A
R
T
)
du

ri
ng

la
te

pr
eg
na
nc
y

an
d
fo
r
si
x
w
ee
ks

po
st
pa
rt
um

.
P
ar
ti
ci
pa
nt
s
re
ce
iv
ed

w
ee
kl
y
pr
e-

sc
ri
pt
ed

m
es
sa
ge
s
fr
om

C
as
e

m
an
ag
er
s
du

ri
ng

pr
eg
na
nc
y
(3
6

w
ee
ks
)
an
d
up

to
8
w
ee
ks

po
st
pa
rt
um

.
C
as
e
m
an
ag
er
s
m
ad
e

on
e
pr
e-
de
liv
er
y
an
d
tw
o
po

st
-

de
liv
er
y
te
le
ph

on
e
ca
lls

to
pa
rt
ic
ip
an
ts

du
ri
ng

fo
llo
w
-u
p
to

di
sc
us
s
de
liv
er
y
pl
an
s
an
d

po
st
pa
rt
um

ca
re
.

T
he

ob
je
ct
iv
e
of

th
e
st
ud

y
w
as

to
as
se
ss

th
e
ac
ce
pt
ab
ili
ty
,f
ea
si
bi
lit
y

an
d
po

te
nt
ia
l
fo
r
sc
al
e-
up

of
th
e

m
ob
ile

ph
on

e-
ba
se
d
ca
se

m
an
ag
em

en
t
in
te
rv
en
ti
on

.

R
et
en
ti
on

of
m
ot
he
rs

in
H
IV

ca
re
.

Fi
nd

in
gs

sh
ow

ed
th
at

98
%

of
pa
rt
ic
ip
an
ts

in
di
ca
te
d
th
at

it
w
as

he
lp
fu
l
to

ha
ve

a
ca
se

m
an
ag
er

as
si
gn
ed

to
su
pp

or
t
th
em

du
ri
ng

th
ei
r

pr
eg
na
nc
y
an
d
po

st
pa
rt
um

,
an
d
al
l

w
om

en
in
di
ca
te
d
th
at

th
ey

w
ou

ld
re
co
m
m
en
d
th
e
ca
se

m
an
ag
em

en
t

pr
og
ra
m

to
a
fr
ie
nd

.
T
he

pi
lo
t
in
te
rv
en
ti
on

pr
ov
id
ed

su
pp

or
t
to

H
IV

-i
nf
ec
te
d
w
om

en
on

H
A
A
R
T
du

ri
ng

la
te

pr
eg
na
nc
y
an
d

fo
r
si
x
w
ee
ks

po
st
pa
rt
um

to
be

fe
as
ib
le

an
d
w
as

hi
gh
ly

ac
ce
pt
ab
le
.

Po
st
-p
ar
tu
m

co
nt
ac
t
at

6
w
ee
ks

w
as

m
ai
nt
ai
ne
d
vi
a
ce
llp

ho
ne

w
it
h
88
%

of
en
ro
lle
d
w
om

en
an
d
vi
a
te
le
ph

on
e
or

cl
in
ic

vi
si
ts

am
on

gs
t
96
%

of
w
om

en
.

T
he

st
ud

y
w
as

no
t
po

w
er
ed

or
de
si
gn
ed

to
as
se
ss

ef
fi
ca
cy
.

T
he

st
ud

y
on

ly
co
lle
ct
ed

pr
os
pe
ct
iv
e
da
ta

an
d
co
m
pl
et
ed

qu
es
ti
on

na
ir
es

w
it
h
w
om

en
en
ro
lle
d
in

th
e
pi
lo
t
in
te
rv
en
ti
on

.

Sk
in
ne
r
et

al
.,
(3
8)

M
om

C
on

ne
ct

is
a
te
xt

se
rv
ic
e

pr
ov
id
ed

to
pr
eg
na
nt

w
om

en
an
d

ne
w

m
ot
he
rs
.

W
om

en
re
ce
iv
ed

te
xt

m
es
sa
ge
s

co
ve
ri
ng

br
oa
d
ar
ea
s
of

ch
ild

ca
re

an
d
he
al
th
.

T
he

st
ud

y
ai
m
ed

to
de
sc
ri
be

th
e

ex
pe
ri
en
ce
s
of

pr
eg
na
nt

w
om

en
an
d

ne
w

m
ot
he
rs

w
it
h
M
om

C
on

ne
ct

an
d
as
se
ss

pa
rt
ic
ip
an
ts
’
pe
rc
ei
ve
d

va
lu
e
of

M
om

C
on

ne
ct
,
an
d
ob
ta
in

su
gg
es
ti
on

s
fo
r
it
s
fu
rt
he
r

im
pr
ov
em

en
t.

E
m
po

w
er
ed

m
ot
he
rs

w
ho

ha
ve

sk
ill
s
to

ca
re

fo
r
th
ei
r

ch
ild

re
n.

T
he

pr
eg
na
nt

w
om

en
an
d
m
ot
he
rs

un
ifo

rm
ly

w
er
e
hi
gh
ly

ap
pr
ec
ia
ti
ve

of
M
om

C
on

ne
ct
.

Fi
rs
t-
ti
m
e
m
ot
he
rs

fe
lt
th
at

th
ey

ha
d
a

lo
t
to

le
ar
n
an
d
dr
ew

su
pp

or
t
an
d

co
nfi

de
nc
e
fr
om

th
e
m
es
sa
ge
s.

M
om

C
on

ne
ct

m
et

th
e
re
qu

ir
em

en
t
of

be
in
g
re
sp
on

si
ve

to
th
e
ta
rg
et

gr
ou

p’
s

ne
ed
s.

T
ra
ff
or
d
et

al
.,
(3
9)

M
om

co
nn

ec
t
w
as

in
tr
od

uc
ed

as
a

st
ra
te
gy

to
in
cr
ea
se

br
ea
st
fe
ed
in
g

ra
te
s.

W
om

en
re
gi
st
er
ed

w
it
h

M
om

C
on

ne
ct

re
ce
iv
e
he
al
th

in
fo
rm

at
io
n
th
ro
ug
h
te
xt

m
es
sa
ge
s

an
d
ha
ve

ac
ce
ss
to

a
he
lp
de
sk

w
hi
ch

al
lo
w
s
th
em

to
as
k
qu

es
ti
on

s
ab
ou

t
he
al
th

se
rv
ic
es

re
ce
iv
ed
.

T
o
pr
ov
id
e
ev
id
en
ce

to
w
ar
ds

a
ri
ch
er

un
de
rs
ta
nd

in
g
of

w
om

en
’s

pr
ac
ti
ce
s
ar
ou

nd
br
ea
st
fe
ed
in
g,

ke
y

in
fl
ue
nc
es

on
th
ei
r
de
ci
si
on

-
m
ak
in
g,
an
d
w
ha
tm

ig
ht

fa
ci
lit
at
e
or

pr
ev
en
t
th
e
en
ac
tm

en
t
of

th
ei
r

br
ea
st
fe
ed
in
g
in
te
nt
io
ns
.

In
cr
ea
se
d
br
ea
st
fe
ed
in
g
in
it
ia
ti
on

M
om

C
on

ne
ct

m
es
sa
ge
s
(o
ft
en

us
ed

in
co
nj
un

ct
io
n
w
it
h
he
al
th

w
or
ke
rs
’

ad
vi
ce
)
w
er
e
no

te
d
as

a
ve
ry

va
lu
ab
le

so
ur
ce

of
in
fo
rm

at
io
n
th
at

su
pp

or
te
d

w
om

en
’s
kn

ow
le
dg
e
an
d
de
ci
si
on

-
m
ak
in
g.

W
om

en
fo
un

d
M
om

C
on

ne
ct

em
po

w
er
in
g
an
d
us
ed

th
e
m
es
sa
ge
s
to

te
ac
h
th
ei
r
pe
er
s.

M
an
y
of

th
e
w
om

en
w
er
e

un
em

pl
oy
ed
.
E
vi
de
nc
e
sh
ow

s
an

as
so
ci
at
io
n
be
tw
ee
n
lo
w

ra
te
s
of

em
pl
oy
m
en
t
an
d
hi
gh

ra
te
s
of

br
ea
st
fe
ed
in
g.

Udenigwe et al. 10.3389/fdgth.2023.1263488

Frontiers in Digital Health 14 frontiersin.org57

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Udenigwe et al. 10.3389/fdgth.2023.1263488
presenting nutrition information through an interactive video, was

delivered to women at their doorstep. One study met the needs of

pregnant and postpartum women with HIV through the provision

of HIV counselling and support (37). This study also guaranteed

women’s privacy by protecting their sensitive health information.

Another study delivered mHealth programs at no cost to low-

income pregnant and new mothers (38).

Key finding 4: men have a pivotal role in maternal
health

Turning to another category of gender transformative

consideration, the aims or outcomes of three studies addressed

causes of gender-based health inequities. One study indicated

that SMS messages from the mHealth program challenged social

norms around the use of contraceptives and pregnancy risk (31).

Another mHealth program sought to enhance adequate nutrition

among pregnant women by involving men who are often major

decision-makers in maternal nutrition (33). Finally, one study

identified untreated men partners as primary drivers of syphilis

in women during pregnancy, therefore the program targeted

pregnant women’s partners to test for and treat syphilis

symptoms (36). Three studies included considerations under the

category of seeking to transform harmful gender norms. One

acknowledged that women faced an increased likelihood of

gender-based violence due to participating in the mHealth study

(28). The authors arranged for the protection of women by

providing urgent medical care where necessary and garnered

support for and protection of women from community

mobilizers. In another study, transforming gender norms also

meant educating couples (men and women) about family

planning through SMS text messages and supporting their joint

decision-making (31). One study encouraged women to share

text messages on pregnancy and child care with their spouses

(38). Within these messages, the dangers of domestic violence

were emphasized. Women reported a sense of support from

receiving and sharing messages with their spouses.

Gender considerations in two studies indicated strategies to

foster progressive changes in power relationships between

women and men; One study engaged men in family planning

education and decision-making support and also employed

innovative strategies to go beyond couples or individual

interventions but also community-level engagement to improve

knowledge on family planning (31). Another study fostered

progressive changes in power relationships between women and

men by legitimizing the importance of breastfeeding through

SMS text messages (39). Men’s disapproval of breastfeeding

deterred women from breastfeeding, however, women indicated

that receiving and sharing the text messages from the mHealth

program enabled them to resist pressure from men and

encouraged breastfeeding.

Key finding 5: findings from gender transformative
mHealth programs indicate positive results overall

Studies included in this review showed positive results overall.

One mHealth program aimed at altering postpartum women’s

habits and behaviour toward contraceptive use saw
Frontiers in Digital Health 1558
improvements in women’s knowledge of contraceptives (29).

Another mHealth program aimed at increasing exclusive

breastfeeding practice among postpartum women was described

as acceptable and functional by the participants (30). Including

men in a mHealth family planning program for postpartum

women improved their communication with their women

partners around contraceptive use (31). One study saw an

increased rate of skilled delivery attendance amongst women

participants as a result of the mHealth program (34). A mHealth

program that provided a 24-hour transport navigator system

reported improved maternal access to skilled pregnancy care

including virtual communications with their healthcare providers

(35). In another mHealth study, an intervention that aimed to

retain and support HIV-infected mothers was perceived as

helpful and supportive by participants (37). In two studies,

participants demonstrated the positive impact of MomConnect, a

mHealth program for pregnant and postpartum women. The

mHealth program was responsive to the needs of new mothers

and served as an empowering force toward positive breastfeeding

practices for women (38, 39).

However, not all studies reported positive findings. One

mHealth program was developed jointly with target participants

in order to reduce incidents of unintended pregnancies, however,

the program showed no clinically significant effect on unintended

pregnancies among participants (28). Additionally, other studies

indicated the need for a more explicit focus on gender

consideration in a mHealth program’s design or implementation.

One study targeted pregnant and breastfeeding women to

educate them on adequate nutrition during pregnancy (33).

While participants improved their knowledge of appropriate

nutrition during pregnancy and postpartum, they were powerless

to make any nutritional changes without support from their male

partners. Similarly, another study aimed at encouraging the

testing and treatment of STIs among male partners of pregnant

women indicated a limited or low effect of the program (36).

The authors pointed to insufficient gender considerations in the

mHealth design and implementation. In another mHealth study,

limited considerations of intersecting domains of disadvantages,

specifically gender and geographic location, led to the exclusion

of the most vulnerable of women (34). In the study which aimed

to improve women’s access to skilled birth attendants, women

were able to participate in the mHealth program regardless of

phone ownership or literacy status. The study saw improvements

in access to skilled birth attendants in urban areas but failed to

reach rural women who were in dire need of skilled attendants

during childbirth (34).

Key findings 6: gender considerations and
maternal health outcomes

Furthermore, this review offered some evidence on how gender

considerations influenced maternal health outcomes. In

considering gender differences, one study identified crucial

knowledge gaps that hampered post-partum women’s use of

modern contraceptives (29). Women’s unmet need for

contraception was exacerbated by their limited knowledge on

contraceptives. Through the mHealth program, women showed
frontiersin.org
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improved knowledge and more thorough understanding of

contraceptives. The authors highlighted the potential of increased

knowledge to improve contraceptive use among postpartum

women (29). In another study, specific considerations for

women’s limited phone ownership increased their odds of

exclusive breastfeeding for up to 6 months (30). Through the use

of group cell phones, women received text messages that

promoted optimal breastfeeding practices and were more likely to

breastfeed exclusively for the first 6 months. In a similar study

aiming to improve breastfeeding rates, text messages shared with

women and their families targeted unfavourable social norms

(39). Women felt empowered to make breastfeeding choices and

to resist pressure against breastfeeding that was often brought

about by patriarchal norms. Women in the study reported high

rates of breastfeeding. In a study aimed at improving postpartum

retention in HIV care, a mobile health program delivered health

information and reminder text messages to women directly from

their healthcare providers (37). Gender considerations ensured

that women’s HIV status was not disclosed in those text

messages. This study showed improved communication between

women and healthcare providers, especially among women who

wanted to maintain the privacy of their health information.

Overall, interactions with healthcare providers contributed to

women’s retention in HIV care (37).
Discussion

To our knowledge, this is the first systematic review reporting

evidence on gender transformative approaches in mHealth

programs for maternal healthcare in sub-Saharan Africa. The

study highlights the various approaches to integrating gender

transformative approaches in mHealth studies in line with the

WHO’s definition of a gender transformative approach to health

programs (18). The findings indicate that while most of the

evidence of transformative approaches centred on considering

women’s specific needs, there was a limited focus on advancing

gender equality. No study covered the entire categories of gender

transformative approaches and a few studies included approaches

from a maximum of three categories.

Our findings with the most significant policy concern are the

limited number of mHealth programs with an explicit focus on

gender transformative considerations. Gender transformation

was not necessarily central to most mHealth programs although

they manifested during the study. This highlights the need for

an explicit and intentional focus on gender considerations and

the promotion of gender equality in mHealth programs for

maternal healthcare. Our findings indicated that consideration

of only one gender target is often insufficient to effect change.

For instance, in a mHealth study to improve nutrition during

pregnancy and early childhood, women who were target

participants improved their knowledge of adequate nutrition,

but improved awareness did not translate into appropriate

action because men were not actively engaged in the program.

Improving nutrition by targeting women alone presupposes

their access to financial resources and decision-making power.
Frontiers in Digital Health 1659
In line with this insight are findings from studies in sub-

Saharan Africa that illuminate the gender power dynamics

inherent in the context of women’s nutrition and health (48).

The study highlighted the importance of considering women’s

broader social, cultural, and economic realities and involving

men in health interventions.

Engaging men in and of itself is not a panacea as illustrated by

another mHealth study in our review. The study observed that men

were the predominant drivers of syphilis in pregnancy and

encouraged women to recruit their men partners to test for and

treat STIs (36). The study saw poor attendance from men and

contended that gender-based barriers prevented effective

communication between partners. A similar study in Congo

highlighted the dangers of poorly designed mHealth programs

for engaging men in maternal healthcare (49). The study, jointly

targeting men and women, was designed to bridge the knowledge

gap around modern contraceptives but instead saw higher

participation among men than women. The study failed to

account for the digital gap whereby men were often primary

users of technology. As evidenced by our findings and the

broader literature, engaging men in maternal health requires a

deeper consideration of men’s privilege and power over women

(4). Men need to be engaged meaningfully in maternal health

programs.

Encouragingly, most of the studies showed positive findings in

advancing women’s access to maternal healthcare services.

Specifically, our findings show evidence of positive outcomes in

multi-sectorial approaches to enhancing maternal health. One

study from our review integrated breastfeeding promotion into a

microcredit program for pregnant mothers in Nigeria. The aim

was to improve women’s financial stability while supporting

breastfeeding through a mHealth program. Similar studies in the

literature demonstrate how multi-pronged gender transformative

programs for maternal health led to positive health outcomes. A

mHealth program in Kenya empowered women in informal

employment sectors to save for maternal health expenditure as

well as improve their knowledge of maternal healthcare (50, 51).

When financially empowered, women are more likely to seek and

adhere to skilled maternal health care (50, 51). Similarly,

programs to redress anemia in pregnant women in Burkina Faso

and DRC went beyond nutrition-related activities to involve

women in sanitation supply chain initiatives, enhance women’s

leadership in communities and shed light on gender-based

violence (52). These examples show a recognition of the complex

and interconnected factors that determine maternal health. They

also highlight the potential of mHealth to facilitate a

multisectoral approach to redress maternal mortality and

morbidity.

Findings from our study illustrate the influences of gender

considerations on maternal health outcomes. Our studies

highlight the importance of gender considerations such as

acknowledging that women are more likely than men to be

digitally excluded. According to the Mobile Gender Gap Report

2021 published by the GSMA, the gender gap in mobile phone

ownership in sub-Saharan Africa is at 13%, this translates to 74

million women who do not own a mobile phone (13). Studies
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1263488
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Udenigwe et al. 10.3389/fdgth.2023.1263488
have shown that enhancing women’s access to mobile devices

enhances their participation in mHealth studies, increases their

use of maternal healthcare services, and consequently improves

maternal health outcomes (24, 53). Our findings show that

women’s perception of the security of their health information

impacts their use of mHealth programs. A mHealth study that

guaranteed women’s privacy saw increased engagement with the

program and subsequent improvement in maternal health

outcomes (37). Similar to our findings, evidence from Tanzania

shows that positive perceptions of personal privacy and security

of a mHealth program enhances pregnant women’s

participation in the program (54). The study also showed

enhanced relationships between women and their healthcare

providers.
Policy implications

Implications of our findings for policy have been interspersed

in the discussion. We draw further attention to privacy as a

growing concern in digital health especially as it pertains to

sensitive health information (55). Disclosing private health

information puts women at increased risk of violence (37). Our

findings showed strategies for circumventing privacy issues such

as purposefully designed mHealth programs that deliver general

messages on HIV without divulging women’s HIV status. An

additional strategy could be the integration of password-

protected messages to ensure that only the intended recipient

reads messages. Beyond program-level strategies, the Global

Strategy on Digital Health advocates for country-level regulatory

frameworks to enhance the protection and confidentiality of

health data with the use of digital health (56). To address the

challenges identified in our findings, gender considerations must

be integrated into the planning and implementation of these

frameworks. Our findings also indicate the need for improved

digital access for women. Addressing issues related to

affordability and literacy is key to enhancing women’s access to

and use of mobile health technologies (57). This will require

cross-sectoral collaborations and an explicit focus on gender

perspectives in policies and plans for digital health. For instance,

subsidizing phones for women and girls and digital literacy

programs can overcome gendered access barriers to mobile

technologies (57).

An understanding of the existing gender ecosystem maximizes

the potential of digital health innovations and minimizes risks

particularly as it relates to engaging men in maternal health (58).

Our findings show the need for men to be engaged meaningfully

in maternal health programs. Strategies to enhance male

engagement in sub-Saharan African countries have included the

development of male engagement guidelines as evidenced in

Tanzania (59). It is important to note that while well-intended,

unintended consequences of these guidelines have been shown to

present challenges for women. For instance, partner absence

during antenatal care visits has resulted in delays in women

seeking healthcare or refusal of care by healthcare workers (59).

It is important to understand the existing gender ecosystem and
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assess the unintended consequences of strategies to engage men

in maternal health.

The lack of programs that address all the gender-transformative

categories indicates the need for a gender objective in each digital

health program. Canada’s International Development Research

Centre (IDRC) recommends that digital health programs in

underserved communities should include at least one research

question or objective that aims to understand gender issues (58).

This will address the noticeable risks of inadequate gender

considerations as observed in some of the studies. In our

findings, studies with explicit gender objectives also allowed

gender to inform further actions in the research process such as

data collection. Therefore, beyond having a clear objective to

consider gender issues, it is important to maintain a

commitment to adapting programs as gender issues become

apparent during the course of a program.
Future research

As demonstrated in our review, there is limited research on

gender transformative approaches in mHealth for maternal

health in sub-Saharan Africa. Given the transformational

potential of digital health, there is a need for more research on

how digital health can reduce inequalities for end users,

especially women and girls. Research is needed to investigate

how gender inequalities shape assumptions, design and

implementation of digital health tools. Studies also indicate the

need to meaningfully engage gatekeepers in society who enforce

gender power relations to enhance the success of digital health

programs. Critical gaps identified in our study point to the need

for methodologically strong gender transformative studies. There

needs to be greater consistency in quality terminology and

criteria that accommodate different study contexts. Future studies

can investigate the adverse effects of enacting gender

transformative approaches including familial tension because of

changes in gender dynamics in relationships.
Strengths and limitations

This study reviewed evidence from both quantitative and

qualitative studies thereby uncovering gender as presented from

different perspectives. This approach allowed the authors to

examine a robust pool of data while gaining insights into users’

experiences of gender-transformative mHealth programming. These

may not have been possible with only a quantitative or qualitative

review of evidence. Despite the generally successful outcomes of

gender transformative studies, these studies should be interpreted

with caution in light of a few low-quality studies. Low

methodological quality scores of studies are indicative of poorly

designed studies, therefore, while they may include the relevant

gender transformative dimensions, methodological gaps and low-

quality studies may exaggerate result outcomes and lead to incorrect

inferences. There is a need for more rigorous study designs,

especially for mixed methods mHealth studies for maternal
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healthcare. Furthermore, our analyses of findings indicate strong

individual and community-level approaches to gender integration in

mHealth programs. Similar approaches have been shown to

transform gender norms and health-related outcomes in sub-

Saharan Africa (60). However, previous research emphasizes gender

transformative approaches at the structural level including legal or

policy approaches (60, 61). These approaches have been shown to

transform health challenges brought about by gender inequality and

achieve effective and sustainable change.

Due to the language limitations of the authors, there was no

non-English mHealth study included in this review. The

authors may have missed other relevant studies that provide

evidence on gender transformative approaches. Another

limitation is that while the authors extracted the relevant data

using the WHO definition as a guide, the gender transformative

parameters were not explicitly stated in the studies. This calls

attention to the need for clear reporting guidelines for gender

considerations, especially in mHealth research. The literature

shows a growing recognition of the importance of consistent

standards for reporting gender considerations in health

research, however, the deficiencies in the quality of reporting

remain an issue (62, 63).
Conclusion

Digital health has been incorporated across the pregnancy

care continuum in efforts to address social determinants of

health, improve the quality of care and ensure positive maternal

health outcomes. To achieve meaningful impact, gender and

digital inclusion must remain a priority in developing,

implementing and evaluating digital health programs. This

study reviews gender transformative approaches to gender

integration in mHealth for maternal health in sub-Saharan

Africa. This review adopts the definition offered by the WHO

and interprets a gender-transformative digital health program as

one that “addresses the causes of gender-based health inequities

through approaches that challenge and redress harmful and

unequal gender norms, roles, and power relations that privilege

men over women”. Considering gender in and of itself is not

sufficient because some pathways to gender consideration in

health can exploit or accommodate harmful gender norms

rather than transform them. While this review affirms that

gender transformative approaches in digital health programs are

advancing maternal healthcare outcomes, we noted that most

programs were not substantively incorporating these

considerations into their design, implementation, or evaluation.

Implications of our study findings indicate the need for

mHealth studies to explicitly acknowledge how power dynamics,

values and norms impact maternal health and address these

factors throughout the course of a mHealth program.
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Despite the increasing importance of innovative medications and bariatric surgery for
the treatment of obesity, lifestyle interventions (diet and physical activity) remain the
first-line therapy for this disease. The use of digital devices in healthcare aims to
respond to the patient’s needs, in order to make obesity treatment more
accessible, so our study aims to assess the safety and efficacy of a Digital Therapy
for Obesity App (DTxO) for achieving weight loss and its maintenance in patients
affected with obesity undergoing an experimental non-pharmacological treatment.
Here we present the study protocol of a prospective, multicenter, pragmatic,
randomized, double-arm, placebo-controlled, parallel, single-blind study on obese
patients who will be treated with a new digital therapy to obtain an improvement
in their disease condition through the application of different simultaneous
strategies (a dietary regimen and personalized advice program, a tailored physical
exercise program, a cognitive–behavioural assessment and program, alerts and
reminders, dedicated section on prescribed drugs intake, and chat and online visits
with clinical professionals). We believe that DTxO will offer a promising intervention
channel and self-regulation tool holding the potentiality to decrease treatment
burden and treat more patients thanks to the partial replacement of traditional
medical consultation with digital or telephone management, improving self-
engagement and reducing the high demands the “obesity pandemic” for both
patients and national health services in terms of time, cost, and effort.

Clinical trial registration: clinicaltrials.gov, identifier, NCT05394779.
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1. Introduction

Obesity is defined as a multifactorial disease characterized by

an excess of body fat which is associated with a significantly

higher risk of multiple chronic diseases, for example diabetes

mellitus, cardiovascular disease (CVD), depressive disorder, and

different types of neoplasia (1–3). Moreover, obesity is associated

with significant impairments in patients’ quality of life and even

a reduction of life expectancy ranging from 5 to 20 years (4, 5).

Its prevalence has been globally increasing in the last 50 years

to the extent that it is nowadays defined as an “obesity pandemic”,

with the Global Burden of Disease (GDB) recently reporting that

almost one third of world population can be listed as overweight

or obese (5). Also in Italy obesity prevalence is rising, increasing

by almost 30% in adult population in the last 30 years (6).

Despite the increasing employment of medications and bariatric

surgery for the treatment of obesity (7), lifestyle interventions

(hypocaloric diet, physical activity, and cognitive-behavioral

therapy) remain the first-line treatment (8). However, long term

weight loss maintenance can be difficult both for metabolic

readjustment and for the arduousness in lifestyle changes

compliance, and patients often suffer weight regain following

initial weight loss (9–11). Moreover, although drastic lifestyle

changes usually lead to clinically significant and durable weight

loss, they often require multiple in-person sessions with high

demands for patients and national health services in terms of

time, cost, and effort (12). Therefore, behavioral weight loss still

has the unsolved issue of how to reduce healthcare intensity not

affecting the regular social support, reliability, and feedback

essentials to improve and preserve the “patient empowerment”.

This recent concept has been proposed for managing diabetes

(13) and is based on the concept that the patient is more

encouraged to follow self-chosen behavioral adjustments than

changes prescribed by others. Self-education with extensive

lifestyle modifications and systematic self-monitoring provides

positive and long-term effects on metabolic profile, together with

quality of life, knowledge, and healthy behavior improvements (14).

It is in this context that digital health tries to respond to the

patient’s needs and makes the management of this condition more

accessible (15). Scientific research has investigated different options

of weight loss programs (computer, TV programs, smartphone

applications), in order to meet patient’s necessities and make

obesity treatment more available (15). Smartphones indeed can be

a valid option becoming a self-education device holding the

capacity to reduce healthcare’s workload and treat more people

through the partial replacement of traditional medical consultation

with digital or telephone management (16, 17). This approach

seems the most convenient and accessible, considering the

widespread use of smartphones among the population and the fact

that weight-loss apps (Apps) can help reinforce dietary plan
0265
compliance, physical activity, and weight monitoring with the

expedient of progress awareness through goals’ achievement (18,

19). Consistent with these findings, our study aims to assess the

safety and performance of a Digital Therapy for Obesity App

(DTxO) for weight loss and its maintenance in patients affected

with obesity undergoing an experimental non-pharmacological

treatment. The primary objective is to evaluate the weight loss in

patients using DTXO compared to control patients (Placebo App

patients DTXO after a period of 6 and 12 months of DTXO use.

The secondary objectives are:

1. To assess the degree of dietary recommendation adherence

(Mediterranean dietary pattern questionnaire) and of

improvement of food and nutrition knowledge (Food Knowledge

Moynihan Questionnaire) of the two groups during our study

2. To evaluate the reduction of physical inactivity (reduction)

(IPAQ Questionnaire), lower limbs physical function

improvements (SPPB test) randomized in the two

randomized group.

3. To measure the reduction of stress (DASS-21 scale), the

increase in goodwill to approach therapy (URICA-28 scale),

the increase in the (various) self-esteem in coping with life’s

challenges (GSES-10), the measure of Binge Eating Behaviour

(BES-16 scale), the measure of emotion regulation problem

(DERS-36 scale), the increase of quality of life (PGWBI

questionnaire), the measure of sleep habits (PSQI) in each

randomized group

4. To identify the level of acceptability in the use of DTxO after 12

months
2. Material and methods

2.1. Study design

This is a prospective, multicenter, pragmatic, randomized,

double-arm, placebo-controlled, parallel, single-blind study on

obese patients treated with a new digital therapy (DTX Obesity)

to obtain an improvement in their disease condition through the

application of different simultaneous strategies (a dietary regimen

and personalized advice program, a tailored physical exercise

schedule, a cognitive-behavioural assessment and program, alerts

and reminders, dedicated section on prescribed drugs intake, and

chat and online visits with clinical professionals) (see Figure 1).
2.2. Study setting

The clinical centers involved in the trial are Istituto

Auxologico Italiano and Azienda Ospedaliero-Universitaria
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https://doi.org/10.3389/fdgth.2023.1159744
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


FIGURE 1

Study design of the DEMETRA study.
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Consorziale Policlinico Di Bari, specialized centers in obesity care.

Both centers fully take part in trial activities, in the enrolling and

take in charge of participants, implementation of interventions,

and assessment of results. Heterogeneity is guaranteed both by

the high number of patients, all enrolled in a comprehensive

obesity outpatient clinic, and by the fact that the two centers

are respectively in North and South of Italy, areas with different

lifestyle and food habits.
2.3. Study duration

The estimated study duration is 16 months. Recruitment will

last approximately 4 months. Each patient will be followed for

approximately 12 months after the baseline visit.
2.4. Eligibility criteria

2.4.1. Inclusion criteria
• Participants must be between 18 and 65 years of age at the time

of informed consent.

• Informed consent form (Capability of giving informed consent,

including compliance to requirements and restrictions listed in).

• BMI between 30.0 kg/m2 and 45 kg/m2.

• Participants must own, be prone to use technology of mobile

Apps (tech-savvy) and be able to download the App described

in the protocol.

• Italian language native speakers or foreign patients who fully

understand Italian language, as the information and

instructions for health programs will be in Italian.
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2.4.2. Exclusion criteria
• Diseases: recent cardiovascular event (<6months), heart failure (class

>II), GFR <60 ml/min, type 1 diabetes, cancer within the first 5 years;

drug or alcohol abuse, active eating disorder or history of bulimia and

anorexia nervosa, Binge Eating Scale score >27, psychiatric disorders

not compensated, score ≥2 in the “Depression,” “Anxiety” and

“Psychoticism” subscales of the Symptom Checklist-90-R; visual or

vision impairments; secondary obesity, Edmonton Obesity Staging

System score >4; bariatric surgery in the previous 2 years; referred

pain to lower limb joints on the Numeric Rating Scale ≥5; recent
(<6 months) weight loss ≥10%.

• Prior/Concomitant Therapies and other exclusions: Changed in

pharmacological therapy with drugs that may affect eating

behavior and/or energy metabolism during the last 3–6

months; participation in other weight-loss programs or in

other clinical trials; known child-bearing women; any

condition could the results of the study. Potentially interfering

with the results of the study according to the investigator.

The presence of inclusion criteria and absence of exclusion

criteria is investigated during the visit.
2.5. Recruitment

This study will include consecutive obese adult patients who

self-referred to obesity centers seeking weight-loss treatment at

the centers involved in the trial: patient enrolment will occur

during a visit with an endocrinologist and a dietitian. Before any

screening procedure, all patients must sign a written informed

consent for the study.
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2.6. Training

The training and experience necessary to use the device subject

to pre-market clinical investigation (a device with pending CE

marking and used in the investigation according to its intended

use) were evaluated during the risk assessment of the device. It

has been shown that the provision of information for safe use

(User Manual) is sufficient for the healthcare professional user.

Additionally, specific onboarding procedures for the patient have

been determined as per the onboarding experience. Users will

also be instructed to report any software malfunctions to the

assistance service by emailing a dedicated assistance portal.
2.7. Randomization

Patients will be randomly assigned 1:1 to the intervention or

comparison group according to a pre- defined, centralized

randomization list. Randomization is indeed globally guaranteed

between the two centers. To maintain an overall balancing

between groups, we will perform block randomization (using

random block sizes of 8 patients) (“plan”).
2.8. Blinding and unblinding procedures

Patients in the control arm will be provided with a placebo App

to maintain patients’ blindness to treatment allocation. Breaking the

blind during the study (for a single subject) should be considered

only when knowledge of the treatment assignment is deemed

essential by the investigator due to immediate safety concerns or is

considered essential for the immediate management of the subject,

and should be discussed with the sponsor beforehand, if possible.

It is the responsibility of the investigator to promptly document

and explain any unblinding to the sponsor. Any unblinding will

result in the discontinuation of subject participation from the study.
2.9. Study intervention

DTxO is an investigational therapeutic intervention for obese

patients, under clinical validation with a randomized and

placebo-controlled clinical trial for confirmatory purposes. DTxO

is downloadable software for mobile devices (smartphone, tablet),

classified as Class IIa Medical Device (MD), available for patients

as an application (App) that integrates different non-

pharmacological approaches. It is intended to improve weight

loss, weight-loss maintenance, and overall health in patients with

obesity by increasing their self-engagement, self-monitoring and

adherence to dietary/exercise and behavioral programs. The App

integrates different non-pharmacological approaches, engaging

the patient through monitoring of her/his/them non-vital

parameters, monitoring of patient diet and exercise, monitoring

of patient psychological status, prescription of exercise and diet

in a weight-loss program, and configurable data presentation

charts for provision of additional information to professional users.
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The Investigational Medical Device (IMD) consists of a

Medical Web Application, also called Medical Dashboard,

integrated into the electronic Case Report Form (eCRF), where

the physician will collect patient’s data necessary for enrolment

and profile creation; and a Patient App, which will allow

interacting with the patient to guide their behaviors, record

therapeutic outcomes and improve therapeutic adherence.

The DTxO App will provide a dietary regimen with a

personalized advice program, a tailored physical exercise program,

a cognitive–behavioural assessment and support program, alerts

and reminders, dedicated section on prescribed drugs intake and

dietary and exercise program, chat and online visits with clinical

professionals, and trophies to improve patient engagement. All

these tools aim not only to weight loss, but they also help patients

to improve their health and ameliorate their lifestyle.

The user downloads the App, creates their own account and

starts to use it at baseline visit, by answering to psychological

questionnaires and inserting food preferences. Thereafter, the app

is synchronized with physician platform, so that a dietary regimen

and a physical activity program is developed. The user then,

helped by alerts and reminders, should daily use the app for

consulting and filling in dietary, physical activity, and cognitive-

behavioural sections, follow thee app’s advice, be encouraged and

self-monitor the situation. The App sends feedback and changes

its advices, customizing them on the patient and going hand in

hand with the constant use by the patient. The experimental arm

will be compared with a control arm in which dietary and exercise

programs will be delivered through a standard paper-based

approach. The control arm will also be equipped with a placebo

App, not customized on the habits and feedback of the patient,

with no alerts and reminders nor chat or online visits.
2.10. Measurements and procedures

2.10.1. Baseline visit (V0)
During the first visit, the patient will sign the informed consent

form and will be evaluated for inclusion/exclusion criteria. Once

the enrolment is confirmed, the patient is randomized 1:1 to

either the experimental arm (DTx Obesity App) or control arm.

The physician will explain to the patient how to download,

access, and use the assigned App.
2.10.2. Follow-up visit
After the baseline visit, the patient will follow the dietary,

physical and psycho- behavioural programs suggested by the

physician and will use the DTXO/placebo App as explained by

the physician. Face-to-face follow-up visits are foreseen at 3

months (V1), 6 months (V2), 9 months (V3) and 12 months

(V4) after enrolment. During each visit, the following

assessments are performed:

• Physical examination

• Assessment of vital signs

• Laboratory blood tests

• Short Physical Performance Battery
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• Assessment of patient’s responses to psycho-behavioural

questionnaires by a psychologist. If any psycho-pathological

problem is detected, the patient is referred to a specialist and

exits the study.

• Recording of concomitant medications

• Safety assessment (adverse events investigation)

2.10.3. Telemedicine/remote contact
The Telemedicine visit and the remote contact between the

patient and the physician will occur in specific situations related

to weight- loss changes. This remote contact will allow the

physician to understand the entity of the patient’s symptoms and

to manage them promptly. These utilities are part of the digital

therapy: together with DTXO App, they will help patients to

achieve treatment goals and assist them. To guarantee a proper

assistance to all patients, control group was provided with email

address and telephone number of enrolment outpatient clinic in

case of need.
2.11. Study control

The efficacy of the DTXO App will be assessed with the

comparison of results with a group of patients treated with a

standard of care approach (paper-based, in-person) and a placeboApp.

The placebo App will include only the non-medical modules of

the digital therapy, for example, patient onboarding data and

access, while it will not include any medical module; for

example, the digital placebo App will not allow the input of the

patient’s reported clinical data nor provide indications or

reminders about the therapy or diagnosis.

The placebo App has been introduced to make the experience

of subjects in the control arm more similar to that of subjects in the

experimental arm; moreover, data collection through the placebo

app (questionnaires) will streamline the data collection process,

avoiding manual data entry and reducing the possibility of entry

errors. Through the placebo App, the patient will be asked to

complete weekly the Diet Adherence questionnaire (NRS scale).

No trend graph will be provided to the patient to monitor their

performance, nor any personalized content will be displayed.

standard clinical practice. The placebo App will be used only as a

data entry tool for questionnaires.

Patients in the control group will be provided with a dietary plan

and nutritional education and behavioral contents in paper format.
2.12. Statistical analysis

2.12.1. Calculation of sample numerosity
Considering the primary endpoint, an 80% power and a two-

sided type I error of 0.05 would be reached with a global sample

size of 172 patients (86 per group) in order to be able to

measure a 1.5 kg weight change after 6 months between the two

groups, assuming an SD of 3.5 kg and a drop-out rate of 30%.

We hence established a target of 246 patients considering a drop-

out rate of 30%.
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2.12.2. Data analysis
We will perform descriptive analyses (at each visit) by

computing categorical variables (percentages and frequencies)

and continuous variables (mean and median values, standard

deviations, quartiles, and extreme values). If useful, descriptive

data will also be examined graphically through histograms and

box-and-whisker plots. Appropriate statistical methods for

comparisons between- group (i.e., interventional vs. control

group) and within-group will be applied according to the nature

of the variables (continuous or categorical variables), as specified

in the following sections. % CI will not be finalized before the.

Data analyses will be conducted using SAS version 9.4 (SAS

Institute, Cary, NC, USA) statistical software.
3. Results

The advantage of the study is the possibility to provide

simultaneous treatment strategies to improve the health status of

obese patients. We expect that the concurrent application of these

strategies and the possibility of customizing patients’ activities

based on their habits and feedback will allow greater benefits than

the application of separate, no customized programs and a

standard paper-based in- person approach. Both treatment arms

will receive potential benefits by participating in this study.

The control arm will receive the current standard of care (paper-

based approach and face-to-face follow-up visits) for obese patients

with the addition of a placebo app. However, greater benefits are

hypothesized in the experimental arm due to the possibility of

customization of physical activity in accordance with the

perceptions and feedbacks of the patient, the availability of

notifications and reminders for drug intake (dosage, frequency) to

improve treatment adherence, the availability of contents to

support and favor compliance with the prescribed diet, the

possibility to schedule an online visit or communicate with the

clinical specialist via chat through the App, and the availability of

multimedia psycho-behavioral content (motivational exercises,

self-acceptance exercises, mindfulness exercises, interactive

emotional eating exercises, self-efficacy exercise).

Differences between the DTxO and the App placebo are

reported in Table 1.
4. Discussion

Considering the “obesity pandemic”, the benefits of lifestyle

changing and the widespread use of smartphones among the

population, the DTxO offers a promising intervention channel and

self- regulation tool holding the potentiality to decrease treatment

burden and treat more patients thanks to the partial replacement

of traditional medical consultation with digital or telephone

management. This approach seems the most convenient and

accessible, since weight-loss apps (Apps) can help reinforce dietary

plan compliance, physical activity, and weight monitoring with the

expedient of progress awareness through goals’ achievement (18, 19).
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TABLE 1 Differences between the dTxO and the App placebo.

DTXO App
placebo

Diet
Dietary plan and personalized suggestions’ alerts X

Dietary questionnaires

Mediterranean-style eating questionnaire X X

Questionnaire food knowledge Moynihan questionnaire X X

Dietary program self- assessment

Diet adherence (NRS scale) X X

Diet enjoyment (NRS scale) X

Hunger/satiety scale (NRS scale) X

Physical activity
Physical activity plan X

Physical activity program self- assessment

Level of physical activity questionnaire (IPAQ) X X

Fatigue perceived (NRS scale), Pain perceived (NRS
scale)

X X

Psycho-behavioural assignment
Psychobehavioural self- assessment X X

DASS-21, URICA-28, GSES-10, BES-16, DERS-36,
PGWBI, PSQI

Recording of concomitant medications X

Telemedicine/remote contact X
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Different randomized controlled trials investigated the effects

of digital health tools in weight-loss interventions in overweight

and obese patients, showing the potential efficacy of self-

monitoring of diet and physical activity with mobile phones

combined with behavioural counselling or a newly developed,

multifactorial, and daily-based personalized program for

cognitive–behavioural therapy (CBT) conducted by a psychologist

(20–22). One study also showed that the use of the digital health

care service together with the support of a therapist online led to

better results in anthropometric measures, for example body

composition and body weight, and physiological indices and

obesity-related psychological factors compared to the use of the

app combined with self-care and no therapist intervention, thus

suggesting that programs based on technological devices should

be multidimensional and are undoubtedly most effective in

combination with human support (23). Interestingly, literature

data suggest that subjects using Apps related to health to record

diet, physical activity, and health-related behaviours, gain

significantly better results when the three dependent variables

(i.e., lifestyle, physical activity, and eating behaviour) are

combined compared with non-users (24).

Nevertheless, it was clear that app-based recording devices can

be very appealing, considering the ascertained relationship between

lifestyle and chronic diseases, since they can be very effective in

preventative healthcare measures, increasing self-engagement,

self- monitoring and adherence to dietary/exercise and behavioral

programs. The App integrates different non-pharmacological

approaches, engaging the patient through monitoring of her/his

nonvital parameters, monitoring of patient diet and exercise,

monitoring of patient psychological status, prescription of

exercise and diet in a weight-loss program, and configurable data

presentation charts for provision of additional information to
Frontiers in Digital Health 0669
professional users. Apps can be considered promising, since they

can be harnessed for monitoring and motivation of patients to

persevere in a healthy lifestyle (24).
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Transforming healthcare delivery: 
a descriptive study of a novel 
provider-to-provider virtual care 
platform
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Introduction: Addressing challenges in access to specialty care, particularly 
long wait times and geographic disparities, is a pressing issue in the Canadian 
healthcare system. This study aimed to evaluate the impact and feasibility of 
provider-to-provider phone consultations between primary care providers (PCPs) 
and specialists using a novel virtual care platform in Nova Scotia (Virtual Hallway).

Methods: We conducted a cross-sectional survey over 5 months, involving 211 
PCPs and 34 specialists across Nova Scotia. The survey assessed the need for 
formal in-person referrals as well as clinician satisfaction. Statistical methods 
included descriptive statistics and the one-sample t-test.

Results: We found that 84% of provider-to-provider phone consultations 
negated the need for an in-person specialist referral. It was also reported that 
90% of patients that did require in-person consultation had enhanced care while 
they awaited an in-person appointment with a specialist. Very high levels of 
satisfaction were reported among both PCPs and specialists, and there was a 
noticeable increase in billing volumes related to these consultations as measured 
by provincial billing codes.

Conclusion: The findings indicate that provider-to-provider phone consultations 
are feasible, well-accepted and also effective in reducing the need for in-person 
specialist visits. This approach offers a promising avenue for alleviating waitlist 
burdens, enhancing the quality of care, and improving the overall efficiency of 
healthcare delivery.

KEYWORDS

virtual care solutions, Hallway medicine, healthcare solution, digital healthcare, peer to 
peer communications, healthcare technologies, synchronous communication 
technology, eConsult

Introduction

Access to specialty care remains a pivotal concern for healthcare systems around the world. 
This paper explores an innovative approach to enhancing this access through synchronous 
provider-to-provider communication between primary care providers and specialists, with a 
focus on the Canadian healthcare context. The central contribution of this study is to provide 
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an empirical analysis of how digital platforms, specifically using a 
platform called Virtual Hallway, can streamline the referral process, 
reduce wait times, and democratize access to specialty 
healthcare services.

Background

The Canadian healthcare system faces substantial hurdles in 
specialty care provision, with patients enduring lengthy wait times 
that span an average of 26 weeks, though this can vary between 
provinces (1). The crux of the issue lies not only in these protracted 
delays but also in the uneven distribution of healthcare specialists, 
who are predominantly located in urban areas. This geographic 
inequality necessitates often burdensome travel for rural inhabitants 
and disproportionately impacts those with limited resources (2). 
Adverse health and economic consequences are well-documented, 
with delays leading to severe outcomes such as increased morbidity 
and mortality (3, 4).

One potential solution to improve access to specialty care is 
to reduce the barriers to engaging in peer-to-peer consultation 
between primary care providers (PCPs) and specialists. Primary 
care physicians and nurse practitioners serve as the entry point 
for patients to access healthcare services, including specialty care. 
In most situations, a patient must be referred by a PCP to access 
specialty care. Referrals must be reviewed for appropriateness 
and completeness, triaged to determine urgency, and then patient 
appointments are subsequently booked based on information 
provided in a referral. However, it has been observed that many 
formal referrals and specialist-patient consultations could 
be avoided if the PCP could consult directly with the specialist, 
thereby reducing wait times and potentially improving patient 
outcomes (5).

Electronic consultations (eConsults) can facilitate PCPs 
seeking specialist advice digitally, in writing, and without the need 
for an in-person referral (6). Another promising avenue is the 
utilization of synchronous peer-to-peer consultations, whereby the 
PCP arranges a phone consultation with a specialist, receives 
verbal advice, and subsequently implements the recommended 
care plan. This approach has the potential to optimize access to 
specialty care and reduce waiting times for patients who do not 
require formal specialist consultation through specialist-PCP 
phone consults.

To date, the evidence for peer-to-peer communication in 
medical care has been limited by heterogeneity (i.e., differences in 
program type, outcome measures) as well as a paucity of studies 
specifically focusing on synchronous provider-to-provider phone 
consults (7).

Purpose

This descriptive study sought to answer the following questions: 
how do primary care providers (PCPs) and specialists utilize Virtual 
Hallway (a novel phone consultation platform) for peer-to-peer 
communication? What impact does the platform have on in person 
referrals? What impact does it have on billing code usage? Is this novel 
virtual care platform satisfactory?

Methods

Setting

The pilot project was conducted in partnership with Nova Scotia 
Health and the Coordinated Accessible National (CAN) Health 
Network over a five-month period starting in May 2022. Nova Scotia 
has a population of just over 1 million people spread across 
approximately 55, 284 square kilometers. The participants involved 
nurse practitioners, family medicine specialists, and medical 
specialists. Physicians (both referring and consulting) have been 
eligible for compensation for synchronous provider-to-provider 
consultation since April 2017 as described in the Nova Scotia Medical 
Services Insurance Interim Fee Guide.1

Virtual Hallway platform

Virtual Hallway is an online platform that facilitates provider-
to-provider patient-focused virtual consultation via synchronous 
telephone conversations. To initiate a phone consult request, a 
requesting provider (usually a primary care provider but 
occasionally a specialist) logs onto the Virtual Hallway system and 
completes an electronic form for a patient-specific question, with 
an option to attach any relevant patient documents (e.g., laboratory 
results, images). Primary care providers submitting the request for 
consult can book a phone consultation with a specific specialist of 
their choosing. The service is offered at no cost to patients and 
providers, and fee-for-service specialists and family physicians are 
reimbursed using existing provincial billing codes. The encounter 
consists of a brief phone call (typically about 10 min) between the 
providers that occurs on a date and time specified by each provider. 
At the conclusion of each phone consult, the specialist completes 
a consult report summarizing the advice given. The platform 
complies with all applicable Canadian healthcare privacy 
legislation including PIPEDA and provincial privacy acts (PHIA, 
PHIPA, HIA, etc.). It also secures patient data using Medstack 
which is a data security compliance platform for digital health 
applications that adheres to all standard healthcare security 
frameworks including: HIPAA, SOC2 and ISO 27001.

Study design

This was a cross-sectional survey of all healthcare providers using 
the Virtual Hallway platform from July 14 to November 10, 2022 to 
determine the acceptability and feasibility of peer-to-peer phone 
consultations among healthcare providers.

A population-based sampling approach was used. This study was 
conducted in Nova Scotia, Canada between July 14, 2022 and November 
10, 2022. This study conforms to the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) guidelines for 
reporting cross-sectional, observational studies.

1  https://msi.medavie.bluecross.ca/wp-content/uploads/sites/3/2023/08/

Interim-Fee-Reference-Guide.pdf
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The survey was developed using an iterative participatory design 
including the investigators and users of the platform to ensure it 
aligned with the needs of both the clinician users and the local health 
system (8). The questions were designed to assess the acceptability of 
the platform as well as the need for and quality of subsequent 
in-person referral. At the close of each consultation, the specialist and 
the requesting provider were requested to complete closeout surveys 
embedded within the Virtual Hallway platform related to the 
experience of the completed consult. The questions are found in 
supplement A.

Recruitment and respondent 
characteristics

Participants were recruited using a convenience sample of the 
entire population of interest. All providers on the Virtual Hallway 
platform interested in conducting phone consults and licensed to 
practice medicine in the province of Nova Scotia were eligible to 
create an account in the system and participate in synchronous 
provider-to-provider virtual phone consults. Physicians, NPs, and 
specialists were informed of the service through a combination of 
email communications, fax communication, and general 
information available on the website. All providers that were 
already registered at the time of study initiation were able to 
complete the questionnaire each time they completed a phone 
advice call. There were a limited number of volunteer participants 
which mitigated potential risks from this research and data 
collection ensured participant privacy by de-identifying the 
information collected. An exemption letter was obtained from the 
Nova Scotia Health Research Ethics Board as a program evaluation 
study in accordance with Chapter 2 of the Tri-Council Policy 
Statement guidelines.

Data collection and analysis

The digital questionnaire was administered through the 
platform at the end of each virtual consultation. Characteristics of 
respondents were described using appropriate univariable 
statistical approaches for continuous and categorical data. Likert 
scale responses to survey questions were reported as medians with 
interquartile ranges and the proportion responding to each 
category were also described.

Questions such as, level of satisfaction with consult experience 
were captured in a 5-point Likert-scale ranked from 1 (strongly 
disagree) to 5 (strongly agree), with 3 being neutral. These responses 
were analyzed by computing descriptive statistics (mean, median, 
mode and standard deviation). Mean Likert scale values were 
interpreted as the overall agreement toward a variable in the 
questionnaire. To determine the statistical significance of the 
difference of the mean from the neutral value, we  performed the 
one-sample t-test (alpha level = 0.05).

To analyze dichotomous variable responses (yes/no), such as 
referral avoidance due to phone consultation, we measured the 
frequency distribution of the overall responses and by specialty 
groups to determine response variance over different specialties.

Results

Response rate and respondent 
characteristics

Two-hundred and eleven PCPs from across Nova Scotia 
participated in the pilot study by completing at least one or more 
consults along with the associated closeout survey(s). This accounted 
for approximately 15% (211/1357) of the active PCPs in the province. 
The survey response rate by PCPs was 81.8%, whereas for specialists 
the response rate was 72.1%. We  received 654 closeout survey 
responses from specialists; for data completeness we  excluded 
incomplete responses, leaving a total 632 responses. There were 34 
specialists who participated across 17 specialty areas (mean number 
of cases per provider = 17.7, sd 27.3 range 2–156). We received 614 
closeout survey responses from PCPs. There were 608 after excluding 
incomplete responses. A total of 181 PCPs participated (mean number 
of cases per provider = 3.33, sd 4.8, range 1–45).

The most consulted specialties were general internal medicine 
(39%) and psychiatry (18%), followed by rheumatology (6%) and 
obstetrics and gynecology (5%) (Figure 1).

Impact on need for formal consultation

PCP survey results indicated that 84% (511/608) of phone consults 
resulted in avoidance of the need for an in-person referral (Table 1). 
Among the remaining 16% of phone consults that did not eliminate 
the need for a referral, the PCP respondents indicated that none (0%) 
of those were initially intended to avoid an in-person referral. PCPs 
indicated that for 87% of the phone advice calls that ended up 
requiring a formal consultation, that the phone advice improved the 
quality of the in-person referral. Ninety percent of PCP consultations 
were found to have enhanced the patient’s care while they awaited an 
in-person appointment with a specialist.

Stratified analysis by specialty revealed variability in the 
percentage of cases avoiding a formal in-person consultation. PCPs 
reported the avoidance of formal in-person specialist consultation in 
93.7% (194/207) of phone advice calls with internal medicine followed 
by 87.8% (101/115) with psychiatry—with at least 40% of in-person 
referrals being avoided across all specialties. All responses by PCPs on 
avoiding a formal in-person consultation by specialty is provided in 
Table 2.

A total of 608 responses were received from specialists for the 
post-phone consult survey (Table 3). Specialists reported that 42% of 
the cases reviewed would have been at least somewhat necessary for 
an in-person consultation had the referral been made through 
traditional in-person routes. In contrast, in-person consultations were 
deemed unnecessary for 58% of the cases.

User satisfaction

Nearly all PCPs reported a high level of satisfaction with their 
consult experience, with 99% indicating they were either “very 
satisfied” or “satisfied” (Figure  2) (mean 4.93, sd 0.29, p < 0.01). 
Ninety-six percent of specialists were either “very satisfied” or 
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“satisfied” with the consult experience (Figure 3) (mean 4.75, sd 0.54, 
p < 0.01).

Billing volumes

The number of synchronous provider-to-provider virtual 
consultations are reflected in billing volumes for codes 03.09 K (billed 
by specialist provider completing consultation) and 03.09 L (billed by 
referring provider requesting consultation). Although volumes have 
increased progressively since the introduction of these billing codes in 
2017, there is a notable deflection in volumes from 2021 to 2022 which 
correlates to the time period of this study (Figure 4).

Discussion

This study examined the acceptability and impact of synchronous 
provider-to-provider communication for improving specialty care access 
within the Canadian healthcare landscape using a novel digital platform. 
The aims of the study were to determine to what extent synchronous 
provider-to-provider consultations reduce the need for in-person 
specialist appointments, determine the acceptability of the platform, and 
to describe utilization patterns of these consults by healthcare providers.

FIGURE 1

Percentage of total consults by specialty during pilot study.

TABLE 1  Result of the closeout survey of referring physicians and nurse 
practitioners on closing the phone consult.

Did this Virtual Hallway consultation avoid the need for 
an in-person referral?

Cases reviewed between 
[2022-07-14] and [2022-11-

22] n  =  608

Yes 84%

No 16%

Subset of survey to those referring physicians and practitioners that answered No. 

(n = 97)

Was this consultation intended to avoid referral?

Yes 0%

No 100%

Did this consult improve the quality of your referral?

Yes 87%

No 13%

Did this consultation improve the patient’s care while they wait for an in-person 

referral?

Yes 90%

No 10%
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Our findings demonstrate a higher-than-average physician 
response rate and that phone consultations significantly reduce the 
need for in-person referrals—with higher referral avoidance compared 
to other modalities of peer-to-peer communication found in the 
literature (e.g., eConsults). We also found that even those consults that 
go on to in-person referrals are enhanced through phone consultation. 
Of note, there was discrepancy found between PCPs and specialists 
regarding perceived need for in-person referrals following phone 
consults, although there were uniformly high satisfaction ratings for 
these phone interactions.

The primary finding is that PCPs identified that 84% of all 
synchronous provider-to-provider consultations avoided the need for 
an in-person referral. In Canada, wait times for specialist 
appointments are an all-time high (1). As a result, these synchronous 
provider-to-provider consultations could have significant impacts on 
alleviating the burden on waitlists and improving access to specialty 

care. If this finding continues to be replicated, then this model of 
consultation offers potential time and cost advantages compared to 
in-person referrals. Consequently, synchronous provider-to-provider 
consultations may provide a more efficient and affordable approach to 
specialty care access, reducing the burden on healthcare systems and 
patients alike (7).

In addition to referral avoidance, this study revealed that in cases 
where the synchronous consultations did not eliminate the need for 
an in-person referral, they provided valuable benefits through an 
improvement in the quality of the subsequent in-person referral or an 
optimization of patient management while on the waitlist. 
Interestingly, our study identified a discrepancy between the 
perceptions of specialists and PCPs regarding the necessity of referrals. 
Specialists indicated that over half of the phone consults (58%) would 
have been unnecessary or somewhat unnecessary if they had been 
referred in-person, whereas PCPs reported that 84% of cases would 
have been referred for in-person consultations if not for the phone 
consult. This incongruence highlights the need for improved 
communication and understanding between specialists and PCPs to 
optimize the referral process and resource allocation in the healthcare 
system (9).

The potential to reduce waitlists is a significant advantage of 
synchronous provider-to-provider consultations. Our findings are 
consistent with previous research on electronic consultations 
(eConsults), which have been shown to improve access to specialty 
care and reduce wait times; with up to 65% of eConsults avoiding the 
need for in-person specialist referral (6, 10, 11). The current study 
found potential referral avoidance beyond the upper range of these 
studies. One possibility for the disparity between these two peer-to-
peer consultation methods is that phone consults allow a synchronous 
dynamic conversation to take place, being able to clarify and ask 
questions, which may allow a greater scope of consultation. As 
described from one of the physician focus groups in the Cook et al. 
(12) study: “I find the value of communicating on the phone because 
it’s two ways, back and forth, and then I  get my answers right 
away” (12).

By decreasing the number of unnecessary in-person referrals, 
phone consultations could contribute to more efficient resource 
allocation and streamlined access to specialty care for patients 
in need.

The satisfaction ratings reported among healthcare providers 
suggests a high level of acceptability of this model of synchronous 
provider-to-provider consultations. Provincial billing volumes 
demonstrated a progressive increase in uptake of provider-to-
provider synchronous consultation since compensation was first 
introduced in 2017. There is a notable deflection point in the 
volume data from 2021 to 2022, which correlates to the significant 
expansion of the platform users within the province. The platform 
supported increased uptake of phone consultation relative to the 
status quo of unsupported booking, documentation, and billing. 
Although compensation for this form of care is available 
independent of the Virtual Hallway platform, there are significant 
administrative barriers related to booking times when both 
referring, and specialist, physicians are available. This is one of the 
major advantages of the platform, as it facilitates physician-to-
physician communication without administrative staff, or the 
complex scheduling previously required among clinics. Additional 
benefits of the platform include ease of documentation and 

TABLE 2  Result of the closeout survey of PCP consultants on closing the 
phone consult by specialty of the consultation.

Did this Virtual Hallway consultation avoid the need for 
an in-person referral?

Total 
consults

Answer yes: 
n (%)

Internal Medicine 207 194 (93.72%)

Psychiatry 115 101 (87.83%)

Infectious Disease 8 7 (87.5%)

Endocrinology 42 36 (85.71%)

Rheumatology 34 27 (79.41%)

Hematology 43 34 (79.07%)

Pediatrics 19 15 (78.95%)

Dermatology 18 13 (72.22%)

Obstetrics and Gynecology 37 26 (70.27%)

General Surgery 13 9 (69.23%)

Gastroenterology 19 13 (68.42%)

Child and Adolescent Psychiatry 12 8 (66.67%)

Orthopedics 12 8 (66.67%)

Otolaryngology 8 5 (62.5%)

Urology 6 3 (50%)

Pain Medicine 5 2 (40%)

TABLE 3  Result of the closeout survey of specialist consultants on closing 
the phone consult.

If this patient had been referred directly to your clinic, 
would the referral have been:

Answer Cases reviewed between [2022-
07-14] and [2022-11-10] (n  =  608)

Necessary 26%

Somewhat necessary 16%

Somewhat unnecessary 10%

Unnecessary 48%
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automated billing functions, all of which minimize the 
administrative burden associated with care delivery.

One of the strengths of this study was having a high response rate 
(72% for specialists and 82% for PCPs) given the typically low 
historical response rates for physician surveys (typically well below 
50%) (13, 14). This may indicate that this system, with immediate, 
real-time feedback, provides a unique and effective way of surveying 
physicians compared to alternative strategies such as email reminders, 
financial incentives or even personalization, all of which have 
uncertain benefits and significant variability in the literature (14). The 
high satisfaction ratings by both PCPs and specialists also suggests 
high feasibility for implementation into clinical practice across 
primary care and specialty areas.

Limitations of our study include the use of a convenience sample 
and a focus on a single Canadian province, which may limit the 
generalizability of the results. Additionally, the study did not assess the 
long-term impact of phone consultations on patient outcomes or 
healthcare system performance. Another limitation includes the 

survey questions which may introduce potential bias toward positive 
responses. Furthermore, this was a pilot study and may not have had 
a sample size sufficient to detect a true effect and may be subject to 
selection bias. Results should not be  interpreted as providing 
conclusive evidence, but rather as guidance for future research. Future 
research should utilize objective measures of healthcare quality, 
outcome, and utilization to evaluate the effectiveness of phone 
consultations in other healthcare settings and populations. 
Comparative studies between phone consults and other forms of peer-
to-peer communication should be  conducted to understand the 
relative benefits of different modalities.

In conclusion, this pilot study demonstrates the potential of 
provider-to-provider synchronous virtual care to address the pressing 
issues of waitlists and access to specialty care in the Canadian 
healthcare system and the benefit of a novel digital platform in 
supporting uptake of this care modality. The findings suggest that 
phone consultations are well-accepted among healthcare providers 
and can avoid a significant proportion of in-person referrals. 

FIGURE 2

PCP satisfaction survey.

FIGURE 3

Specialist survey.
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Moreover, phone consultations may provide a more time-efficient and 
cost-effective alternative to in-person referrals, with the potential to 
reduce waitlists, improve patient outcomes, and enhance the overall 
quality of care.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Nova Scotia 
Health Research Ethics Board. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The ethics committee/institutional review board waived the 
requirement of written informed consent for participation from the 
participants or the participants’ legal guardians/next of kin because 
research relies exclusively on secondary use of anonymous 
information, with the process of data recording and dissemination of 
results not generating identifiable information.

Author contributions

KT: Data curation, Formal analysis, Writing – original draft, 
Writing – review & editing. JJ: Conceptualization, Investigation, 
Methodology, Writing – original draft, Writing – review & editing. 
AM: Formal analysis, Writing – review & editing. AA: Data curation, 
Formal analysis, Methodology, Writing – original draft, Writing – 
review & editing. SM: Validation, Writing – review & editing. DR: 
Conceptualization, Methodology, Writing – original draft, Writing 

– review & editing. JC: Conceptualization, Methodology, Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors would like to thank the Nova Scotia Health 
Innovation Hub for their support.

Conflict of interest

DR and JC are co-founders of Virtual Hallway Consults Inc., 
which developed the provider-to-provider platform that is under 
investigation in this study. AA is currently employed by 
Virtual Hallway.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

FIGURE 4

Total number of Nova Scotia province-wide 03.09  K and 03.09  L billing submissions by year. Deflection point reflects timepoint when Virtual Hallway 
was initiated for this study.

77

https://doi.org/10.3389/fpubh.2023.1284566
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tennankore et al.� 10.3389/fpubh.2023.1284566

Frontiers in Public Health 08 frontiersin.org

References
	1.	Moir Mackenzie, Barua Bacchus. (2022). Waiting your turn wait times for Health 

Care in Canada, 2022 report. Available at: https://www.fraserinstitute.org/sites/default/
files/waiting-your-turn-2022.pdf.

	2.	Bosco C, Oandasan I. Review of family medicine within rural and remote Canada: 
Education, practice, and policy. Mississauga, ON: College of Family Physicians of 
Canada. (2016). Available at: http://www.cfpc.ca/ARFM.

	3.	Bacchus B, Nadeem E, Taylor J. The effect of wait times on mortality in Canada. 
Fraser Institute. (2014). Available at: https://www.fraserinstitute.org

	4.	Day B. The consequences of waiting In: Reducing wait times for Health care: What 
Canada can learn from theory and international experience, edited by Steven Globerman 
(2013). 43–75.

	5.	Keely E, Liddy C, Afkham A. Utilization, benefits, and impact of an e-consultation 
service across diverse specialties and Primary care providers. Telemed E-Health. (2013) 
19:733–8. doi: 10.1089/tmj.2013.0007

	6.	Liddy C, Moroz I, Afkham A, Keely E. Sustainability of a Primary care-driven 
eConsult service. Ann Fam Med. (2018) 16:120–6. doi: 10.1370/afm.2177

	7.	Tian PG, Jaminal JR, Harris HS, Chambers T, Alvarado S, Eurich D. Characteristics 
and outcomes of physician-to-physician telephone consultation programs: 
Environmental scan. JMIR Form Res. (2021) 5:e17672. doi: 10.2196/17672

	8.	Simonsen J, Hertzum M. Iterative participatory design In: J Simonsen, JO 
Bærenholdt, M Büscher and JD Scheuer, editors. Design research: Synergies from 
interdisciplinary perspectives. London: Routledge (2010). 16–32.

	9.	Donohoe MT, Kravitz RL, Wheeler DB, Chandra R, Chen A, Humphries N, et al. 
Reasons for outpatient referrals from generalists to specialists. J Gen Intern Med. (1999) 
14:281–6. doi: 10.1046/j.1525-1497.1999.00324.x

	10.	Joschko J, Keely E, Grant R, Moroz I, Graveline M, Drimer N, et al. Electronic 
consultation services worldwide: environmental scan. J Med Internet Res. (2018) 
20:e11112–0. doi: 10.2196/11112

	11.	Liddy C, Drosinis P, Armstrong CD, Mckellips F, Afkham A, Erin Keely CT, et al. 
What are the cost savings associated with providing access to specialist care through the 
Champlain BASE EConsult service? A costing evaluation. BMJ Open. (2016) 6:e010920. 
doi: 10.1136/bmjopen-2015

	12.	Cook DA, Sorensen KJ, Wilkinson JM. Value and process of curbside consultations 
in clinical practice: a grounded theory study. Mayo Clin Proc. (2014) 89:602–14. doi: 
10.1016/j.mayocp.2014.01.015

	13.	Barnhart BJ, Reddy SG, Arnold GK. Remind me again: physician response to web 
surveys: the effect of email reminders across 11 opinion survey efforts at the American 
Board of Internal Medicine from 2017 to 2019. Eval Health Prof. (2021) 44:245–59. doi: 
10.1177/01632787211019445

	14.	Cunningham CT, Quan H, Hemmelgarn B, Noseworthy T, Beck CA, Dixon E, 
et al. Exploring physician specialist response rates to web-based surveys. BMC Med Res 
Methodol. (2015) 15:32. doi: 10.1186/s12874-015-0016-z

78

https://doi.org/10.3389/fpubh.2023.1284566
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.fraserinstitute.org/sites/default/files/waiting-your-turn-2022.pdf
https://www.fraserinstitute.org/sites/default/files/waiting-your-turn-2022.pdf
http://www.cfpc.ca/ARFM
https://www.fraserinstitute.org
https://doi.org/10.1089/tmj.2013.0007
https://doi.org/10.1370/afm.2177
https://doi.org/10.2196/17672
https://doi.org/10.1046/j.1525-1497.1999.00324.x
https://doi.org/10.2196/11112
https://doi.org/10.1136/bmjopen-2015
https://doi.org/10.1016/j.mayocp.2014.01.015
https://doi.org/10.1177/01632787211019445
https://doi.org/10.1186/s12874-015-0016-z


TYPE Original Research
PUBLISHED 22 December 2023| DOI 10.3389/fdgth.2023.1289373
EDITED BY

Edith Talina Luhanga,

Carnegie Mellon University Africa, Rwanda

REVIEWED BY

Joe Wherton,

University of Oxford, United Kingdom

Makuochi Nkwo,

University of Greenwich, United Kingdom

*CORRESPONDENCE

S. F. Lakha

slakha@torontomu.ca

RECEIVED 05 September 2023

ACCEPTED 05 December 2023

PUBLISHED 22 December 2023

CITATION

Lakha SF, Sohail SF, Holtzman CB, Akkok ZA,

Khandwala A, Suhanic W, Pennefather P and

Fels DI (2023) Power of narrative: a case study

about documenting private insightful

experiences while dealing with pain and

associated disability.

Front. Digit. Health 5:1289373.

doi: 10.3389/fdgth.2023.1289373

COPYRIGHT

© 2023 Lakha, Sohail, Holtzman, Akkok,
Khandwala, Suhanic, Pennefather and Fels.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.
Frontiers in Digital Health
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Objective: People adjusting to living with a chronic disability, such as chronic
pain, seek support and resources from societal systems, including health
systems, to help them cope with this reality. This case study describes the use
of a digital health platform designed to help in that quest.
Method: MyHealthMyRecord (MHMR), is being developed to record, register and
curate personal private experiences of a chronic condition. MHMR allows users to
record and log short (30–90s) personal and private audio-videos of their
accommodation-seeking journey in a way that can be encrypted, registered,
curated and shared privately. This case study describes the use of a prototype
version of the platform by a participant co-designer who experienced a sudden
onset of a chronic pain condition, of undetermined origin. System use began
three months after the onset of the condition and just after being discharged
from several months of hospitalization without any definitive diagnosis.
Result: During a three-month period, 65 short unstructured contributions were
authored and logged. This paper presents a qualitative analysis of that content.
The clips used various communication styles that documented experiences,
concerns, issues, positive and negative interactions and pain episodes. Using
thematic analysis with open coding, three domains (person-facing, accessibility
and system-facing) and eight themes (pain, joy, therapy, environmental,
recommendations, technical, culture and communication) were identified.
Comments about pain, stress, etc., were the most common and occurred in
75% of all videos while technical and therapy/physio related comments were
the fewest and occurred in 3 and 9% of the videos, respectively.
Conclusion: We conclude that it is possible to create recordings of events,
thoughts, reflections and issues on different aspects affecting an individual’s
health and well-being impact, including effects of the chronic condition as well
as tangential outcomes such as accessibility (or lack of it), using MHMR over a
longer period of time. The next steps will be to develop functionality to
annotate the recordings, automatically analyze and summarize collections of
recordings to make them consumable, useful and understandable to the
individual and others, and then to share those analyses and summaries with
others. In addition, evaluate this functionality longitudinally with more users.
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Introduction

People who suffer the sudden onset of a disabling chronic

condition experience a shock to their routine and a disruption of

their life-course, as well as to their medical and social situations.

They need support in learning to cope and engage with making

sense of their new reality (1). That support can take the form of

therapeutic/clinical medications and casual/formal social practices

involving both professional support from counsellors and support

workers and social support from a broader circle of care. Living

with chronic conditions typically involves active negotiation of

episodically disabling situations (2) in a manner that requires

active engagement by the affected person rather than just their

passive acceptance of recommended coping strategies and simple

compliance with imposed therapeutic/rehabilitation interventions

(3). That engagement requires communication of evidence of

private, personal needs and wants to require accommodations in

order to advocate for accommodations that often are mandated by

law or institutional policies (3, 4).

Increasingly, that communication involves digital technology.

However, human factors considerations such as diverse

orientations and false expectations have been shown to limit

positive effects from implementing digital health technology for

supporting person-centred approaches and self-advocacy (4).

Person-centred approaches to healthcare are intended to promote

agency, engagement, empowerment and self-efficacy in the person

receiving the care (1, 5). We propose that having a patient register

their experiences with care, technologies, and interventions can

lead to the development of important person-centred healthcare

aims of autonomy and independence as discussed by (6).

We are developing a system for documenting, registering, and

sharing human factors such as agency, engagement, empowerment

and self-efficacy by users of healthcare, rehabilitation and

accessibility programs. This is carried out through enabling the

generation of a personally owned and curated digital repository

(“scrapbook”) of short video recordings of personal observations

concerning an individual’s care/recovery/accommodation journey

following the sudden onset of a chronic condition. We believe that

the video nature of this record will make it more accessible and

meaningful to the author and those with whom they decide to share

their record(s). It will also set the stage for creating a corpus of

voice/video evidence for directing care that are generated and owned

by patients and are ready for regulated precision reporting regimes.

The MyHealthMyRecord (MHMR) platform is designed to

document, register and share a person’s private experiences with a

chronic condition for which they seek care, support, and

accommodations (7, 8). The idea is to allow them to assert

ownership over person-centered evidence used to guide

interventions designed to assist them in coping with their condition.

The aim of this case study was to explore how digital

scrapbooking of short audio-video (AV) commentaries may offer

an accessible and inclusive method for recording and anchoring

person-centred documentation of their personal healthcare

journeys. The MHMR platform described here is based on video

guestbook technology developed earlier to help people living with
Frontiers in Digital Health 0280
disabilities to comment on hospitality services they experienced

(9). MHMR is being designed around the concept of curating a

digital scrapbook made up of an unstructured collection of short-

duration, first-person AV’s that register commentary on

concerns, issues, successes, and failures of care and support the

user has experienced. Although designed first to be a tool for

self-reflection, we are confident that with time, user-curated

repositories of such AVs can be used to create a registered

representation of the patient’s voice useful more generally in

advocating for their needs and wants as people with lived/living

experiences, and those of others like them. MHMR technology is

designed to highlight the user’s experience, perspective, and

identity as these relate to the care support and accommodations

that they access for their chronic condition. The short format

makes them amenable to quick review and analysis by both

human and machine entities trained to recognize patterns

pointing to available solutions. MHMR provides a counter-

narrative to the official, system-serving record of care. In this

paper we illustrate how the well-known method of thematic

analysis of the qualitative MHMR content can be used to

structure the unstructured person-reported observations (PROs).

This paper illustrates how the MHMR technology can allow the

person receiving support and care for a chronic health condition to

express his or her needs, ideas, experiences, concerns, and coping

strategies in an easily generated and accessible manner. Such

evidence is now recognized as vital to patient self-management

necessary for effective community-based care (10). In addition, this

paper comments on how such data can fill a need to accommodate

human factors such as diverse orientations and false expectations

that have been shown to limit positive effects from implementing

approaches that seek to register patient experiences (4).

The research questions addressed in this paper are thus: (1)

what is the feasibility of recording short-duration first-person

perspective narrative reflections on condition-associated

challenges? and, (2) what are the experiences, expressions, and

attitudes expressed over time using the platform by a participant

co-designer whose life was disrupted after the sudden onset

chronic pain of undefined causes? In order to preserve the

privacy and anonymity of the participant, gender pronouns are

alternated in this paper, and no institutional names are provided.
Background

This literature review provides a brief overview of the need for

people-centred applied science and design, highlighting the mostly

unexplored potential of qualitative information to enhance

communication between individuals with illness and health

professionals. It examines individual engagement and

empowerment through curated health data to facilitate sharing

with health professionals and care circles.

Individuals with chronic illnesses must manage their

conditions while also engaging with the healthcare system. While

programs exist to assist in medical management and holistic care,

there is an apparent paucity of resources and research addressing
frontiersin.org
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the thorough tracking, integration, and communication of activities

individuals perform to cope with their illnesses between healthcare

specialist appointments (11). For example, someone may use

naturopathic and medical treatments, but this is not necessarily

conveyed during appointments due to reasons such as memory,

significance, priorities, embarrassment, and readiness to discuss

at the time of their visit.

Despite extensive advocacy for person/patient-centred care by

governments, healthcare organisations, and individuals, its

implementation has often proven limited, unsustainable, or

unsuccessful (12). Additionally, the absence of a reliable and

trusted method for registering, recording and tracking patient

perspective within the medical record so as to demonstrate

benefits of patient involvement in setting care priorities persists.

While considerable efforts have been made to measure

quantitative patient data, these processes are primarily driven by

clinicians’ needs (13), but there is a high chance of data

abandonment rates (14). While clinicians acknowledge the

usefulness of person-centred care, there is no standardized

methodology for its implementation or integration. For instance,

patients may gain access to their institutional health record items

and lab results (15), but this access does not extend to

documenting a patient’s complete care journey (16).

Ongoing progress and likelihood of future innovations enabled

by existing natural language processing system and, data science,

promise to enhance communication between patients and

healthcare providers in ways that promote voice based sensemaking

(8). However, effective communication also requires an

understanding of cognitive factors, such as the social embodiment

on how information is perceived and communicated (17).

Research and design methodologies derived from human factors,

co-design (18), and human-computer communication/interaction

paradigms provide a pathway to mobilize diverse perspectives and

ways of knowing in the co-creation of actionable meaning, aligning

with the WHO Framework on integrated people-centered health

services (19). The distinction between person-centered and patient-

centered healthcare lies in the contrast between building meaning

and building function (20). The evaluation of our tool’s impact on

increasing acceptability, reducing communication barriers, and

enhancing trust between healthcare providers and chronic pain

patients is central to our research, contributing to the construction

of meaning-in-care. However, it is important to consider the

willingness and feasibility of successfully producing and capturing

qualitative information on a long-term basis. In addition, what

topics and ideas constitute these data must also be assessed to

determine whether they can be used in a meaningful way to support

documentation, self-assessment, reflection and communication.

The Structure-Process-Output framework is derived from the

Donnebedian model of clinical activity (reference) that has been

used for more than 50 years. It has been shown to help

physicians make sense of and construct a self-narrative about

how the clinical care structures they interact with to deliver

therapeutic processes can lead to desired clinical outcomes (21).

Recently, Lakha et al. (22, 23) have proposed a hybridization of

the Donnebedian model, with a more generalized and evaluative

“theory-of-change” represented as a logic model (24). The idea of
Frontiers in Digital Health 0381
the proposed Donnebedian-Logic Hybrid (DLH) evaluation

model is to focus on more proximal consequences of structure

and process interactions that can be directly appreciated by the

reflective evaluator with respect to expected outputs. Accordingly,

a “theory-of-change” or reflections on why the change is, or is

not, occurring as expected can be documented and reported as

evidence within a cause-and-effect framework. This allows all

individuals involved in the care process, including patients and

their circle of care, to augment the medical record in a manner

that is still meaningful for both patients and doctors while still

useful for efficient translation of processes into desired outcomes.

This will be a necessary improvement in health system record

keeping as it transitions from a clinician-centred approach to a

more patient-centred one.

The DLH evaluation model is adapted in this paper to design a

way for patients/system-users to gather evidence, in the form of

short video recordings of opinions and reflections, for making

sense of appreciated or disappointing outputs associated with

their ongoing interaction with system structures and processes

associated with health system services.

The goal of MHMR is to create a patient-owned repository of

experiential evidence organized within a Structure-Process-Output

framework (SPO) that can guide the interpretation of this patient

generated evidence. The platform is being designed to help the

user to document observable model elements of patient-centered

Structure/Inputs and Process/Activities, and then process them

into observable/actionable Outputs.
MHMR system design

The MHMR platform is being developed to support collecting

and assessing qualitative data generated by patients. It may also be

possible in future development to integrate more quantitative data

from the health system that is increasingly accessible to patients

through existing patient portals (10) and emerging health data-

sharing platforms (25).

The current embodiment of the MHMR platform consists of a

tablet-based video recording application that accepts short-duration

audio/video user input (Figure 1). The videos are then stored on a

server for secure transfer, processing, and storage of video records.

In the embodiment reported here, the primary functionality is to

serve as a digital video scrapbook which documents and bundles a

person’s experiences with their disabling condition.

As with the video-guestbook technology fromwhich it was derived

(9), the MHMR platform was designed to be inclusive of users with

different needs (e.g., sign language users) by allowing them to record

short duration audio and/or videos on the topic of their choice at

their leisure. The aim was to provide users with a safe way to record,

not only their physical state but also their emotional state, without

sacrificing their independence or privacy. Privacy was protected

through data indexing and encryption strategies that are not a focus

of this paper. The participant was advised that the content would not

be shared with anyone beyond the research teams.

The framework goals guiding this initial design work on an

MHMR platform are illustrated in Figure 1. Patient Curation of
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FIGURE 1

Myhealthmyrecord framework.
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Private Data (created as short duration first-person videos, which can

contain private opinion and reflections-qualitative data, as well as

measured vital statistics-quantitative data—that are owned and

curated by the patient) leads to Process/Activities: Private Data

Driven Option Identification/Evaluation (Patient generated data

used by patient with possible input from trusted counsellors

including Health Care Providers (HCPs) as evidence to develop

knowledge, attitudes, and beliefs concerning care and

accommodations options accessible through the patient’s circle of

care). These Input and Process/Activities may ultimately lead to

Output: Acceptable Collaborative Care (supporting bilateral

communication and collaboration between patient, HCPs, and circle

of care in making decisions around care use options). Our model

attempts to illustrate how Inputs from individual experiences can

affect Processes and lead to positive and negative Outputs. The

dotted line in Figure 1 represents the focus of this paper.
Methodology

This study was approved by the Toronto Metropolitan

University’s (formerly, Ryerson University) human research

ethics board (Protocol # REB 2016-150). The study followed all

necessary procedures to ensure the confidentiality of a

participant. Prior to the study, the participant co-designer

completed and signed a written informed consent document.

Personal information was then gathered.

The methodology employed in this research is a combination

of an exploratory case study method (26) and the participatory

design method (27, 28). The first stage of the system under
Frontiers in Digital Health 0482
investigation is the creation and storage of short-duration videos

created by an individual with later stages being to support the

communication and knowledge transfer between HCP, circle of

care and the individual enabled by the MHMR application. The

exploratory component arises as no specific outcome is expected.

Rather, we want to explore how the individual will use the

system, what topics are addressed and the content of the videos.

It is expected that the trajectory of results will identify meaningful

and measurable outputs over time and can be instrumental in

generating outcomes as the study proceeds. The research is carried

out in natural environments where the participant passed time at

home, school (workplace) and social settings. All recordings made

by PX are converted into MP3 files and distributed among the

research team for coding into themes and major domains.

Participant Co-Designer and System Use (identified as PX in this

document with no relationship to the individual’s actual initials or

gender identity). As a first step in the system design, we recruited

a co-designer participant to assist in developing a usable platform.

PX played a pivotal role in shaping the MHMR design through

active participation in the development process. This encompassed

contributions to brainstorming, ongoing feedback, validation of

design choices, user-interface problem-solving, and direct

involvement in usability testing, all of which enriched the project.

In 2015, PX experienced the sudden onset of an arthritis-like

inflammatory condition with mysterious origins. This resulted in

multiple motoric disabilities, including limited use of legs and

hands. After a 3-month hospitalisation that was unsuccessful in

diagnosing a cause and providing a treatment strategy, PX was

discharged home to other formal caregivers (physiologists,

rheumatologists, etc.) and, with the support of PX’s family,
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expected to find ways to cope with this new situation. PX’s family

was known by one of the researchers and was contacted to invite

PX to join the project as a participant co-designer. PX agreed to

use the MHMR application on a tablet version over a three-

month period to help us understand the usability of our initial

implementation of the MHMR platform and the extent to which

interacting with it was experienced as meaningful and useful. PX

began using the system during a 3-week business/pleasure

excursion soon after leaving the hospital. Once returned, PX

used the system at school for 11 weeks.

In total, PX recorded 65 videos with an average length of 36 s

(s) (ranging from 12 to 148 s). Apart from being informed that the

ultimate purpose of the technology was to allow people living with

chronic conditions to document, reflect and comment upon their

condition, PX was not given any direction on topics or times for

creating his videos. Nevertheless, she focused on physical pain,

difficulties or successes in daily activities, overall frustrations or

other events that required attention. During the three-month

study, PX provided continuous feedback and ideation to the

team via email or in person with unstructured comments of

usability issues and on how the system might be improved.

During this time, we also noticed that PX stayed engaged in the

effort, preventing the project from being abandoned.
Qualitative analysis

The Consensual Qualitative Research (CQR) methodology was

selected to analyze the qualitative data as it has been shown to be

effective to better understand complex data and reducing bias that

can result with a single researcher (29). The CQR updated method

proposed by Hill, Thompson and William (29) is an inductive,

open-ended research method for investigating unobservable internal

experiences carried out through consensus between two invested

researchers. It allows researchers to remain open to the data’s

revelations while focusing on and discussing participant narratives

and descriptions together. This method allows for in-depth

investigation of occasional events and emergent outcomes, making

it useful when knowledge in a specific area is limited. It promotes

diverse perspectives in order to have a thorough picture of the

phenomenon (29). Additionally, team members were able to discuss
TABLE 1 Mapping of domains, themes, and definitions that evolved from PX’

Domain, themes
Person facing: (outputs) Physical and mental experiences related to

Pain, exhaustion, stress, Irritated, frustrated The individual is in a state of physical and

Joy Delight or happiness that the individual fe

Therapy/physio Training or therapy to help rehabilitate an

Accessibility experiences: (processes) Positive or negative comments and emoti

Environmental Tangible or concrete situations or factors t

Recommendation The individual expresses their thought pro

Technical Comments about technology and the MHM

System facing: (structure) Descriptions/comments about physical, com

Culture Ideas, customs, and social behaviour of a s

Communication Professional interactions with people
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disagreements respectfully while agreeing on themes that best

captured the meaning of the data. The videos generated by PX

were open-coded for relevant and recurring themes (see Table 1).

The first step in the analysis was to formulate domains and

themes. Two independent reviewers reviewed the videos without

communication with the other team members. These reviewers

coded blocks of video data (phrases, sentences) into themes, and

labelled and defined them. Upon individual completion, all team

members rejoined and discussed the themes as peer reviewers.

Through discussion and consensual agreement, three domains

and eight themes were created to capture all data. Tables 1, 2

provide the domain and theme labels, their definitions, and

examples from the data of each theme. Furthermore, Table 1

shows how each domain fits within the SPO framework.
Validity and reliability of analysis

As recommended (30, 31), several quality criteria were used to

ensure the validity of the results and their interpretation: two

independent coders with different backgrounds coded 20% of the

data-set to ensure the reliability of the themes and definitions

A Cohen’s kappa coefficient was calculated. If kappa was below

0.6, an iterative process was then performed to understand and

mitigate the differences. All of the themes and definitions

contained in Table 1 had Cohen’s kappa greater than 0.88. The

remaining data were then coded by a single rater.
Results and discussion

In general, PX was satisfied with the technology even though

there were some technical difficulties associated with the tablet-

based implementation. He was able to record short-duration,

first-person videos, in several locations, that captured her ideas

and topics. In addition, although she recorded videos about

numerous topics, these tended to be centred around her pain

experiences and related disabilities. There were no videos related

to other topics such as family, friends, restaurant reviews, etc.,

that were independent of his pain or related disabilities despite

explicit instruction to use the technology for whatever purposes
s video content.

Definition
the individual.

mental pain, distress, and suffering

els about an experience

d allow the individual to cope

ons, actions taken by others, or systems related to accessibility.

hat affect the individual

cess and observations or comments about the incidents

R application

munication and attitudinal experiences and barriers experienced in various settings.

ociety different from that of the individuals
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TABLE 2 Themes and quotations.

Themes Quotation
Pain, exhaustion, Stress, irritated,
frustrated

A “Today was the first time (Physiotherapy) had a 9 am session….worst decision ever, my body was so stiff and I got drained out, it was
too difficult for me"
B “along with school another thing is very stressful is a recruitment process as it’s my final year so it’s so much pressure and I have to
apply everywhere and have to get the job offer as its a last kick of the can.”

Joy A “visit the conference… Great sets of lectures especially D… it was so amazing, so inspiring, motivational, charismatic and great to
listen to him whereas others were fine”
B This morning I went swimming………, and it’s pretty cool because it was hot water, the hot tub was very relaxing, especially for
muscles, …”

Therapy/physio A “I went to physio yesterday and my physiotherapist was quite impressed by my progress, ……….., slow and steady,…"

Environmental A “The opening ceremony was great stuff and the people were very accommodating…the whole day I was accommodated which was
very fun…. I got around pretty nicely……”

B “The weather in Denver is horrible in the sense that its the same as Toronto, it snowed a lot, and no one cleaned it up. Snow on the
sidewalk the road everywhere so hard to walk I was slipping and off balance, I didn’t expect that,.”

Recommendation A “I wanted to talk about my evening class where we are talking about the wheelchair manufacturer industry and my professor kept on
putting me on the spot, which was not nice, …….he doesn’t have to put me on the spot like what does PX feel like…I didn’t get a
chance to speak to him but for sure going to follow up to him on email for this.”

Technical A “…This is the third time I am recording this, hopefully, the camera doesn’t shut off and this gets posted.”

Culture A “Today is Thursday the learning journey was pretty cool and went to a local school in Hanoi, Vietnam and donated about … bucks,
………, students didn’t see outsider (often), all the students were handpicked across Hanoi public school and it was pretty cool,..”
B “So Sydney has been treating me great, love it, very accessible, very accommodating, but too many hills and it’s tough getting around
….. ………”

Communication A “So it was a pretty interesting event in yesterday class, so my professor was talking,, explaining and this was in the beginning of class
so I respectfully had my hand up for a while then he’s like you have your hand up for a while and there’s nothing to be discussed, ……

and I m just like yeah…’ can you just speak louder’ and, he said ‘I can’t that is the loudest I can speak and I said ‘ I cannot hear you’, so
he said ‘come to the front’ pretty much,…I was shocked….., and I said ‘but I can’t’ and he said ‘well I guess we’re stuck we can’t do
much about it’ “
B “So I got a job offer with (company) and they have acceptance party, and the best part about this is that they called me up and asked
me if I’m comfortable with the venue, and if not they will change the entire venue…”
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seemed appropriate. This reflected perhaps his understanding that

the ultimate goal of this research was to create a medium for

sharing personal experiences related to the disability between

interactions with members of the user’s circle of care. In

addition, the participant was enthusiastic about the research goal

of finding ways of using this evidence to improve the experience

of others facing disabilities due to a chronic condition of sudden

onset. The videos are unlike the types of public contributions

typically seen on social media and were more private and

reflective in nature. There were no indications that PX found the

process onerous or boring, and use actually began while PX was

travelling on an extended multi-week trip. The total number of

videos per domain were: Person Facing (43), Accessibility

Experience (29) and System Facing (26) for a total number of

videos equalling 65. The number of statements and videos

containing specific themes were illustrated in Table 3 (some

videos contained more than one theme).
TABLE 3 Frequency of statements and appearance in number of videos for e

Domain Themes Number o
comme

Person facing (82 total comments) Pain, exhaustion, stress, irritated,
frustrated

Joy

Therapy/physio

Accessibility experiences (76 total
comments)

Environmental

Recommendation

Technical

System facing (52 total comments) Culture

Communication
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Domain 1: Person Facing:

(1) Pain, Exhaustion, Stress, Irritated, Frustrated: This theme had

an overwhelming majority of comments and videos

containing expressions from this theme among all of the

themes in the person-facing domain. PX described or

commented 57 times of the total 82 comments in the

person-facing theme (70%) in 25 of 43 (58%) person-facing

videos and 49 of the 65 total videos (75%). For example, PX

describes the physical pain during a conference: “I just

couldn’t take it going the whole day. It’s very painful.” PX

expressed and characterize her pain in several negative and

positive emotional dimensions such as lack of sleep, anger,

frustration, as well as hope or joy (see Theme 2). For

example, “I’m not getting enough sleep for the past two-

three days and, on top, have pain in the knees and ankles

sore…”
ach theme.

f statements (% of
nts for domain)

Number of videos containing comments
from theme (% of total # of videos)

57 (70) 49 (75)

19 (23) 18 (28)

6 (7) 6 (9)

46 (61) 33 (51)

28 (37) 28 (43)

2 (3) 2 (3)

14 (26) 9 (14)

38 (63) 30 (46)
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This kind of feeling and emotion characterization is consistent with

other studies (32). In addition, it is not surprising that the majority

of video scraps are related to this theme. The idea that pain can lead

to feelings of frustration, worry, anxiety, and depression seems

obvious, particularly if it is of a chronic nature (32, 33). It should

be noted that chronic pain can also lead to long-lasting emotional

disturbances often referred to as a “secondary pain affect” (34).

Negative emotional responses or low mood states, such as anger

or depression, can intensify the pain experience (35–37).

In particular, PX showed that he often expressed: feelings of

confusion and worry by the pain, and the social unpleasantness

of living with pain. Corbett et al (38), also found that people

living with pain often express despair related to the lack of

empathy by “others.” Examples from PX include: “In the

evening, I didn’t really do much, I was just bored in the room,

my roommate went out.”

Although PX received no instruction or direction on topics for

videos, ones related to pain were dominant. This may indicate that

the documentation of pain experiences was a priority for PX or that

she was comfortable sharing such videos with the design and

development team. Identifying and tracking instances and

frequency of pain, exhaustion, stress, irritation or frustration may

allow users to reflect on when these emotions occur and examine

trends of sustained negative emotional states. This may, in turn,

lead to new ideas, solutions or coping strategies.

Keeping pain journals or using pain scales on a long-term basis

is usually encouraged by HCPs to document and track pain

experiences (39), but often, these are abandoned or seen as not

useful to the individual or the HCPs (40). In addition, there can

be considerable quantities of data generated, which must then be

synthesized and organized into meaningful information. Having

more creative and non-text outlets may improve people’s ability

and interest in long-term documentation and tracking.

(2) Joy: Not all expressions related to pain experiences were

negative particularly when PX was hopeful of change

although there were considerably fewer expressions of joy

than pain. Of the 19 expressions of joy (23% of the total

person-facing comments), 9, 7, 3 occurred when he was

involved in personal activity, conference and classroom

respectively. Prior research on positive expressions of

happiness, inspiration and emotional well-being is limited as

most of the documentation processes employed in pain have

been associated with measuring or document pain

exclusively (41) rather than the wide range of emotions that

are seen in PX’s data. Positive affect, according to numerous

theorists, facilitates approach behaviour or continued action

(42). From this perspective, experiences of positive affect

could prompt individuals to engage more or earlier with

their environments and partake in activities.

For example, PX shared his activities,

“This morning I went swimming with my brother, there was no

else in the swimming pool and it’s pretty cool because it was

hot water, the hot tub was very relaxing, especially for

muscles, … I had the first time at the rehab, so this was a
Frontiers in Digital Health 0785
good start and relaxing after the whole week of hectic

travelling”.

“First day back to school was amazing because the professor

teaching us the audit was just amazing, he simplified

everything to the take made it like, he called it the grandma

language if you can explain it to your grandma then it makes

sense otherwise it’s not. So it was so fun, (able to engage) it

was nice, mind-opening and mind-blowing.”

He was able to record that his ability to participate in pool

activities, the classroom and the conference demonstrated that an

individual’s own mental state such as joy, relaxing and positive

anticipation could be a factor in the experience of pain. A next

step would be to link factors such as the frequency and intensity

of negative and positive emotions with pain or related

experiences as well as their proximity to each other. For example,

how many positive experiences are required to offset the negative

emotions elicited from pain, and how does the time interval

between positive and negative emotions mitigate the experience

of pain and/or associated issues such as long-lasting emotional

disturbances?

(3) Therapy /Physio: There were only 6 comments of the 82

person-facing comments (7%) with 9% (6 of 65) of the total

number of videos containing comments from this theme.

For successful therapeutic encounters, PX described feeling a

sense of security and belonging, or expressed a sense of

empathy and engagement. For example, “I went to physio

yesterday and my physiotherapist was quite impressed by

my progress…and that’s why he still kept me on his caseload.”

PX gave positive accounts of his experiences as a patient, which

often contextualized the service as an interpersonal relationship

in primary or tertiary services. Blockley et al. (43) found that

supportive interpersonal relationships reduce patient vulnerability

and that nurses play a key role in the development and

maintenance of these relationships. Research conducted on the

experience of physiotherapy in rehabilitation services reported

finding one main theme of personal interactions, and five sub-

themes (empathetic and caring physiotherapist, socialisation with

other patients, alleviated boredom, changed perceptions of the

weekend, and contentment with the amount of therapy)

emerging from their data. Patients valued interacting with

physiotherapists and other patients (44).

For example,

“Today I have done too much physio lately [with the assistance

of the staff] and my knees hurt it was a different pain now, they

seem weak but yeah it hurts same old …..I have to figure it out,

pretty much.”

In addition, having a feeling of mutual understanding and

recognition by staff enabled PX to move toward acceptance of

his pain as something that was part of his daily living. These

factors (personal relationship and understanding) appear to be
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more important to an individual with pain than the amount of

therapy received (44).

Domain 2: Accessibility Experiences:

(4) Environmental: The environmental theme in the accessibility

domain constituted the next most discussed theme after

pain in the entire video set. Fifty-one percent of all videos

(33 of 65 total videos) contained comments related to the

environmental theme.

In the environmental theme, comments were related to physical

infrastructure, weather, the physical location of people around

her, and the accessibility services. Positive comments included

enjoying his time at an event, feeling accommodated, being

independent and respected and enjoying the company of others.

For example, during a conference PX recorded a positive video

about the physical accessibility offered by the hotel “after

registration we got the room keys and I got the accessible room,

which is pretty big and spacious, with a double bed and shower

chair. Very nice, very accessible.” A second example concerned a

positive experience with the availability of accessible airport

services: Denver airport was pretty good we landed late night at

12 am something and it was a long walk, so they offered the golf

car and a wheelchair was also available, there were no long lines

(for me, for immigration)…not to wait so it was great.”

Poor accessibility for PX in the environment also occurred and

resulted in negative expressions including feeling out of control,

stressful, angry, alone, dependent, or disorganized. In particular,

PX expressed frustrations with inaccessible physical environments

or lack of accessible resources especially those that made her

reliant on others for assistance. E.g.,: “Oh my gosh! Z

(institution) needs to fix all the doors, those automatic doors are

not working like you know first of all they’re so heavy so I

cannot push them and the people are so inconsiderate they see

me struggling and I am kind of pushing it, but they still don’t

come by to help me, I don’t know which world they’re living in,

but like that’s pretty rude I would say but I guess they just don’t

care, so I got to deal with it. It sucks when it’s nighttime after

my 10 pm class there is like no one, the whole campus is dead

so there is no one to help me.”

In the social model of disability, the three main barriers

experienced by people with disabilities (PWD) are environment,

attitudinal and systemic in their environment (45). Physical

barriers refer to obstacles in the built environment (e.g.,

architectural, transportation, communication, services, and

physical infrastructure) (46), attitudinal to attitudes towards

PWD by others (47), and systemic barriers introduced by a

system that would include barriers from policies, procedures,

legislation, cultural values (e.g., by government, and

organizations (48). PX identified and experienced all of these

barriers and, similar to comments in the pain and therapy

themes, realized that he was facing a need to “deal with it on my

own.” As a result of PX’s sudden onset of a chronic condition,

her experience with barriers was also sudden and novel. Neither

he nor his parents had any experience with the disability

community, self-advocating, or available resources. Feelings of

being alone and needing to address barriers independently are
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common occurrences among PWD (49). The process of learning

to self-advocate and find resources can be challenging and is

often frustrating, particularly for people with newly acquired

disability (50, 51). Being able to record and reflect on

experiences of barriers and challenges may expedite this learning

process because evidence can be collected, reviewed and

presented to other parties as support for requests, complaints,

recommendations, or accommodations.

(5) Recommendation: Twenty-eight of 76 comments (37%) in the

Accessibility domain were related to the Recommendation

theme. They consisted of opinions, positive feedback, and

offering suggestions about coping or accommodation

strategies for institutions, individuals and events. These

recommendations were particularly evident in comments

about PX’s educational institution. An example of a

recommendation for an individual was:
“ In my evening class where we were talking about the

wheelchair manufacturing industry and my professor put me

on the spot, which was not nice……he can generalize and

make statements, he doesn’t have to put me on the spot… I

have tried to speak to him but didn’t get the chance I will

follow up on the email.”

An example of a recommendation for an event was: “I have a

presentation in a week and I am just thinking about how it will

go because there are stairs to get to the front, so even though

someone clicks the slides would it still be the same thing if I

speak from the back of the class, would that be the same as

presenting from the front and how would that affect my

presentation, and my marks”.

Finally, an example of a suggestion for an institution was: “So I

am actually debating, arguing with another professor too about

another mark, participation mark. The way he marked,

‘participation mark’ is so weird that I am just like this doesn’t

make sense, so we’re going back and forth, …………there is no

point in arguing with him. So I am just waiting to get my final

participation marks and take it to the director of the school or

the UPD and discuss it with him.”

It is well known that with some exceptions (e.g., McCloy and

DeClou 2013) (52), few recent publications consider educational

accessibility for a diverse spectrum of students who are identified

as disabled in Canadian institutions (53). In addition,

Rosenzweig (54), suggests that special training in which faculty,

general, and accessibility staff must be educated about behaviours

and disabilities strategies that could be used to support more

inclusive classrooms and education. However, as discovered by

PX, few instructors seem to have knowledge of these strategies

and how to apply them in the classroom. Being able to record a

situation and discuss the resulting impact on the individual may

assist individuals in presenting evidence to concerned parties. It

may also allow an individual to reflect on their reaction to a

situation and consider appropriate actions at a later date or

based on their own suggestions.
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(6) Technical: There were only two comments (3%) in the

Accessibility domain about the recording system and

technology. Both comments related to the recording system

failing to record or stop, and having to re-record the

session. In this case study, we focused mainly on the first

stage of the journey (building confidence in the

documentation) while being mindful of the full journey.

Consequently, the system used by PX was an early

prototype where we wanted to first understand the process

of and ability to record short videos. We also wanted to

understand the types of topics and commentary that were

generated. Despite experiencing some technical difficulties,

PX was keen to document. For example: “Oh my gosh! okay

this is the third time I am recording this and I want to talk

about my evening class and its incident.”

The technical difficulties experienced by PX assisted the research

team in correcting errors and improving the system.

Domain 3: System Facing:

(7) Culture: This theme represents comments about customs and

traditions in other countries related to access; these include

comments on transportation, scheduling, out-of-pocket

costs, and resources. In the system-facing theme, there are

14 of 52 (23%) comments). Attitudes towards disability are

not always uniform within a region or even within a

country. Different groups or individuals may have beliefs

about disability that vary from those held by the wider

society. Beliefs may also vary even within small communities

and even within families.

PX experienced support (or lack of) from the same or different

systems, often expressing positive and negative emotions associated

with those experiences. For example, in Japan,

“Japan was just amazing we got escorted out the doors,.…..The

washrooms were very accessible, has a bed there as well…

when we took the train, the train staff would escort me to

the platform and took out a ramp and got me in.. And the

best part……they already sent a message and the person was

standing there, just waiting, it was mind-blowing and so

accommodating….. streets were amazing flat straight, we

went out into the city, it was very nice, loved it,”. “ I’m

trying to board for Hanoi from Japan, which was pretty

frustrating because they didn’t allow to me to take the

wheelchair to the gate, there like I am going to get my

wheelchair with the luggage pickup, that was pretty annoying.”

Since the United Nations adopted the Convention on the

Rights of Persons with Disabilities, ratified by 168 countries,

there has been progress as well as stubborn obstacles (55). PX

encountered the results of efforts to improve accessibility as well

as the obstacles that have yet to be rectified. Having a way of

capturing the instances of those barriers may offer individuals

like PX with support in advocating for improvements on a small

scale. Collectively, if many narratives can be gathered together by

more than one person, PWD or their associates can provide
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evidence to justify demands to communities, governments and/or

organisations for improvements and resolutions for change.
Communication

The final theme captures PX’s desire to express his personal

stories of the interaction in hope of it positively influencing others.

PX articulated the need for ethical and inclusive environments at

the institution. However, most of the 38 comments (14) in this

domain were negative where PX expressed disappointment,

frustration, struggle and a desire to be treated fairly and with dignity.

e.g., “I got an assignment back and got a 70% which I think I had

done better or would’ve done much better but I wasn’t able to attend

one of the classes due to an [medical] appointment. I told the

professor and he didn’t have any slides for that class. He tried to

gather some notes and by the time he gave me the notes it was the

day when the assignment was due and I submitted and then I saw

the notes so it was too late to incorporate them…so I emailed the

prof and let’s see if he gets back to me. Technically speaking I

should’ve been accommodated if someone has an appointment and

does not have the slides just that day… no one takes notes in that class.

For e.g., “Oh my god! So it’s more than a week and since I have

reported to maintenance for the doors (to repair) and still haven’t

fixed it”.

While these examples andmost of PX’s comments in this study are

common and congruent with others (e.g., 45) they were new for PX.

Being able to document these experiences may offer personal benefits

such as having a mechanism for “venting”, reflection and, perhaps,

mediation. In addition, finding ways to automatically analyze the

video material may offer opportunities for discovering patterns, topic

threads or specific issues. Finally, if these videos can be collected

together with others, they may be used to affect systemic change by

providing evidence of patterns and ongoing, common issues.
Summary discussion

PX was able to successfully make recordings and capture her

successes, failures, issues and concerns on a number of different

but related topics using the MHMR technology. The MHMR

interface appeared to have helped PX’s need and want for

chronicling an assortment of topics including ongoing barriers,

hindrances experienced, dissatisfaction, pain, and excitement.

Despite no enforced video length cut-off, brief recordings were

recommended and seemed to be preferred by PX. Constraining

recordings to as short as one minute would be a possible interface

for the MHMR system and may simplify any large-scale

application of the approach because it is easier to store and

manage short videos compared with larger ones.

Another interface issue was allowing the deletion and re-

recording of a video related to a specific domain. PX suggested

that a video generated in a single take was more genuine. It is

possible that others may find it difficult to make a point in a

single take, particularly for novice users who must learn how to

use the medium. However, it would be up to the user to decide
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what is shared regardless. It is unclear whether PX was suggesting

that his recordings became inauthentic as a result of multiple takes

or whether others may judge her recordings as inauthentic from a

more polished appearance and flow as a result of the practice

offered by multiple recordings. Future research will examine the

effect of multiple recordings on the assessment of trustworthiness,

believability, and authenticity by the individual as well as those

with whom the recordings would be shared. There is likely to be a

trade-off between the view of authenticity, genuineness and the

clarity and efficiency that comes with practice. Further research

about restricting or reducing the number of takes and the effect

on authenticity and exertion is required.

The second research question addressed the possible topics that

were recorded by PX and whether those reflected his current life

situation. No instructions or direction was provided to PX about

which topics to use in order to give him control and flexibility

over them. However, PX was recruited by the research team early

on so he was aware of the purpose of the project which may have

indirectly influenced topic selection. While there was a wide

variety of topics that were broached by PX, the majority of them

were related to her pain and experiences as a person with a

disability. In addition, these topics could be categorized into

domains related to the self or inward-looking, those related to a

system (e.g., education, transportation, and government) or

outward-looking, and to accessibility or barriers experienced using

a standard qualitative evaluation method. Technical aspects of the

MHMR system was the only topic not related to pain or disability.

PX had newly acquired the status of a person living with a major

chronic disability. That may have influenced his perspective and

experiences as they were all new to her. Involving people with either

congenital disabilities or who have been living with a disability for a

long time may show different results regarding the level or number

of comments related to accessibility or barriers. However, people

can experience disabling conditions suddenly at any point in their

lives. MHMR can allow people to document those experiences for

reflection or to serve as a simple method of collecting evidence for

future treatment, advocacy or service acquisition.
Limitations

There are a number of limitations of this study; first and

foremost is that it presents results from a single case study

involving a self-selected, educated individual with newly acquired

chronic pain and associated disabilities. A larger sample with a

variety of people with chronic illness and pain will need to be

recruited in order to make generalisations about the use and

usefulness of MHMR. However, it was important to determine

whether it would even be feasible to launch, support and use

MHMR in the “wild” in a longitudinal context as part of the

formative work that is necessary to justify future work.

A second limitation was that all files were encrypted once PX

clicked the save button, for security purposes, and all date-related

information was lost. This reflected using open encryption platforms

and their default privacy configurations compatible with the Android

devices used for this simple usability phase of the design process,
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gDial Inc. that is now being adapted to operate on Android systems.

As described by Pennefather et al (8), there is a need to save as much

contextualization information concerning the videos as possible to

increase their value. This will require the creation of personally

controlled data accounts to serve as private data repositories whose

entries can be made selectively public for specified limited purposes

(8). As such, we could not determine when specific recordings were

made to examine any novelty effect of the MHMR system use.

However, the frequency of MHMR recordings may not be related to

novelty but instead to the salience of specific situations. The current

iteration of MHMR has resolved this issue.

Another limitation was that we only examined the input stage of

the MHMR system. We did not examine the curatorial process or

output/sharing components of MHMR. It was important to

determine whether the data-collecting task was feasible over the long

term before efforts were made to complete the system. Written

journals and diaries are common methods for collecting a patient’s

thoughts and feelings about their health situations (56). However, the

abandonment rate is high (40) and many studies do not carry out

longitudinal studies. We were interested in determining the feasibility

of using the MHMR system to capture a patient’s thoughts and

feelings over a longitudinal time-frame as a first step in designing

and developing the entire system described in Figure 1. Furthermore,

the study does not explore topics such as digital literacy, inclusivity,

and socioeconomic difficulties in the setting of chronic disease as

potential influences on the outcome, however, these topics will be a

focus of future research with additional participants.

Although there are limitations in this formative research, we

believe that this study adds to the growing body of knowledge on

digital and visual reporting and how it may play a role in

addressing the needs of individuals living with chronic pain or

illness. The project hypothesis, that communicating the

experience of illness through recording and registering video

commentary in a video scrapbook format may provide positive

psycho-social benefits to some patients with chronic pain or

illness, appears to be supported.
Conclusion

The paper presented two related notions: (1) to describe the

experiences and insights of an individual with chronic illness in

their day-to-day life, and (2) how technology could assist in

addressing or overcoming the disability associated with that

experience. A single perspective was explored: a person with a

new but chronic pain condition who was learning to self-manage

his condition and document that process with the technology

provided. Using MHMR as a personal self-reporting diary/

repository over a three-month period showed that it was feasible

to generate ongoing and valuable insights over the longer term,

as evidenced in the pilot case study. Moreover, themes could be

identified that usefully could be distinguished in terms of patient

facing (perceived consequences/outputs).

The next steps are to build a seamless and efficient

communication channel that allows individuals with chronic illness,
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healthcare professionals, and other stakeholders to access, evaluate,

and act on acquired data, fostering a collaborative approach to care.

We aim to employ artificial intelligence and data visualization

techniques to analyse, summarize and illustrate the collections of

the recorded qualitative data. This will involve developing

interactive visual representations that summarize the data into

meaningful collections and interpretations of the subjective/

qualitative information, and then provide means to share those

summaries with an individual’s circle of care. It is also important to

understand and evaluate how communication between a patient

and their circle of care can be facilitated and whether that

communication facilitates improved health and well-being outcomes.

To enable the appropriate use of such data in healthcare, we

envision a system in which the collected information is securely and

easily accessible to care practitioners and other stakeholders.

Implementing a safe data-sharing method that conforms with all

relevant data privacy standards will be a part of our recommended

solution. Future studies will require testing the application with a

larger group and integration of qualitative data with quantitative data

available from other sources like wearable devices or patient portals.
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Deep breathing in your hands:
designing and assessing a DTx
mobile app
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Digital Therapeutics (DTx) are experiencing rapid advancements within mobile
and mental healthcare sectors, with their ubiquity and enhanced accessibility
setting them apart as uniquely effective solutions. In this evolving context, our
research focuses on deep breathing, a vital technique in mental health
management, aiming to optimize its application in DTx mobile platforms.
Based on well-founded theories, we introduced a gamified and affordance-
driven design, facilitating intuitive breath control. To enhance user
engagement, we deployed the Mel Frequency Cepstral Coefficient (MFCC)-
driven personalized machine learning method for accurate biofeedback
visualization. To assess our design, we enlisted 70 participants, segregating
them into a control and an intervention group. We evaluated Heart Rate
Variability (HRV) metrics and collated user experience feedback. A key finding
of our research is the stabilization of the Standard Deviation of the NN Interval
(SDNN) within Heart Rate Variability (HRV), which is critical for stress reduction
and overall health improvement. Our intervention group observed a
pronounced stabilization in SDNN, indicating significant stress alleviation
compared to the control group. This finding underscores the practical impact
of our DTx solution in managing stress and promoting mental health.
Furthermore, in the assessment of our intervention cohort, we observed a
significant increase in perceived enjoyment, with a notable 22% higher score
and 10.69% increase in positive attitudes toward the application compared to
the control group. These metrics underscore our DTx solution’s effectiveness
in improving user engagement and fostering a positive disposition toward
digital therapeutic efficacy. Although current technology poses challenges in
seamlessly incorporating machine learning into mobile platforms, our model
demonstrated superior effectiveness and user experience compared to existing
solutions. We believe this result demonstrates the potential of our user-centric
machine learning techniques, such as gamified and affordance-based
approaches with MFCC, which could contribute significantly to the field of
mobile mental healthcare.

KEYWORDS

digital therapeutics (DTx), Human–Computer Interaction (HCI), mobile health

interventions, machine learning feedback, gamification design, user engagement

1 Introduction

The digital healthcare and digital therapeutics (DTx) market has been experiencing a

rapid expansion, a surge further catalyzed by the COVID-19 pandemic, which underscores

the need for digital solutions to address mental health disorders (1). Current research

indicates that of 18 identified DTx products, only six specifically target on treating
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mental disorders with a particular emphasis on depression, anxiety

disorders, and insomnia (2, 3). This pattern aligns with the

U.S. Food and Drug Administration’s (FDA) temporary policy to

broaden patient access to DTx for mental healthcare amidst

the pandemic (4).

In the realm of the mental health-centric DTx, the digital

implementations of Cognitive Behavioral Therapy (CBT) are

prevalent (3), often incorporating breathing exercises into these

interventions (5). Notably, the integration of CBT and breathing

exercises has been proposed to amplify therapeutic benefits (6).

Building on this foundation, our study introduces an innovative

approach to breathing exercises, aimed to enhance the

effectiveness of an array of DTx targeting mental disorders. We

aspire to increase their potency while ensuring sustained usage, a

crucial aspect of successful DTx deployment. Our primary

research goal is to foster the development of a more proficient

DTx by evaluating the effectiveness of our proposed breathing

exercise method.

Due to its potency in fostering engagement and elevating

motivation, gamification is an active method in learning domains

(7). It merges entertainment and tasks by integrating game

elements into non-gaming contexts. This technique is especially

prevalent in digital healthcare, essential for driving behavior

change. In digital health services, where prolonged use is often

necessary, gamification enhances engagement and supports

sustained user participation. This aligns with the goals of these

services. A systematic review demonstrates that gamification

and serious games effectively encourage behavior change and

heighten motivation (8). These elements contribute to the

expectation of improved treatment outcomes within digital

health interventions.

At present, DTx targeting mental health are mainly presented

as mobile applications (3). Numerous mobile applications focus

on deep breathing exercises. Unfortunately, many of these

applications primarily offer passive animations and fail to

actively engage users, a crucial component for effective DTx and

healthcare. Research suggests employing machine learning

techniques to offer personalized feedback in such applications

(9). Yet, the limited computational prowess of current mobile

devices introduces practical challenges. Accordingly, our study

presents an efficient system designed to minimize the model

weight for smooth operation in a mobile application

environment, thus actualizing the methods proposed in

prior research.
2 Literature review

2.1 Gamification effect

Following the broader discussion of gamification’s role in

digital healthcare in the introduction, we now focus on its

specific impact and application in digital therapeutic

interventions. While gamification has been acknowledged for its

ability to merge entertainment with tasks, its application in

digital health goes beyond mere engagement (10). It plays a
Frontiers in Digital Health 0292
significant role in facilitating sustained user interaction,

particularly in applications requiring long-term commitment

and adherence (11).

In the context of digital therapeutics, gamification is not just

about adding game-like elements; it’s about creating a more

immersive and interactive experience that resonates with users

(12). This approach is crucial in interventions where user

motivation and continuous participation are key to successful

outcomes. Moreover, gamification strategies in digital health have

been shown to effectively drive behavior change, a central goal in

many therapeutic interventions (13).

By integrating these elements into digital health interventions,

we can transform the user experience from passive to active,

thereby potentially improving adherence and treatment outcomes

(14). This aligns with the overarching goal of digital therapeutics:

to engage users in a meaningful way that promotes positive

health behaviors and outcomes. The use of gamification in our

study aims to leverage these benefits, creating an engaging and

effective platform for deep breathing exercises.

Based on our review of gamification and its application in

healthcare, the effects and flow of gamification have been

summarized as follows. This summary illustrates how

gamification can transition the user experience from a passive to

an active role, underlining its significance in enhancing user

engagement and motivation. This transformation is crucial in

digital therapeutics, where active participation can lead to

improved health outcomes. A visual representation of the effects

and flow of gamification, as derived from our review, is depicted

in Figure 1 below.
2.2 Gamification in deep breathing

As the digital therapeutic landscape continues to evolve, there’s

an increasing emphasis on enhancing user engagement to

maximize therapeutic benefits. One innovative strategy that’s

gaining traction is the incorporation of gamification into deep

breathing interventions. By gamifying deep breathing exercises,

these interventions aim not only to harness the therapeutic

advantages of controlled respiration but also to elevate user

commitment, thereby improving the overall effectiveness of the

intervention (15, 16).

Building upon the foundation set by previous studies, such as

“Calm: Blow away your Stress” and “Breeze”, our research

proposes an optimal design for gamifying deep breathing

interventions that target relaxation. For instance, the mobile

application “Calm: Blow away your Stress” (15) invites users to

dissipate twelve clouds using their breath through the

microphone. The application’s animated clouds and breath-based

feedback stimulate user curiosity and engagement. However, the

study did not distinctly address the explicit impact of these

elements on engagement.

Another gamified deep breathing intervention is exemplified by

“Breeze” (17). In this application, users control the sailing of a boat

in a game-like setting by breathing directly into the microphone.

The design incorporates a changing background as the boat sails
frontiersin.org
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FIGURE 1

Effects of gamification and its flow.
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further, encouraging continued user interaction. Feedback is

provided based on the user’s control over the boat’s movement,

with the Mel-Frequency Cepstral Coefficients (MFCC) feature

extraction technique ensuring the feedback’s accuracy by

assessing the user’s breathing state.
2.3 Affordance-based design

One of the main components of digital health is self-care. This

feature signifies a shift from the traditional approach of relying on

hospital visits and medical staff for diagnoses and treatments,

empowering individuals to manage their own health needs as

required (18). Because digital health or DTx requires self-

management and system utilization by the user, Human–

Computer Interaction (HCI) becomes an essential aspect.

Specifically, appropriate guidance should be integrated within the

system to ensure users can easily navigate digital health systems (19).

One design element to facilitate this intuitive guidance is

affordance-based design. Affordances, defined as the inherent

qualities of a design that dictate how an object should be

interacted with, can help address a major challenge in digital

health: providing comprehensive guidance with minimal user

effort (20). Beyond the affordance design for simple self-

management, it is posited that for digital health, the effectiveness

of treatment can be maximized when the five objectives—social,

cognitive, identity, emotional, and functional—are well-

communicated through affordances (21).

The paper emphasizes the different affordances’ importance in

digital health, which includes social elements fostering a sense of

belonging and support, cognitive aspects articulating the

service’s advantages, identity elements catering to users’ ideal

self-aspirations, emotional components generating positive

sentiments, and functional attributes using technology to

increase acceptance.

In summary, where self-care is paramount in digital health, an

affordance-based design that helps users easily understand how to
Frontiers in Digital Health 0393
use the system is crucial. The effect can also be maximized when

the five key affordances are adequately fulfilled.
2.4 Machine learning for deep breathing

Technological advancements in machine learning have

significantly enhanced the domain of relaxation therapy,

especially in the application of deep breathing exercises (22). The

use of mobile devices’ microphone modules for real-time

assessment and feedback of breathing states represents a major

leap forward (17). This development is crucial for providing

users with immediate and accurate feedback on their breathing

patterns, essential for effective relaxation therapy (23).

Machine learning techniques, such as Mel Frequency Cepstral

Coefficient (MFCC), have been particularly instrumental in this

regard. Originally used in speech recognition (24, 25), MFCC has

now become a primary technique for analyzing breathing data.

Its ability to extract significant features through spectral analysis

has been crucial in developing more sophisticated and user-

friendly relaxation therapy applications (26).

Building on this foundation, our study has implemented a deep

breathing feature that provides accurate feedback using MFCC.

Considering that most mental healthcare software is currently

mobile-based, our focus has been on developing a system that is

well-suited for the mobile environment. This approach ensures

that our deep breathing exercises are not only effective but also

accessible and practical for users on mobile platforms, aligning

with the trend towards mobile health solutions in mental healthcare.
2.5 Heart rate variability (HRV)
measurement

Heart Rate Variability (HRV) serves as a major indicator of the

autonomic nervous system’s functionality and has gained

importance in the study of mental disorders (27). The analysis of
frontiersin.org
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FIGURE 2

Gamified deep breathing app design.
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HRV data, using methods such as frequency domain and time domain

analysis, provides valuable insights into an individual’s physiological

responses under different conditions (28). These insights are pivotal

for understanding the impact of various therapies, including deep

breathing exercises, on mental well-being (29).

The measurement of HRV, therefore, becomes an integral part

of our study, offering a window into the physiological impacts of

our proposed deep breathing exercises. This rich source of data is

instrumental in evaluating the efficacy of our interventions in a

quantifiable and scientific manner. Considering the objective and

scientific nature of HRV measurement, we have chosen this

method as a key component to substantiate the effectiveness of

our study. By proving the efficacy through HRV analysis, we aim

to provide more objective and concrete evidence of the

therapeutic benefits, further validating the practical implications

of our research in mental health treatment.
3 Methodology

3.1 Designing a gamified deep breathing
system

The present study introduces a gamified deep breathing system,

infusing gamification principles into relaxation exercises. This

novel approach aspires to alleviate the monotony of traditional

deep breathing exercises, aiming for increased user immersion.

To foster continuous engagement, our system offers real-time

feedback, employing machine learning to provide accurate

insights into the user’s breathing dynamics.

Our design incorporates ’affordance-based design’ principles,

facilitating intuitive user perception and interactions within the
Frontiers in Digital Health 0494
application environment. The user interface employs

straightforward and intuitive on-screen visuals corresponding

with different breathing phases: inhalation, exhalation, and rest.

During inhalation, a ’wind’ effect descends on the screen, guiding

users to breathe in. For exhalation, users blow into the

microphone, causing the ’wind’ effect to ascend, reflecting the

exhale action. Finally, in the rest phase, the ’wind’ effect

disappears, signaling users to pause their breathing. The actual

implementation of this breathing system can be seen in Figure 3.

In contrast, the application used by the control group, while

also providing visual cues for breathing indication, lacked the

gamification and affordance design elements of our system. This

key difference lies in the absence of interactive elements such as

the ’wind’ effect and the dandelion seed metaphor, which are

integral to our system’s user engagement strategy. The control

group’s application primarily relied on simpler visual cues

without the interactive and immersive components that

characterize our gamified approach. An example screen of the

application used by the control group can be found in Figure 4.

This design approach ensures a more engaging and interactive

experience, aligning with our goal of enhancing user immersion in

deep breathing exercises through gamification. By visually and

interactively guiding users through each breathing phase, the

system provides a unique and effective way to practice deep

breathing, making the exercise both enjoyable and beneficial.

A pivotal design feature is the dandelion seed, a visual

metaphor symbolizing the need for gentle, controlled breathing.

Considering the key affordances of digital health outlined by

Wong et al. (21), our design integrates elements of cognitive,

emotional, identity, and functional affordances. The social aspect,

though ideal, is outside this study’s scope. For cognitive

reinforcement, the application elucidates the merits of deep
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FIGURE 3

Circle relaxation app design.

FIGURE 4

Overview of gamified deep breathing system.
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breathing and its mental health impacts. Positive feedback

messages uplift emotional affordance. The system’s visualization

of a dandelion ascending and ultimately blossoming reinforces

identity. Clear insights into the system’s workings (e.g., federated

learning) amplify functional affordance.

For the social aspect, the system would ideally allow users to

share their progress and engage with others, promoting a sense

of belonging and support. However, given the scope of this
Frontiers in Digital Health 0595
study, this feature was not included in the current

implementation. To enhance cognitive affordance, the application

offers guidance on the benefits of deep breathing on relaxation

and its overall influence on mental health before exercise. This

approach strengthens users’ understanding of the intervention’s

efficacy and mechanics, potentially boosting its overall

effectiveness. Emotional affordance can be stimulated through

positive reinforcement and fostering a positive self-perception.
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The system achieves this by providing encouraging feedback, such

as “Good Job” and “Almost there,” following each game attempt.

The incremental progress towards the goal and culminating in a

blossoming flower upon a successful session establishes a

rewarding cycle that promotes emotional satisfaction. Identity

affordance is amplified through having a positive self-image

through a positive transformation, enhancing both self-efficacy

and motivation. Users are invited to embrace this positive

identity by envisioning themselves as a dandelion gradually

ascending the stairs and ultimately blooming into a flower in the

end. This imagery embodies personal growth and positive

transformation for the users. Lastly, functional affordance is

elevated when users have a clear comprehension of the system’s

technical mechanisms, such as federated learning, promoting

greater acceptance and trust in the system. We reinforced this by

including messages like “synching your breath with the system”

during moments of rest in the game.

To sustain user motivation, our system implements progressive

disclosure, unveiling features progressively to retain user

engagement (30). For instance, the dandelion seed’s ascension up

the stairs mirrors the user’s progress.

The efficacy of these design features in fostering engagement,

motivating users, and improving the intervention’s effectiveness

will be evaluated using appropriate evaluation metrics and

methods, which will be elaborated upon in the following sections.
3.2 Implementation

Our implementation strategy involved leveraging mobile device

technology to create an accessible and effective deep-breathing

application. The microphone module of the device is used to detect

the user’s breathing, with ambient noise levels measured to ensure

accuracy. The MFCC method is utilized for feature extraction,

differentiating between correct and incorrect breathing patterns.

During the deep breathing exercises, the system guides users

through a series of rest, inhale, and exhale phases, with the dandelion

seed’s movement on the screen corresponding to the user’s breathing.

We conducted a preliminary study with 40 college students to refine

the deep breathing recognition system, creating a dataset of breathing

recordings under diverse conditions. This data was used to train and

refine our model, ensuring its accuracy and reliability.

The final system was developed using Python and TensorFlow,

and the interface was built with Unity. Our approach emphasizes

the personalization of the breathing exercises, tailoring the

experience to each user’s needs and progress.

The application’s design leverages the built-in microphone of

mobile devices to detect users’ breathing patterns, thereby

providing gamified biofeedback. As users engage with the system,

their continuous breathing practice animates a dandelion seed in

the game interface. However, challenges arise when ambient noise

might erroneously influence the seed’s movement. Addressing

such potential inaccuracies was crucial, as inconsistencies in the

feedback can erode users’ trust in the application’s effectiveness (31).

Upon the game’s initiation, the microphone module

automatically measures the surrounding noise level for a span of
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three seconds. This ambient noise reading serves as a baseline

against which the user’s breathing is compared with the help of a

threshold algorithm. To refine the accuracy of this system, we

employed the Mel-Frequency Cepstral Coefficient (MFCC) for

feature extraction. Furthermore, convolutional neural network

machine-learning techniques were used to discern genuine

breathing patterns from both ambient noise and incorrect

breathing phases. Figure 4 illustrates the steps of receiving user

input, recognizing the breathing phase, collecting newly acquired

data, and updating the application’s classification model.

Guided by the application, users cycle through a series of rest,

inhale, and exhale phases. During the exhale phase, the application

assesses the sound it captures. The dandelion seed’s movement on

the screen corresponds to this classified exhalation. A strong

exhalation might propel the seed considerably, while a weak one

might not move the seed at all. Such visual feedback is

instrumental, offering users insights into their breath strength. This

dynamic aims not just to mirror the user’s breathing pattern but

also to discourage behaviors like hyperventilation and instead foster

proper breathing techniques geared towards relaxation.

To refine the deep breathing recognition system, our team

conducted a study involving 40 college students. This exercise

produced a dataset of a total of 200 1-minute-long breathing

recordings made under diverse environmental conditions. Within

each recorded file, sections corresponding to exhale, inhale, and

rest phase were further subdivided using a windowing method.

These recordings were subsequently transformed from their

initial time-domain waveform format to a more illustrative mel-

spectrogram. The MFCC process was then used to extract

distinct sound characteristics from each recording.

The recorded audio signal data, initially in the form of a time-

domain waveform, was converted into a mel-spectrogram using a

Fourier transform in the frequency spectrum. This conversion

enabled us to represent the signal visually. Subsequently, the

MFCC method was carried out to extract representative features

of each recorded breathing phase (25). Firstly, windowing was

applied to divide each crucial section, after which the section

energy was computed using the Mel Filter Bank in the power

spectrum for each divided signal data (32). By applying cepstral

analysis to the Mel spectrum, which was analyzed through the

Mel Filter Bank, we could obtain the MFCC. Each audio signal

was thus converted into an MFCC format through these

processing steps, which facilitated the extraction of unique

characteristics of the corresponding sound.

Real-time classification of each breathing phase was made

possible by harnessing a MobileNetV2-based model. The

lightweight nature of MobileNetV2 made it an apt choice as the

foundational architecture for our custom breathing classification

model. When our initial model was tested against the MFCC

feature data, it boasted an impressive 93.33% accuracy. Moreover,

it achieved 93.65% average sensitivity and 96.58% average

specificity across the three distinct breathing phases.

A notable aspect of the deep breathing application presented in

this study is the personalized classification model update feature for

each user. While previous studies also apply transfer learning and

machine learning algorithms for user breathing measurement, they
frontiersin.org
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FIGURE 5

Classification model update process during deep breathing.

Jeong et al. 10.3389/fdgth.2024.1287340
implemented a single, generalized weight set model into the system.

Contrarily, we designed our proposed breathing application to

maximize the effectiveness of digital treatments by enabling each

user to cultivate their own optimized breathing model. Figure 5

describes the communication between mobile applications and

central servers and how individual models are updated.

As previously mentioned, we adopted and utilized the model

update process of the federated learning structure to create and

update a model for each user. In a manner similar to federated

learning, the initial model Wt is stored on a central server and

provided to a new user before the deep breathing system

commences. In the mobile application, the method repeats in the

order of rest-inhale-exhale and carries out breathing classification

and feature extraction using the current model Wt in each section.

The newly inputted user breathing data during the inhale and

exhale phases are processed, stored, and transmitted to the central

server during the next rest cycle. The central server then applies

the new input data to the transfer learning algorithm for model

weight updates, which are then returned to the mobile application

for system updates. A clustering algorithm was applied in the

transfer learning process, similar to the technology mentioned in

research (33), which helped set a threshold. This threshold allowed

individual users to understand the characteristics of each label

better. Through this personalized model weight update process,

the more each user utilizes the app, the more tailored the model

becomes, eventually leading to an optimized breathing threshold.

All these developments and refinements were achieved using

Python 3.9.17 and Tensorflow 2.10.1. The final iteration of the

system was built with Unity 2021.3.5f1 and optimized for a

platform equipped with an Intel Core i7-10700 processor and

NVIDIA GeForce RTX3070 graphics.
3.3 Experiment setting

To validate the effectiveness and usability of the proposed

deep-breathing mobile application, we conducted an experiment

with 70 participants. These participants were randomly assigned
Frontiers in Digital Health 0797
to either the intervention group, which used our developed

system, or the control group, which used an existing deep-

breathing mobile application that provides an image to guide the

breathing rhythm. The experiment incorporated HRV (Heart

Rate Variability) measurements, taken with the ubpulse T1

device developed by LAXTHA, to assess the relaxation effects of

deep breathing. Initial baseline HRV measurements were

recorded, followed by a one-minute deep breathing session using

the respective applications. After the session, HRV measurements

were taken again. Following the HRV measurement, participants

completed a user experience survey to provide feedback.

Subsequently, our user experience survey was based on the

Technology Acceptance Model (TAM). This model emphasizes

perceived ease of use and perceived usefulness as key

determinants of user attitudes and intentions towards adopting

new technologies (34). The survey also incorporated measures of

perceived enjoyment, especially considering the gamification

elements integrated into our proposed system (35). The primary

objective of this survey was to gauge user experiences and their

intentions to continue using the deep breathing mobile

application over time.
4 Results

In our experiment, we enrolled a total of 70 participants. Both

the intervention group and the control group consisted of 35

individuals each. The participants had an average age of 33,

including 39 females and 31 males. They were meticulously

selected, ensuring none had specific heart conditions or were on

medications that might influence the Heart Rate Variability

(HRV) measurement.
4.1 Statistical analysis of HRV metrics

Our study revealed significant changes in the Heart Rate

Variability (HRV) indices following the deep breathing exercises.
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These indices, including normalized low frequency (normLF),

normalized high frequency (normHF), Standard Deviation of NN

Interval (SDNN), Total Power (TP), and HRV, are pivotal for

monitoring the autonomic nervous system’s functionality and

assessing resilience to stress.

For the intervention group, the baseline for normLF was

(M ¼ 53:58, SD ¼ 4:44). This value increased to (M ¼ 58:10,

SD ¼ 2:28) during the deep breathing exercises. In tandem with

this, the normHF values saw a decrease from its baseline of

(M ¼ 46:42, SD ¼ 4:43) to (M ¼ 41:89, SD ¼ 2:28) during

the exercises.

For the control group, the normLF values increased from a

baseline of (M ¼ 52:45, SD ¼ 5:56) to (M ¼ 55:47, SD ¼ 2:20)

during the exercises. Similarly, normHF values decreased from its

baseline (M ¼ 47:54, SD ¼ 5:56) to (M ¼ 44:52, SD ¼ 2:20).

The t-test revealed significant p-values for changes in normLF

and normHF for both groups, each being p 0.05. This indicates that

during deep breathing, there’s an increase in sympathetic nerve

activity due to lung movement and a corresponding decrease in

parasympathetic activity. Notably, the rise in sympathetic nerve

activity before and after the deep breathing exercise in the

intervention group was significantly pronounced, registering a

difference of þ4:52 (t ¼ �5:353, p , 0:001) in comparison to

the control group, which had a difference of þ3:02 (t ¼ �2:986,

p ¼ 0:004). This observation suggests that participants in the

intervention group were more engaged, resulting in heightened

sympathetic activity (36).

Following the deep breathing exercise, the LF and HF values were

measured once again during the recovery phase. The intervention

group displayed normLF values of (M ¼ 56:22, SD ¼ 4:69) and

normHF values of (M ¼ 43:77, SD ¼ 4:69). On the other hand, the

control group registered normLF values of (M ¼ 54:38, SD ¼ 5:28)

and normHF values of (M ¼ 45:61, SD ¼ 5:28). When juxtaposed

with the measurements taken during the deep breathing phase, it

was evident that both groups exhibited a drop in normLF and a rise

in normHF, signaling relaxation.

Delving deeper into the specifics, the intervention group

witnessed a statistically significant decline in normLF by �1:88

(t ¼ 2:126, p ¼ 0:038) and a corresponding increase in normHF

by þ1:88 (t ¼ �2:126, p ¼ 0:038). Conversely, the control group

noted a drop in normLF by �1:09 (t ¼ 1:13, p ¼ 0:264) and an

increase in normHF by þ1:09 (t ¼ �1:13, p ¼ 0:264), but

neither of these changes was statistically significant. This

indicates that the intervention group, who were more proactive

during deep breathing, experienced pronounced activation of the

sympathetic nerves and succeeded by activation of the

parasympathetic nerves. However, the control group, which was

relatively less engaged in deep breathing, did not exhibit a

substantial relaxation response afterward.

Subsequent measurements encompassed additional HRV

metrics, notably SDNN, TP, and HRV. To discern the

significance of these fluctuations, t-test evaluations were executed.

For the intervention group, the variations manifested as follows:

SDNN had a difference of þ24:08 (t ¼ �5:894, p , 0:001), TP

by þ1:07 (t ¼ �5:118, p , 0:001), and HRV by þ3:91

(t ¼ �3:622, p , 0:001), all being statistically significant. In the
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control group, SDNN changed by þ15:98 (t ¼ �3:309,

p ¼ 0:001), TP by þ0:88 (t ¼ �3:702, p , 0:001), and HRV by

þ3:4 (t ¼ �2:664, p ¼ 0:009). Though these changes were

significant, the scope and amplitude of these modifications were

more prominent in the intervention group.

These findings underscore significant shifts in markers of

autonomic nervous system activity, notably including the Standard

Deviation of the NN Interval (SDNN), TP, and HRV, during deep

breathing exercises. SDNN, as a sensitive marker within HRV,

plays a pivotal role in indicating an individual’s stress response

and overall autonomic nervous system balance (37). A lower

SDNN is often associated with reduced stress resilience and

poorer mental health outcomes. Thus, the observed reduction in

SDNN in our intervention group is particularly meaningful,

suggesting that our deep breathing system could be more effective

than conventional techniques in enhancing mental health care.

These markers not only trace changes in the autonomic nervous

system but also reflect an individual’s resilience to stress (38). The

more pronounced alterations in the intervention group as opposed

to the control group indicate that sustained use of our system

might amplify relaxation and bolster stress resilience by positively

modulating the autonomic nervous system. This offers valuable

support in managing mental health and demonstrates the practical

implications of our findings. A detailed breakdown of the HRV

measurements is available in Table 1.
4.2 Usability analysis

Our analysis extended beyond evaluating the efficacy of the

deep breathing system; we delved into its usability as well. A

preliminary reliability analysis was performed using Cronbach’s

alpha for the gathered results.

The user acceptance of our technology was assessed based on

the primary constructs of the Technology Acceptance Model

(TAM), specifically: perceived ease of use (PEOU), perceived

usefulness (PU), attitude towards using (ATT), and intention to

use (ITU). Additionally, we considered perceived enjoyment

(PENJ) given its relevance. The reliability metrics for each

construct were: PEOU(a ¼ 0:86), PU(a ¼ 0:73), PENJ

(a ¼ 0:93), ATT(a ¼ 0:83), and ITU(a ¼ 0:92). All the

Cronbach’s alpha values surpassed the 0.7 threshold, solidifying

the reliability of our measures.

Breaking down the results for the intervention group: PEOU

scored (M ¼ 6:10, SD ¼ 0:99), PU at (M ¼ 5:41, SD ¼ 1:07),

PENJ reached (M ¼ 5:91, SD ¼ 0:98), ATT scored (M ¼ 5:80,

SD ¼ 0:89), and ITU stood at (M ¼ 5:19, SD ¼ 1:24). In

contrast, the control group results were: PEOU (M ¼ 6:24,

SD ¼ 0:97), PU (M ¼ 5:28, SD ¼ 0:99), PENJ (M ¼ 5:00,

SD ¼ 1:37), ATT (M ¼ 5:24, SD ¼ 1:18), and ITU (M ¼ 4:87,

SD ¼ 1:70). Interestingly, aside from PEOU, all metrics indicated

a preference for the intervention system.

In the subsequent t-test, only PENJ (t ¼ 3:175, p ¼ 0:002) and

ATT (t ¼ 2:237, p ¼ 0:028) showcased significant disparities

between the groups. However, when introducing a regression

analysis, considering ITU as the dependent variable, both PENJ
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TABLE 1 Statistical Analysis result of Intervention group and Control group.

Frequency domain Time domain

2*norm LF 2*norm HF 2*SDNN 2*TP 2*HRV
Intervention group - Mean (SD)

Baseline 53.58 (4.44) 46.42 (4.43) 40.57 (18.20) 7.12 (0.92) 11.83 (4.27)

difference þ4:52 �4:53 þ24:08 þ1:07 þ3:91

(p , 0:001) (p , 0:001) (p ¼ 1:36e� 07) (p , 0:001) (p , 0:001)

Relaxation 58.10 (2.28) 41.89 (2.28) 64.65 (15.90) 8.19 (0.82) 15.74 (4.75)

difference �1:88 þ1:88 �27:08 �1:25 �5:31

(p ¼ 0:038) (p ¼ 0:038) (p , 0:001) (p , 0:001) (p , 0:001)

Recovery 56.22 (4.69) 43.77 (4.69) 37.57 (17.46) 6.94 (0.98) 10.43 (3.44)

Control Group - Mean (SD)

Baseline 52.45 (5.56) 47.54 (5.56) 48.82 (21.76) 7.43 (1.08) 12.90 (5.33)

difference þ3:02 �3:02 þ15:98 þ0:88 þ3:40

(p ¼ 0:004) (p ¼ 0:004) (p ¼ 0:001) (p , 0:001) (p ¼ 0:009)

Relaxation 55.47 (2.20) 44.52 (2.20) 64.80 (18.47) 8.31 (0.91) 16.30 (5.33)

difference �1:09 þ1:09 �21:16 �1:06 �3:72

(p ¼ 0:264) (p ¼ 0:264) (p , 0:001) (p , 0:001) (p , 0:001)

Recovery 54.38 (5.28) 45.61 (5.28) 43.74 (15.74) 7.25 (0.77) 12.58 (3.95)

Bold indicates significance at p-value < 0.05.

FIGURE 6

Boxplot of perceived enjoyment and attitude.
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(t ¼ 7:743, p , 0:001) and ATT (t ¼ 7:516, p , 0:001) emerged

significantly. This suggests that PENJ and ATT might play pivotal

roles in determining the long-term inclination towards our

deep breathing system. These findings are graphically represented

in Figure 6.
5 Discussion

In summarizing our findings regarding the efficacy and

usability of our evolving deep breathing system in the realm of

digital healthcare and Digital Therapeutics for mental well-being,

our study illuminates several key aspects and future potentials.
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The integration of gamification in our system, characterized by

elements such as enjoyment and interactive feedback, has

significantly improved participant commitment to deep breathing

exercises. Furthermore, the application of machine learning,

particularly the use of Mel Frequency Cepstral Coefficient

(MFCC) for real-time assessment and feedback of breathing

states, has shown promising results in enhancing the effectiveness

of our deep breathing exercises. Our results showed his

technological advancement is pivotal in creating a more

personalized and responsive therapeutic experience.

Moreover, our study’s utilization of Heart Rate Variability

(HRV) as a dynamic indicator of the autonomic nervous system’s

functionality has provided invaluable insights. The analysis of

HRV data, through frequency and time domain methods, has
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helped us understand the physiological impact of our deep

breathing exercises on mental well-being. This comprehensive

measurement approach underpins the potential effectiveness of

our interventions in managing mental health conditions like

anxiety, stress, and mood disorders.

Looking towards the future, we envision our system’s continued

refinement leading to more widespread and effective use in DTx

applications. Its ability to actively engage the autonomic nervous

system suggests that it could be applied to a broader range of

mental health conditions, potentially offering a non-invasive, user-

friendly alternative to more traditional therapies (39). The observed

patterns in Low Frequency (LF) and High Frequency (HF) values

during exercises indicate a direct impact on the autonomic nervous

system, providing a basis for exploring its application in managing

conditions like anxiety, stress, and mood disorders (40).

In terms of usability, our system’s positive reception compared to

traditional deep breathing exercises positions it as a more engaging

and effective tool for mental health management. This user-friendly

approach, coupled with the potential for sustained use, underlines

our system’s capacity to deliver long-term therapeutic benefits (41).

It also opens avenues for integration with other digital health

applications, enhancing overall mental health care efficacy (42).

Overall, the implications of our research extend beyond immediate

findings, suggesting a transformative potential for digital therapeutics

in mental health management, both now and in the future.
5.1 Limitation & future works

The present study mainly pivoted towards optimizing for

mobile platforms, mirroring the digital health industry’s

trajectory. Consequently, it might not have fully capitalized on

the potential of existing computer technology. For instance, our

study employed a model updating framework akin to federated

learning for personalizing the classification model. However,

inherent limitations in mobile-based self-learning prompted us to

rely on a method that sends user data to a central server. This

aspect highlights the necessity for subsequent research, especially

as mobile technologies continue to evolve. Moreover, our system

design didn’t manage to incorporate every suggested design

element derived from an affordance-based standpoint, primarily

because our focus was on initial validation in the absence of any

affordance-based designed breathing systems. We foresee more

refined research addressing these gaps. Finally, while the gender

and age distribution of our participants provided initial insights,

the limited sample size of 70 may constrain the generalizability

of our findings. Future studies with larger and more diverse

samples are essential to validate and extend our findings.
6 Conclusion

In our research, we introduced and assessed a deep breathing

system tailored for digital healthcare and Digital Therapeutics

contexts. Our findings underscore the system’s potential to

substantially enhance mental health by fostering engaging and
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personalized user interactions. The integration of gamification

and machine learning-driven personalized feedback has

successfully motivated users to be more proactive during the

deep breathing exercises. This heightened involvement manifests

physiologically, evidenced by the rise in LF values during

exercises, followed by an increase in HF, signifying exertion and

subsequent relaxation effects. Moreover, the data suggest that our

approach can invigorate the autonomic nervous system,

potentially boosting stress resilience and further emphasizing the

therapeutic promise of our solution.

From a usability perspective, participants expressed a marked

preference for our system over traditional deep breathing

alternatives, recounting a more delightful and affirmative

experience. This enthusiasm is a robust testament to the system’s

potential for consistent use, a crucial aspect for realizing

enduring therapeutic advantages.

Despite these positive strides, the study illuminated avenues for

refinement and future exploration. Prioritizing the full spectrum of

computer technology, embedding more affordance-driven design

facets, and tapping into a wider participant demographic

emerged as the study’s limitations. These identified gaps are

envisioned to steer forthcoming advancements and scholarly

pursuits, paving the way for even more sophisticated digital

therapeutic instruments dedicated to mental wellness.

In summation, our innovative deep breathing system represents

a seminal advancement in digital healthcare. It not only acts as a

potent stress alleviation tool but also cultivates a culture of active

user participation, leading to enhanced mental well-being. The

challenges and prospective research pathways spotlighted in our

study offer exciting prospects for refinement and breakthroughs

in this swiftly progressing sector.
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Perception and appropriation
of a web-based recovery
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qualitative interview study
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Donna Franklin3,4, Elvira Perez Vallejos5,6, Dror Ben-Zeev7,
Yasuhiro Kotera1,8 and Mike Slade1,9

1School of Health Sciences, Institute of Mental Health, University of Nottingham, Nottingham,
United Kingdom, 2Department of Architecture and Built Environment, Faculty of Engineering, University
of Nottingham, Nottingham, United Kingdom, 3NEON Lived Experience Advisory Panel, Nottingham,
United Kingdom, 4School of Health and Related Research, University of Sheffield, Sheffield, United
Kingdom, 5School of Medicine, University of Nottingham, Nottingham, United Kingdom, 6School of
Computer Science, University of Nottingham, Nottingham, United Kingdom, 7Department of Psychiatry
and Behavioral Sciences, School of Medicine, University of Washington, Seattle, WA, United States,
8Center for Infectious Disease Education and Research, Osaka University, Osaka, Japan, 9Faculty of
Nursing and Health Sciences, Health, and Community Participation Division, Nord University, Namsos,
Norway
Introduction:Mental health recovery narratives are widely available to the public,
and can benefit people affected by mental health problems. The NEON
Intervention is a novel web-based digital health intervention providing access
to the NEON Collection of recovery narratives. The NEON Intervention was
found to be effective and cost-effective in the NEON-O Trial for people with
nonpsychosis mental health problems (ISRCTN63197153), and has also been
evaluated in the NEON Trial for people with psychosis experience
(ISRCTN11152837). We aimed to document NEON Intervention experiences,
through an integrated process evaluation.
Methods: Analysis of interviews with a purposive sample of intervention arm
participants who had completed trial participation.
Results: We interviewed 34 NEON Trial and 20 NEON-O Trial participants (mean
age 40.4 years). Some users accessed narratives through the NEON Intervention
almost daily, whilst others used it infrequently or not at all. Motivations for trial
participation included: exploring the NEON Intervention as an alternative or
addition to existing mental health provision; searching for answers about
mental health experiences; developing their practice as a mental health
professional (for a subset who were mental health professionals); claiming
payment vouchers. High users (10 + narrative accesses) described three forms
of appropriation: distracting from difficult mental health experiences; providing
an emotional boost; sustaining a sense of having a social support network.
Most participants valued the scale of the NEON Collection (n= 659 narratives),
but some found it overwhelming. Many felt they could describe the
characteristics of a desired narrative that would benefit their mental health.
Finding a narrative meeting their desires enhanced engagement, but not
finding one reduced engagement. Narratives in the NEON Collection were
perceived as authentic if they acknowledged the difficult reality of mental
health experiences, appeared to describe real world experiences, and
described mental health experiences similar to those of the participant.
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Discussion: We present recommendations for digital health interventions
incorporating collections of digital narratives: (1) make the scale and diversity of
the collection visible; (2) provide delivery mechanisms that afford appropriation;
(3) enable contributors to produce authentic narratives; (4) enable learning by
healthcare professionals; (5) consider use to address loneliness.

KEYWORDS

digital health intervention, online intervention, psychosis, recovery narrative, recovery

story, lived experience narrative, autobiography, NEON Intervention
1 Introduction

Narratives describing recovery from mental health problems are

readily available to the public. Whilst many are presented as written

autobiographies (1), we have also encountered forms such as visual

art, poetry, audio recordings, video recordings, and a mixture of

modalities in one narrative (2). Llewellen-Beardsley (3) has argued

that mental health recovery narratives are a distinctive genre, and

Llewellyn-Beardsley and colleagues (4) have advocated for an

inclusive recovery narrative definition, which encompasses

narratives expressing the struggles and/or adversities that a

narrator has experienced, alongside their strengths, successes, and

survival. This is congruent with a longstanding orientation in

which the term “recovery” is defined as “a way of living a

satisfying, hopeful, and contributing life even within the

limitations caused by illness” (5). Whilst our focus is mental

health recovery narratives, we are aware that recovery narratives

are regularly published to describe a range of health experiences,

including for diabetes (6) and cancer recovery (7).

Recovery narratives have been used to create individual and

societal benefits. A systematic review on the uses of mental

health recovery narratives (8) identified 27 different uses, which

were categorised as political (e.g., supporting policy change),

societal (e.g., reducing mental health stigma), community (e.g.,

drawing attention to mental health concerns in a particular

community), service level (e.g., improving mental health and

social care services), and individual (e.g., as a therapeutic tool in

an individual intervention). In mental health, some Digital

Health Interventions (DHIs) have included recovery narratives as

a proposed active ingredient, e.g., one of the proposed

mechanisms by which the DHI improves outcome. For example,

the Self-Management And Recovery Technology (SMART) study

developed a web-based intervention presenting videos in which

people with lived experiences of psychosis reflected on their

recovery, alongside other supportive material such as health

information (9). An interview study found that SMART access

helped recipients who had experienced psychosis to gain a

renewed belief in achieving recovery. Accessing SMART also

helped participants to feel less alone, and more connected,

hopeful, and inspired (9). Recovery narratives have also been

used in interventions outside of mental health (10–12), including

in a randomised controlled trial (RCT) which found that self-

efficacy in achieving weight loss significantly increased in

participants who had read indexed narratives compared to a

control group (11).
02104
As well as being available individually, recovery narratives can

be grouped together into printed or online collections, often

grouped by topic. For example, a published book of psychosis

recovery narratives sought to create hope for the future, for

people experiencing psychosis, and for those who offer care to

them (13). National anti-stigma campaigns such as Time to

Change in the UK (14) and Here to Help in Canada (15) have

provided web-based access to large collections of recovery

narratives with the intention of reducing mental health stigma

(15). In the UK, it has become a common practice for units in

the National Health Service (NHS) to share collections of service

user recovery narratives, for example to support the

understanding of mental health conditions and recovery by other

service users (16). The people who produce narrative collections

can be thought of as active participants in the selection,

processing, and organisation of the collection (17), and hence

can influence how mental health is seen and understood (2). In

interview study with collection organisers has shown that

narratives are often selected to create a desired influence (8).
1.1 The narrative experiences online
intervention

The Narrative Experiences Online (NEON) study https://www.

researchintorecovery.com/research/neon has developed the NEON

Intervention, a web-based DHI providing access to a collection of

659 international mental health recovery narratives, donated by

individuals and from existing collections (18). Each narrative in

the NEON Collection is characterized using the 77-item

Inventory of Characteristics of Recovery Stories (INCRESE) (19).

The development process for the NEON Intervention began by

establishing a verifiable theory (20) on the characteristics (4, 21)

and recipient impact (22–25) of recovery narratives. A prototype

web-application was co-produced, and then iteratively improved

through a feasibility study with mental health service users,

including through interviews collecting immediate responses to

prototype features, and reflective responses after one month of

use (20). Safety strategies were developed with academic and

lived experience advice (20). They included the use of content

warnings (26) before access to narratives containing content with

the potential to cause distress, the ability to block (and unblock)

individual narratives, an information page presenting both

service signposting and self-management information, and the

ability to rapidly exit the NEON Intervention (for example, if
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participants feared stigma when using the NEON Intervention in a

public place). As we developed the NEON Intervention, we were

conscious that first contact with a healthcare technology can be

challenging for people experiencing mental health problems (27).

Hence to support new users to learn about the NEON

Intervention, each participant was shown a narrative from a

small set of narratives empirically identified as hope-inspiring for

participants in a previous study (20), immediately after all online

trial procedures and a personal profile had been completed.

Participant format preferences recorded in the personal profile

were respected e.g., a video first narrative was shown to

participants not wanting text-based narratives. This was to aid

inclusion for people experiencing difficulties processing specific

narrative forms, e.g., dyslexia.

The central feature of the NEON Intervention is a homepage

providing users with five narrative access mechanisms (Figure 1):

(1) Match me to a story: requests that a recommender system

selects a narrative. Recommender systems are algorithms

designed to match digital media material to users (28).

(2) Get me a random story: requests a randomly selected narrative.

(3) Browse stories: enables a user to browse NEON Collection

narratives, by selecting from categories relating to
FIGURE 1

NEON Intervention home page.

Frontiers in Digital Health 03105
characteristics of the narrator (Figure 2) or narrative

content (Figure 3).

(4) My stories—bookmarked: enables a user to request a

previously-saved narrative

(5) My Stories—hopeful: enables a user to request a previously

viewed narrative which they rated as high on hopefulness.

NEON has conducted two pragmatic randomised controlled

trials of the NEON Intervention with different populations,

which have been designed to produce a definitive result (18, 29).

The NEON-O Trial included participants who experienced

mental health problems other than psychosis in the last 5 years

(N = 1,023, https://www.isrctn.com/ISRCTN63197153). It found

that NEON Intervention access was effective at increasing quality

of life, increasing the presence of meaning in life, and was cost-

effective from the perspective of the statutory health and social

care system in England (30). The NEON Trial (N = 739, https://

www.isrctn.com/ISRCTN11152837) included participants

experiencing current mental health distress, and who had

experienced psychosis in the last 5 years. An evaluation of

effectiveness and cost-effectiveness will be reported elsewhere.

DHIs can extend health service provision to people not currently

using services, and hence for external validity, both trials
frontiersin.org
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FIGURE 2

Characteristics of the narrator that can be used to filter for narratives.
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recruited people who had used mental health services and those

who had not (31).

Prior research in mental health has established the importance

of documenting user experiences of DHIs (32), for example to

generate knowledge to inform iterative development of the same

and related DHIs. The aim of the current study was therefore to

understand the experiences of NEON Trial and NEON-O Trial

participants in registering for the NEON Trial and NEON-O

Trial, and in using the NEON Intervention. The objectives for

the analysis presented in this paper are:

1. to identify motivations for trial participation and intervention

usage
Frontiers in Digital Health 04106
2. to document how the NEON Intervention was appropriated

3. to document perceptions of the NEON Collection that

influenced usage

Our selection of these foci was informed by prior user experience

and DHI evaluation research. How to create technologies that

motivate engagement has been identified as a critical topic for

DHI developers with the potential to influence how DHIs are

used (33). Appropriation refers to the processes by which newly

acquired technologies become integrated into the everyday lives

of their users (34), sometimes becoming a normal feature of

those lives (35, 36), and hence effectively becoming “invisible”

(37). A better understanding of how interventions are
frontiersin.org
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FIGURE 3

Characteristics of the narrative that can be used to filter for narratives.
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appropriated can identify significant impacts and uncover

unanticipated mechanisms underpinning success (38), providing

developers with knowledge to guide iterative development work

(39). Perceptions of DHIs can shape user experiences of those

DHIs, and ultimately might influence their effectiveness (27).
2 Materials and methods

This paper reports an analysis of interviews collected during

the process evaluation for the NEON Trial and NEON-O Trial.

Ethical approval was granted in advance by Leicester Central

Research Ethics Committee (REC reference: 19/EM/0326). Trial

participants provided online consent when registering for the

trials. All participants verbally re-confirmed their consent to take

part in the interview. A description of resources allocated to trial

recruitment work has been reported (31).
2.1 Sample

Shared trial inclusion criteria assessed at baseline were: resident

in England; aged 18 or over at the time of registration; capable of

accessing the Internet either on a personal computer, mobile, or

device; able to understand written and spoken English; capable of

providing informed consent; experience of mental health distress

in the last 6 months, as assessed through three items from the

Threshold Assessment Grid (40). NEON Trial participants had
Frontiers in Digital Health 05107
experience of psychosis in the last 5 years, and NEON-O Trial

participants had experience of mental health problems other than

psychosis in the last 5 years (both self-identified). Participants

eligible for process evaluation interviews had been randomised to

the intervention group; had provided all needed primary

endpoint measures or were 32 or more days late in providing

those measures (the lateness window was 31 days); and had

provided consent to contact for interview through the informed

consent form. All trial participants were recruited between 9th

March 2020, and 26th March 2021. This coincided with a period

in which the UK government imposed substantial restrictions on

social interaction and physical mobility due to the COVID-19

pandemic, which were sustained throughout much of the trial

follow-up period. Participants providing data late were included

in case there was an association between low usage of the NEON

Intervention and late provision of outcome measures, e.g., so as

not to inadvertently exclude low users, who were seen as an

important group to interview about their trial experiences.

An initial invitation to participate in the process evaluation was

sent by email to an inception cohort of eligible trial participants,

and respondents were interviewed. Work to invite participants

for interview subsequently targeted a purposive sample with

variation on three dimensions selected for their relevance to the

user experience. These were (1) trial allocation; (2) intervention

usage level; (3) mental health service usage (henceforth “service

usage”). The latter was included because significant differences in

baseline clinical and demographic characteristics were found

between service users and non-service users in both trials, and
frontiersin.org
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because service use history might influence how digital

interventions are perceived and used (31).

For Trial allocation, participants recruited were either a part of

the NEON Trial or the NEON-O Trial.

For Intervention usage level, a maximum variation sample

was sought (41). Participants were categorised into disjoint

groups, using logs of unique narratives requested between first

access and the primary endpoint (52 weeks). Groups covered the

entire range of usage:

Group 2.A: 0–1 narrative requests

Group 2.B: 2–9 narrative requests

Group 2.C: 10–30 narrative requests

Group 2.D: 31–79 narrative requests

Group 2.E: 80+ narrative requests

Since users are shown one narrative on gaining access intervention

access, then membership of group 2.A indicates no intervention

usage beyond the initial registration process. Low users were

defined as members of 2.A or 2.B., and high users as members of

2.C, 2.D, or 2.E.

For service usage, a maximum variation sample was sought.

Participants were categorised according to their use of statutory

mental health services, as provided in England. Historical service

use was collected at baseline on a web-based demographic form,

and in-trial service use was collected at the primary endpoint

through an abridged Client Service Receipt Inventory (CSRI).

Forms are in Supplementary Appendix 1. Groups were:

Group 3.A (no mental health service treatment). Included

participants who reported no mental health service usage of any

kind before and during the trial.

Group 3.B (primary care mental health service treatment only).

Included participants who had received treatment from primary

care mental health services before the trial, and who did not

initiate specialist mental health services before or during trial.

Group 3.C (specialist mental health treatment initiated during

trial). Included participants who had no specialist mental health

treatment before the trial but who initiated it during the trial.

Group 3.D (specialist mental health treatment before trial).

Included participants who had received lifetime treatment from

mental health specialist services before the trial.
2.2 Procedure

Semi-structured interviews were conducted with participants

using Microsoft Teams or by telephone. Pilot interviews were

conducted with members of the NEON study Lived Experience

Advisory Panel (n = 5) to assess interview procedures, and

refinements were made, e.g., giving participants the option to

turn off their video if preferred. All interviews were audio-

recorded using an encrypted recording device. Additionally,

Microsoft Teams interviews were recorded using its recording

function. Participants were offered £20 as compensation for their

time and effort.

The topic guide requested participants to reflect on their year-

long experience of using the NEON Intervention. A spreadsheet
Frontiers in Digital Health 06108
with summary information about their NEON Intervention usage

up to the day before the interview was shown to each participant

to aid reflection. During the interview, participants were asked to

reflect on how relevant and inclusive the NEON Collection was.

Participants were asked to describe how they had appropriated

the NEON Intervention and to describe any impacts they felt

had resulted from its use. Researcher prompts were used to

support further questioning, and to aid participants explaining

their responses in places. Regular meetings were held by research

team members to revise the topic guide. A sample of the topic

guide is presented in Supplementary Appendix 2.

Most interview recordings were transcribed by the research

team, working from an initial Microsoft Teams auto-

transcription where available. Some interviews with difficult

intelligibility were transcribed professionally. All transcripts were

pseudonymised and checked for accuracy by researchers before

analysis. Participant names were replaced with fictional names,

and named locations were redacted.
2.3 Analysis

An inductive thematic analysis was conducted using QSR

International NVivo Version 12 Pro. The analyst team consisted

of six members with various disciplinary backgrounds, some with

personal experience of mental health problems. A preliminary

coding framework was established through parallel coding of

three transcripts. YA integrated codes produced by individual

analysts into a coherent framework. The coding framework was

then refined through the analysis of 32 further transcripts by YA,

with qualitative analyst meetings held at critical points in this

process as selected by YA, to discuss the analysis of transcripts,

compare findings, and enrich developing codes and themes. Due

to approaching saturation, the remaining 19 transcripts were

examined for discrepant content only (e.g., content not already

accounted for in existing codes), and the coding framework

refined where this was identified. Nodes with the greatest

relevance for understanding trial behaviours and supporting

future intervention development work were selected and

described. Nodes describing the impact of the NEON

Intervention will be reported elsewhere. Selected descriptive

characteristics of participants who were interviewed were

tabulated. Ethnicity responses were grouped into two disjoint

categories (White British, racialised ethnicity) to avoid risk of

self-identification due to small numbers of participants in most

categories other than White British, following UK Data Service

guidance (42). Gender categories were Female; Male; Other.
3 Results

Fifty-four trial participants were interviewed. Most interviews

were conducted using Microsoft Teams (n = 49), but five

participants chose a telephone interview (n = 5). Interviews lasted

between 45 and 116 min. Participant characteristics are presented

in Table 1.
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TABLE 1 Participant characteristics and group allocation.

Characteristic N
Total Participants N = 54

Gender Female: 30

Male: 21

Other: 3

Age

Mean (SD) 40.4 (12.2)

Median (min, max) 40 (21,72)

Ethnicity White British: 46

Minoritized ethnicity: 8

Trial Allocation
(Dimension 1)

NEON Trial: 34

NEON-O Trial: 20

Intervention Usage level
(Dimension 2)

Low user: 23

2.A (0–1 narratives): 5

2.B (2–9 narratives): 18

High User: 31

2.C (10–30 narratives): 12

2.D (31–79 narratives): 13

2.E (80 + narratives): 6

Health service usage
(Dimension 3)

3.A (No mental health service treatment): 0

3.B (Primary care mental health service treatment only): 2

3.C (Specialist mental health treatment initiated during
trial): 0

3.D (Specialist mental health treatment before trial): 52

Ali et al. 10.3389/fdgth.2024.1297935
Ninety nine trial participants met the criteria for category 3.A

(31), and yet none were successfully recruited for interview, despite

a disproportionately large effort to recruit people into this

important purposive sampling category. We conclude that

participants who had received no mental health service treatment

were harder to engage than participants in other service use

categories. Only two participants initiated specialist mental health

treatment during the trial, and hence category 3.C had low

potential for interview recruitment.
3.1 Objective 1: motivations for trial
participation and NEON intervention usage

3.1.1 Extrinsic motivations
Receiving a payment voucher was a primary motivation for trial

participation for some low users in the NEON Trial. Patrick stated:
Fron
“The reason why I used it was for the rewards you get, the

voucher. I am being honest you know. Because I just need the

voucher to buy things with, yeah. And also because of the

issues I have got as well helps obviously.” (Patrick, NEON,

Low user)
Some low users described having no further interaction with

the NEON web-application once they had claimed their voucher,

including never using the NEON Intervention.

The NEON Intervention was used by some only in

preparation for their process evaluation interview, motivated by

knowledge that they would be questioned about their NEON
tiers in Digital Health 07109
Intervention usage. When reflecting on the spreadsheet

describing her usage, Rose expressed:

“Yeah, I didn’t use it that much, that [increase in use] was

because I knew this interview was coming up.” (Rose, NEON,

Low user)

Usage after the primary endpoint was not accounted for in the

definition of groups used in the purposive sampling strategy, but

was reflected in the usage summary spreadsheet shown to

participants, and hence has not influenced the usage category

participants were placed into.
3.1.2 Intrinsic motivations
High users were typically intrinsically motivated, i.e., they

wanted to use the NEON Intervention for their own sake, with

the intention of reaching their personal goals. We identified three

specific intrinsic motivations described by participants.
3.1.2.1 To explore the potential of an alternative or
additional recovery approach
Some engaged with the NEON Intervention to explore its potential

as an alternative to statutory National Health Service (NHS)

Mental health services in England, which often have long waiting

lists and capacity limitations. Some engaged to explore its

potential as alternative to pharmaceutical treatment, especially for

those with no desire to use medication long-term. For example:

“I had I felt, I felt like I tried everything available to me and I

was sort of waiting on NHS services, which obviously take

forever and I’m kind of willing to try anything at that stage, I

think like most people, I don’t want to have to take

medication for the rest of my life and I’m very keen on non-

pharmaceutical options and this seemed quite interesting.”

(Serena, NEON, High user)

Some participants used the NEON Intervention as an

alternative to mental health services that they had no access to,

despite actively pursuing them:

“Well, basically I can’t get any mental health support in my area

because I am diagnosed with a personality disorder … because I

have got a formal diagnosis, I am refused any help in my area

because … they don’t have anybody qualified to deal with my

complexity of issues. I have tried alternative routes to try and

get help. In [location redacted] I had a very good support

system, and they were very helpful and luckily, I did some

DBT therapy but when I moved to [location redacted] it is a

completely different system, they left me with no support

whatsoever. So that’s what motivated me really to use NEON,

to give me the help I can’t get elsewhere right now.” (Zendaya,

NEON, High user)

This alternative status meant that NEON Intervention usage

could be influenced by changing patterns of health service
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availability. For example, usage could be lower if alternative

support became available, and greater as it became less available:

“The only thing with NEON is when I have got my care co-

ordinator, I have got my therapist, I have got my employment

support and I’ve got all my other things that I get from the

EIS (Early Intervention Service), I used NEON less then

because I’ve got so much support from them but I probably

will use it more when I don’t have any of their services in

December and I’ll use it again next year because I won’t have

any support then.” (Hattie, NEON, High user)

Some participants described a motivation to explore the NEON

Intervention as an addition to a pre-existing set of mental health

strategies:

“I wanted to see if this tool would add anything different to what

I already do for my mental health, but I’ve already got a good

routine going, so maybe this tool would’ve been more years

ago, right at the start of it all.” (Dorian, NEON-O, High user)

3.1.2.2 To search for answers about mental health
The NEON Intervention was described as a “safe place” by some

participants who stated that they felt it was a secure platform to

search for answers regarding their mental health experiences.

This sense of security enabled participants to safely meet their

other intrinsic motivations such as interest in recovery narratives

and learning different forms of recovery. Users also appreciated

that NEON Intervention narrators were open about their

struggles and the reality of mental health.

“Obviously I have a history of mental illness so it was always a

case of anything I can do to help and yes it was a really

interesting, especially reading stories, other people’s recovery

stories and yes in a way as well I wasn’t expecting it to make

that much of a difference but when it did oh there’s other

people like me and I was really interested to read and learn

from that point of view and NEON was a safe place to do

that as well.” (Paul, NEON-O, High user)

3.1.2.3 Due to working as a mental health professional
An unanticipated finding was that some trial participants were

professionals who worked in the field of mental health (including

healthcare workers and researchers), whose primary stated

motivation to register for the NEON trials and access recovery

narratives was to gain knowledge that aided their work around

mental health conditions, rather than for the personal mental

health benefits of narrative access. Erin described how her

experiences with the NEON Intervention influenced her working

practices as a peer support worker:

“… I did do a searching using psychosis and then found

appropriate stories just to kind of support the work that I was
Frontiers in Digital Health 08110
doing, yes, I did use it for that and it did work in that respect

quite well.” (Erin, NEON, High user)

[The NEON Intervention does not allow keyword searches and

hence in this example we infer that Erin was inspired by NEON

Intervention usage to search for published recovery narratives].

Florence described looking for insights arising due to narratives

being under the control of narrators:

“So, I come under the job titles like service user researcher, so

everyone in our team has their own personal experience and

mental health problems, I listen to, and I talked to people who

have mental health problems in my work all the time. And,

you know, that’s more kind of conversation. So, I thought this

would be a really good opportunity to see all the other ways

that people kind of…because there’s a difference between, you

know, having a conversation, and then someone writing

something that sort of might be anonymous. You know, the

people that are kind of, I suppose it’s, maybe they’ve written

them in a bit more of a safe way. So, people could maybe be

more honest, was what I was anticipating or maybe hoping

for some good insight or for them to be helpful.” (Florence,

NEON-O, High user)

Whilst for these and other participants, motivation to

participate was grounded in their profession, we have verified

through inspection of transcripts that all participants who were

motivated in this way were also legitimate trial participants, in

that they consistently met inclusion criteria, including having

personal experience of mental health problems.
3.2 Objective 2: appropriation of the NEON
intervention

Some participants described how they consciously integrated the

NEON Intervention into their everyday lives, developing their own

approach to working with it which provided benefits for them. For

some high users, NEON Intervention usage was an almost daily

occurrence; this is reflected in usage logs demonstrating that some

users accessed hundreds of unique narratives through the NEON

Intervention. Descriptions of successful appropriation through

thoughtful use were particularly likely to be provided by high

users. The conscious nature of these processes is evident in

emergent participant usage of the term “tool” to describe the

NEON Intervention, usage of which demonstrates that some

participants were actively thinking about the properties of the

NEON Intervention and how these might fit into their lives.

Descriptions of appropriation were present across a broad range of

interviews with both high and low users, e.g.,

“I really believe in therapies other than medication, I mean I

also do take medication, but I believe in talking therapies and

all that sort of thing, so I’d heard about these recovery stories

and I thought it maybe the tool for me and I was really
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poorly at the time, so I really wanted to do it for myself, so that’s

why I took part.” (Trish, NEON, High user)

Participants also described a broad range of outcomes of

NEON Intervention use which were enabled by successful

appropriation. These were mostly congruent with outcomes

identified in the NEON Impact Model (20), a validation of which

will be reported elsewhere. Below, we describe the three forms of

appropriation which were most strongly evident in interviews.

3.2.1 Tool for distraction
The NEON Intervention was appropriated as a source of

distraction by some, for example as a distraction from negative

internal thoughts, through being immersed in the narration of

others.

“Even though I kind of like I throw myself into the world of

stories, and that does distract me, usually from me. I never

use it as a kind of coach, but I think their words do kind of

distract me even on a subconscious level which is brilliant.

And so that source of distraction is important whatever you

do.” (Kieran, NEON-O, High user)

“I feel like mental health services have a role like in my life have

a massive role. But like there’s stuff outside of services that also

impacts on like how you are. So, I was like, reading people’s

stories or looking at artwork that they’ve made which was

helpful for me. So, these stories became something that I could

add to my daily arsenal of like, Oh, if it’s a rubbish day, or

like, if I need distraction …” (Tia, NEON, High user)

Grace indicated that for her, the happier narratives were the

ones accessed more for distraction:

“There’s sometimes when you can get really, really to a point

when you’re at your lowest. When I’m there I just keep myself

in that low mindset, which obviously, it could be quite

counterproductive. It’s just, it’s trying to crack into that. And

get yourself to do something. The stories helped distract me,

but I need to say that it was more of the happy ones. I think I

used it a lot for happy distractions.” (Grace, NEON, High user)

3.2.2 Tool for emotional boost
Some participants reported turning to the NEON Intervention

when they needed to boost their mood.

“These stories were a kind of quick pick me up almost that I

could use daily.” (Tia, NEON, High user)

“So, I kind of thought okay this is what obviously maybe give me

a bit of inspiration to uplift me when I needed it. You know if

people have recovered and have gone to extra learning and be

able to do full time jobs and it was just kind of give me a

little glimmer of hope that there’s something beyond this point

and when you’re at your lowest point, you need something to
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bring you out of that, give you hope and you think you’re not

alone. I’d go on NEON when I needed that uplift.” (Hattie,

NEON, High user)

3.2.3 Tool for sustaining the perception of a
support network

Some participants described perceiving NEON Collection

narratives as a support network that enabled an indirect sense of

connection with others, and which made them feel a part of a

supportive community, despite having no direct contact with

NEON Intervention narrators:

“It’s a bit like a bit of inspiration and a bit of anonymous support

in a round-about way, you can’t help but be inspired, I mean

there’s some stories on there you think how did they get out of

it or how do you get that low down in recovery (…) it’s a

support network. As I say, it doesn’t matter which story you’re

reading, even the ones that I couldn’t relate to, they’ve all been

inspiring as a support network.” (Matty, NEON, High user)

This was congruent with the outcome of “connectedness”

described in the NEON impact model, and elucidated in other

work (23), and was a particularly helpful form of impact for

individuals that felt isolated from friends and family.

In common with other participants, and as well as using NEON

as a tool for emotional boost, Matty described turning to the NEON

Intervention due to his perception of it as a support network, and

due to help that came from enhancing this perception:

“… it gets to the point that it book marked on my phone, the

website, then you start thinking I’ll just go back and read a

story here, see how someone else dealt with it and it ends up

a sort of staple and you start using it as a resource for

recovery, so when I’ve been getting more and more down I’ve

found myself instead of listening to a podcast go back and just

reading through some NEON stories, there were various other

resources I used as well but as my mood has gone down I’ve

used NEON more as a resource to get myself back up again

and as a little support network, even though you don’t know

the people who’ve written the stories, a little support network

and you can relate to it. NEON has grown into this fabulous

resource, I mean my own personal circumstances have

changed this year regarding my mental health but it’s nice to

have a new resource, almost like a peer support, although you

don’t know who these people are it’s like peer support, it’s just

been a fantastic tool to have and I feel I’ve just been lucky

that I’ve stumbled across NEON at the same time as I needed

them” (Matty, NEON, High user)

3.3 Objective 3: perceptions of the NEON
collection

Participants discussed their perceptions of the NEON

Collection in substantial detail. We identified the following
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TABLE 2 Characteristics of narratives considered ideal by study
participants.

Narratives with the
potential for impact

Narratives with the potential to shift the participant’s
understanding of their mental health experiences

Helpful narratives [nb. Participants frequently
indicated that they wanted to find narratives with the
potential to help them, without being specific about
what this mean]

Narrative form Narratives that avoid formulaic structures

Positive narratives

Hopeful narrative

Reflective narratives

Brave narratives

Authentic narratives

Narrative content Narratives about isolation

Physical health narratives

Religious narratives

Music-based narratives

Up to date narratives

Narratives describing a broad range of mental health
diagnoses

Advice-based narratives

Experience-focused narratives [that avoided giving
advice]
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findings as being of particular salience to DHIs integrating

narrative collections.

3.3.1 Disengagement after early contact
The first few narrative(s) that participants were recommended

or selected themselves influenced their engagement with the

NEON Intervention for some. Some low users stopped using the

NEON Intervention when the initial narratives they encountered

were perceived as not relevant:

“I didn’t read more than three, maybe four. To be honest they

just weren’t relevant to me, kind of a waste. I just stopped

using it after that. There was no point, do you know what I

mean?” (Yara, NEON-O, Low user)

Not finding the right content could lead to a negative

evaluation of the NEON Collection as a whole (even if that

content was available, but the participant had not succeeded in

locating it):

“It’s kind of only really reflecting on it now, that I realised that

that might have been why I didn’t really use it much. Because I

didn’t find the content that I needed to begin with, which maybe

made me feel like it wasn’t helpful.” (Alice, NEON, Low user)

These experiences were not useful; some high users described

persisting with the NEON Collection, even if they did not

immediately find helpful narratives.

3.3.2 The desired narrative
Many participants felt they could articulate characteristics of

recovery narratives that might most benefit them, and desired to

find narratives with these characteristics in the NEON Collection.

They frequently felt more engaged with the NEON Intervention

if they found narratives that matched their ideal, and less

engaged if they failed or found it difficult to find such a

narrative. Hence being able to find a narrative with their desired

characteristics influenced NEON Intervention engagement for

those participants who felt they could articulate those

characteristics. In Table 2, we synthesise the characteristics of

desired narratives described by participants.

Some forms of desired narrative content presented in Table 2

were identified from transcript fragments where participants

described content that they perceived as missing from the NEON

Collection, but would ideally like to have found. For example, the

NEON trials were open during a period that roughly coincided

with the COVID-19 pandemic, and some participants desired to

find narratives describing recovery from mental health

experiences relating to events occurring in the pandemic, or due

to the sustained period of isolation encountered during the

pandemic (which were not present in the NEON Collection).

Some participants desired narratives describing recovery

experiences from a broader range of mental health diagnoses

than were explicitly available—many NEON Collection narratives

do not explicitly use diagnostic labels when describing mental

health experiences, and hence participants looking for narratives
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discussing less-common diagnoses may not have found them.

Most generally, we can conclude that there is no narrative that

would be perceived as ideal for all participants, as e.g., advice-

based narratives and experience-focused narratives were coded as

mutually exclusive categories due to how they were described.

3.3.3 Characteristics of narratives perceived as
authentic

The perceived authenticity of narrator and narrative was

reported by some as a central factor on which they decided

whether to continue interacting with a narrative.

“But as long as it’s authentic, the worst thing would be to force

all the stories into saying that narrative of hope. It would then

start to feel contrived and not real. So, like I say, although

maybe a little bit disappointing at the time the video story

didn’t really take me anywhere, it still felt it gave me trust,

that these were genuine stories, and not sort of fake stories

told for a purpose, which I wouldn’t enjoy at all.” (Rob,

NEON, Low user)

For some users, an anonymous narrator aided perceptions of

authenticity, since being anonymous in a narrative could be

perceived as a human response to mental health stigma or

perhaps a mechanism enabling honesty that may not otherwise

have been possible:

“I really liked the stories where the author had no name, you

didn’t know who they are, they were just that bit more

believable.” (Angela, NEON, High user)

We examined all discussions of authenticity in transcripts, and

identified characteristics of narratives that were more likely to lead

to perceptions of authenticity. These were:
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• Acknowledgement of difficulty: the narrator acknowledges the

difficult reality of mental health experiences

• Realism: The narrative appears to describe real world

experiences

• Shared experience: The mental health experiences of the

narrator are similar to those of the participant [enabling the

participant to relate to those experiences]

The final point suggests that perceptions of authenticity (or not)

can arise as an interplay between characteristics of the narrative

and of the recipient, and hence that perceived authenticity is not

simply a feature of a narrative alone.
3.3.4 Scale and diversity of the NEON collection
For most participants, the substantial scale and diversity of

narratives in the NEON Collection supported people to remain

interested and engaged in using the NEON Intervention.

“I found it very interesting, I found that the stories were very,

some of them they were powerful and coming from a lot of

insight of the lived experience and very so it was quite a big

variety of some experiences, so it’s just very, very every sort of

diagnosis and so yes I found it very well done, kept me

interested, and it was very well think of and very easy to

follow and yes and powerful as well yes.” (Katlyn, NEON,

High user)

Some participants who were high users greatly appreciated the

large scale of the NEON Collection. For example, always being able

to access new narratives kept a high user [178 narratives accessed]

engaged despite experiencing ADHD:

“… I had a really late diagnosis of ADHD which explained a lot

of things and now it’s about really making the most of what I’m

good at rather than kicking myself because I can’t do Excel

spreadsheets because it’s not that I don’t try hard enough, I

just don’t quite have the skills or the neuron connections to do

it like other people. So yes, NEON’s good, I love the fact that

despite all efforts I haven’t been sent a story twice, that’s

pretty cool and kept me intrigued to read and explore more.”

(Stefanie, NEON, High user)

High users also reported that they appreciated there being

sufficient narratives they could access in the NEON Intervention

regularly.

The scale of the NEON Collection was found to be

overwhelming for some due to the magnitude of narratives

available, and this affected engagement:

“There were so many stories that I sometimes switched off.”

(Angela, NEON, High user)

Erin found that NEON Collection use led her to access

narratives outside of the NEON Intervention, and that the scale

of what was available outside of the NEON Intervention could

be overwhelming.
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“I think there’s other stories on there that might have a similar

impact on me that I’ve not found yet, not discovered that

collection of stories so it’s kind of good that I would still have

ongoing access so that I can find out a little bit more about

things that I might have missed but also I suppose I can see

why it’s overwhelming because I’ve set up the thing where I

carry on researching even more and look into other stuff so I

suppose it kind of opens up even more avenues but those are

ones that I’ve chosen to go down myself, rather than it all

being on NEON.” (Erin, NEON, High user)

Finally, having a variety of narrative formats was perceived as

unanimously beneficial, for example as a mechanism for

accommodating opposing preferences by different participants.

“Just to know that there’s a story here for you, it’s kind of a thing

where there is a good variety of stories. I think format is

important for people. You know, I don’t like listening to

audiobooks, whereas people I know absolutely love it. And

that’s how they get their books. We’ve got images, videos, so,

it’s sort of a case of what you want.” (Rob, NEON, Low user)

4 Discussion

4.1 Principle findings

Our findings have demonstrated that the NEON Intervention

was successfully appropriated by some participants, and suggest

that appropriation is a factor in high use. Some engagement (or

the lack of it) was explained by participants’ perceptions of the

NEON Collection that underpins the NEON Intervention.

Engagement was typically enhanced when people found

narratives that they perceived as authentic, or narratives with

characteristics that matched those that they desired to find. For

some participants, failing to find relevant narratives early on

contributed to low engagement, and could contribute to a

perception that the NEON Collection as a whole lacked relevance

for them, even though this might not have been correct. The

diversity of narrative formats contained in the NEON Collection

was universally perceived as positive, and the large scale and

diversity of content was perceived as positive by most. A

minority of participants found the scale of the NEON Collection

overwhelming, which contributed to disengagement for some.

Engaging with narratives in the NEON Intervention could lead

to participants searching for recovery narratives outside of the

NEON Intervention, but in turn the scale of what is publicly

available could feel overwhelming. Some participants found that

accessing the NEON Collection provided a perception of having

a distributed social support network despite there being no

mechanism to directly engage with narrators or other users.

Narrative collections such as the NEON Collection may be a

mechanism for creating a beneficial perception of common

humanity, ie. a recognition that struggle is a common human

experience across all societies (43).
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4.2 Relationship to prior work

Some trial participants perceived anonymous narratives as

being authentic, due to a belief that a narrator would choose to

be anonymous because of anticipated stigma about mental

health problems. However, our own work suggests that

anonymity can be enforced on narrators by curators of narrative

collections who fear narrator harm through narrator

identifiability (2). Since The NEON Collection integrates

narratives from more than thirty existing collections with

varying curatorial processes, then it is possible that this

anonymity, and hence these perceptions of authenticity, were

due to curator rather than narrator choice.

In parallel, Winstone et al. have examined how people who

self-harm evaluate lived experience narratives. They found that

perceiving a narrative as authentic can contribute to help-

seeking by a recipient, and that narrative authenticity can be

promoted by factors such as presenting realistic representations

of recovery as a non-linear process (include setbacks or

relapses), and honesty about self-harm as a coping mechanism.

They recognise that presenting more “extreme” accounts of

crisis might contribute to perceptions of authenticity whilst

raising a danger of triggering self-harm in participants (44).

This is in keeping with our own systematic review on the

impact on recipients of recovery narratives, which identified

that access to recovery narratives describing eating disorder

experiences might encourage disordered eating in susceptible

participants (22). Collectively, these insights point to narrative

authenticity as both an opportunity and a responsibility

challenge for narrative intervention developers, who may wish

to minimise potential harms, while maximising both narrative

impact and user safety.

Work to understand perceptions of authenticity may be

informed by a wider body of related work on the credibility of

health information (45) which demonstrates that sources

perceived as having higher credibility are also perceived as more

useful to individuals (45). The collation of narratives for

narrative interventions may be supported by artefacts such as

production guides, which can accumulate knowledge on what

makes a narrative feel authentic. A video recovery narrative

production guide has been co-produced and published by the

KLIFAD study, which has examined the impact of alcohol

misuse recovery narratives on people misusing alcohol. The

KLIFAD production guide contains content enabling

videographers to support participants in expressing narratives

likely to be perceived as authentic, derived from an existing

theory base (46). This guide was used to produce a collection of

video recovery narratives for use in a feasibility trial (47). Since

narrative diversity was mostly perceived as beneficial, then

people curating collections may benefit from guidance on how to

assess and plan for diversity. Kotera et al. have proposed

diversity and inclusivity metrics for recovery narratives. These

are broadly applicable beyond mental health (48), and are also

well-aligned with responsible innovation practices (49) which are

emerging as critically-important issues in healthcare research and

development.
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4.3 Strengths and limitations

Strengths include the use of a purposive sampling strategy that

enabled access to a broad range of NEON Intervention experiences,

from those that involved regular use, to those that involved no use.

Whilst we sought for variation on service use history, we were

limited by being unable to recruit participants who had never

used any form of statutory mental health service, who were hard

to engage. Future studies may consider new tactics to reach

people in this category, such as enhanced payments, or

prospective invitations to interview at the point of trial

registration. Whilst we made a deliberate choice to only interview

participants after the primary endpoint, so as not to influence

quantitative outcome assessment, our interviews were reliant on

participant memory. Our findings may have been influenced by

the impact of the COVID-19 pandemic, including government-

imposed restrictions on socialisation and mobility, which

coincided with much of the trial recruitment and follow-up period.
4.4 Recommendations

Drawing on our findings and discussion, we propose the

following recommendations to promote responsible innovation

practices aimed at intervention developers and implementers.

(1) DHIs using digital media collections should make the scale,

diversity, and inclusivity of collections clearly visible to users

at first contact and beyond, and should provide access

mechanisms that avoid users feeling overwhelmed.

If users can be rapidly deterred by perceiving a digital media

collection as limited, then attempts to communicate the scale,

diversity, and inclusivity of a media collection may enhance

engagement. To support users at risk of feeling overwhelmed,

more limited views of a collection should be provided. One tactic

would be to provide smaller sub-collections of digital media

items, for example a recommended set of ten narratives

describing recovery after depression.

(2) Intervention developers should provide delivery mechanisms

that afford appropriation

For example, since we found that some users accessed narratives on

an almost daily basis, then a digital service providing a

recommendation per day might afford appropriation by people

who find benefits in that particular pattern of use.

(3) Curators of narrative collections should enable their

contributors to produce authentic narratives.

This may involve creating resources such as production guides

setting a clear expectation that authentic narratives are

acceptable, and that narrators do not need to hide their

experiences (whilst setting boundaries on experience

representations that may cause harm to others, such as graphic

descriptions of self-harm).

(4) Intervention developers should enable learning by legitimate

users who are also healthcare professionals
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This may provide an alternative route to impact from the

intervention, for example by healthcare professionals using

knowledge gained from recovery narratives to improve their own

practice, or enabling healthcare professionals to recommend

narratives from a collection to their clients.

(5) Web-based delivery of recovery narratives might be used to

tackle loneliness across different health conditions due to

their capacity to create a perception of having a social network

Implementation work might target who could benefit from feeling

socially connected, which in turn may improve mental health (50–52).
5 Conclusions

Through our process evaluation of the NEON Trial and NEON-

O Trial, we have developed knowledge on motivations for trial

registration and NEON Intervention usage, forms of appropriation,

and perceptions of our collection of mental health recovery

narratives, and used to our findings to identify specific

recommendations for developers of interventions making use of

digital narratives. In considering how our intervention was

appropriated, we have described three specific reasons for

appropriation that were presented by our participants. Given that

most use of digital healthcare technologies will need to take place

as part of normal daily routines, and will have to sit well with

those routines, then we propose that a research focus on

understanding appropriation is important (though of course

technologies can still be appropriated by people who have been

separated from daily routines, such as people who have been

hospitalised). In keeping with its study outside of healthcare, the

study of appropriative processes for digital healthcare technologies

may require socially oriented methods such as ethnomethodology,

to provide direct observation of appropriative processes at work.
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Introduction: Sleep hygiene education (SHE) consists of environmental and
behavioral practices primarily intended to reduce sleep problems. Currently
considered ineffective as a stand-alone treatment, the manner in which the
education is typically delivered may be ineffective for the acquisition of new
knowledge. The purpose of this study was to determine if a more engaging
teaching medium may improve the efficacy of sleep hygiene education. This
study examined the use of game-based learning to teach SHE to individuals
with sleep problems.
Methods: 35 participants played the SHE games for 30 days. Differences in pre-
and post-state anxiety and sleep quality measures were examined.
Results: Participants had significant improvements in sleep quality and state
anxiety after using the app for 30 days, although scores for the majority of
patients remained elevated.
Discussion: This pilot investigation provides initial evidence for the efficacy of a
game-based approach to SHE.

KEYWORDS

sleep hygiene, game-based learning, serious games, games for health, sleep hygiene

education (SHE)

Introduction

Quality sleep is imperative for health and overall quality of life. In fact, dimensions of

sleep quality have been linked to numerous poor health outcomes such as coronary heart

disease and hyptertension in numerous cross-sectional (1, 3) and cohort (4) studies. These

studies generally demonstrate a moderate effect of sleep quality on health outcomes.

Cross-sectional (5) and experimental (6) studies have also demonstrated relationships

between sleep problems and increased levels of anxiety. More specifically, one study (7)

found that individuals reported significanly lower sleep quality on days when they

experienced higher levels of stress. Similarly, another study (8) found that stressful life

events had a direct effect on sleep quality. These findings are not surprising given that

poor sleep quality leads to a physiological neuroendocrine stress response in which

sympathetic tone and cortisol levels are increased (9). Finally, research has shown that

reduced sleep quality can bave impacts beyond physical and mental health. Indeed, a

cross-sectional study indicated that poor sleep leads to occupational impairments, such

as reduced productivity and efficiency (10).

Two primary indicators of good sleep quality are (1) a sleep latency of ≤15 min and

(2) sleeping through the night (or only having few awakenings of ≤5 min) (11). However,

a recent National Health Interview (12) found that over a 30 day period, 14.5% of adults in
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the United States had difficulty falling asleep and 17.8% of adults

staying asleep. These problems were more prevalent depending

on factors such as race, socioeconomic status, urbanization level,

age, and biological sex (12). In particular, the report found that

individuals with lower levels of education and income had more

trouble falling asleep. Additionally, non-hispanic white adults

had more trouble staying asleep compared to non-hispanic black,

Hispanic, and non-hispanic Asian adults. Furthemore, those in

more rural areas had more trouble falling and staying asleep.

Given this host of negative outcomes, a significant percentage of

the population could benefit from evidence-based interventions

to improve sleep.

Primary care providers (PCP) are often the first point of contact

for individuals presenting with difficulties falling or staying asleep

(13). A retrospective chart review of the patients who discussed

sleep problems with their PCP found that 51.5% of the sample

were offered a sleep medication. Intensive Cognitive Behavior

Therapy was recommended to 5% of the patients, whereas sleep

hygiene education (SHE) was provided to 31.5% of the patients

(14). Sleep hygiene consists of recommendations that optimize

sleep (15, 16), and a review (13) included caffeine intake, tobacco

use, alcohol intake, napping, wake/sleep time, and exercise as the

most covered topics. These recommendations are typically

delivered verbally or printed on a handout (17). One survey (18)

revealed that although 97% of general practitioners utilized SHE as

a management tool for their patients, they often perceived SHE

alone to be ineffective. Prior to concluding that SHE alone is

ineffective, examining whether an alternative delivery method that

would optimize acquisition and implementation of appropriate

sleep behaviors merits consideration.
Delivering sleep hygiene education via
gaming

SHE requires the acquisition and practice of certain behaviors,

but typically is delivered in a single meeting with a practitioner.

Such formats may not encourage engagement or provide

opportunities to review and practice the behaviors. An alternative

format is game-based learning, where learners interact with

challenging interactive activities with a clear set of goals,

constraints, and rules (19). Game-based learning formats offer

more engaging learning mediums, and opportunities to practice

newly acquired skills within a realistic context. Additionally,

gaming environments afford the learner more control and feedback

over traditional digital training, which, in turn, can increase

motivation (19, 21). Finally, the “play” factor of games may

increase motivation to learn (22–24), enhance educational

achievement in comparison to a traditional learning environment

(25, 26). As such, play can engage individuals in the process of

learning, and thereby lead to better outcomes. Given its numerous

advantages, it is not surprising that game-based learning has been

on the rise over the last several decades. Games are used for

learning in several industries, including mental health (27),

healthcare (28), and training (29). In particular, serious game

interventions have been shown to improve sleep quality in
Frontiers in Digital Health 02119
children. A study by Wilson, Miller, Bonuck, Lumeng, and

Chervin (2014) (30) the “Sweet Dreamzzz Early Childhood Sleep

Education ProgramTM” “Dreamzzz Early Childhood Sleep

Education ProgramTM”. One component of this program utilized

game-based learning to promote sleep hygiene. Although the study

did not parse out the efficacy of each individual component, the

intervention led to improvements in sleep duration. Another study

by Almondes and Leonardo (2019) (31) evaluated the effects of a

serious game called “Perfect Bedroom: learn to sleep well” in

children. The study found small but positive changes in the sleep

routines of those in the experimental group. In perhaps the only

study that addressed clinical insomnia, adults who engaged in

cognitive training games (e.g., Sudoku) over 15-days had improved

cognitive performance, mood, and changes in sleep quality (32).

These data suggest that games are efficacious in promoting

knowledge and skill acquisition, providing support for the testing

of this format to teach SHE.

In summary, sleep problems are common in the general

population and most people initially seek help from their PCP.

Pharmacological agents are most commonly offered but the most

common non-pharmacological intervention is SHE (14), which is

considered only minimally effective, with effect sizes no larger than

those found for psychological placebo (33). Although superior

psychological treatments for sleep problems (e.g., CBT-I) exist, it is

probable that many individuals never get referred, or are unable to

pay, for this type of specialized treatment (14). Thus, many

patients may be limited to receiving SHE as typically delivered in

one office encounter with no follow-up. This manner of delivery is

inconsistent with how acquisition of new knowledge and skills are

acquired and maintained. One question is therefore whether

delivery of SHE in a different format, such as game-based learning,

may improve learning and thereby, its efficacy at relieving sleep

difficulties. As such, this pilot study examines the use of a game-

based sleep hygiene application in improving sleep quality.
Hypotheses

1. Sleep problems as assessed by scores on the Pittsburgh Sleep

Quality Index (PSQI) will decrease (indicating better quality

sleep) from pre-assessment to post-assessment.

2. Self-reported state anxiety as assessed by the State-Trait

Anxiety-State (STAI-S) scores will decrease (indicating lower

levels of state anxiety from pre-assessment to post-assessment).

Methods

Inclusion and exclusion criteria

Participants were at least 18 years old and reported trouble

sleeping as assessed by scores ≥5 on the Pittsburgh Sleep Quality

Index (PSQI) (34) at pre-assessment. Scores of ≥5 on the PSQI

have been previously validated as indicative of poor sleep and is

a commonly used cutoff score (34–36). Participants were

included regardless of whether they were taking sleep medications.
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TABLE 2 Sleep hygiene concepts taught in restful journey.

Napping for 30 min or less (or not at all).

Getting at least 30 min of physical activity.

Keeping the bedroom temperature between 63 and 66 degrees.

Waking up at the same time as the previous day.

Going to bed at the same time as the previous day.

Engaging in an appropriate activity before bedtime (e.g., journaling, yoga, reading,
sex).

Having last caffeine intake 4–6 h before bed (or not at all).

Having last alcohol intake at least 4–6 h before bed (or not at all).

Having last meal or snack at least 3 h before bed.

Seaver et al. 10.3389/fdgth.2024.1334840
Recruitment

This study was approved by the University of Central Florida’s

Institutional Review Board (IRB). Flyers were posted on

community boards throughout Orange County, Florida. A link to

the digital version of this flyer was included in a weekly email

sent to the University of Central Florida community. Interested

individuals contacted the researcher to receive an informed

consent document. The signed consent was returned prior to

beginning the study.

Falling asleep within 20 min.

If not falling asleep within 20 min, doing an appropriate activity.

If getting up due to not falling asleep- waiting until tired to go back to bed.

Keeping the lights dim or off prior to going to bed.

Only engaging in sleep and/or sex in bed.

Getting 7–9 h of sleep.
Demographics

Of the 35 participants, 5 declined to answer the demographic

questionnaire. Demographics of the remaining 30 participants

can be found in Table 1.
Materials and procedure

Intervention description

Restful Journey is a mobile application designed to teach SHE and

apply that knowledge in several play scenarios. Developed by the

University of Central Florida (UCF) and Intelligent Automation, a

Blue Halo Company, Restful Journey contains a series of mini-

games that teach and reinforce good sleep hygiene by rewarding

users for achieving sleep goals. The sleep hygiene concepts covered

throughout the game were based on the American Academy of

Sleep Medicine’s (AASM) guidance (37). See Table 2 for a list of

sleep hygiene behaviors taught in Restful Journey.

Restful Journey encompasses a sailing exploration theme.

Players begin by learning sleep hygiene in preparation for their

“journey”. Over time as they progress throughout the game (i.e.,

achieve sleep hygiene goals) they are able to explore different

islands and obtaining jewels from each.

“Healthy Habits” is the first mini-game. This is a quiz-based

game comprised of three levels. Players learn SHE through

playing the game and receiving feedback regarding their

responses. Players must accurately answer 90% of questions to

proceed to the next level. Each level increases in difficulty by

decreasing the time allotted to answer the questions. In keeping

with the theme of Restful Journey, the overarching goal of this
TABLE 1 Participant demographics.

Age 35.31 (SD = 16.25)
Female 63.4%

Male 36.6%

White/Caucasian 60%

Black 25%

Asian 5%

Pacific Islander 0%

Other 10%
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game is to teach the “sailor” (i.e., the user) on how to stay well-

rested in preparation of their journey.

“Sleep Scrutiny” is the second mini-game in which players

progress to “Sleep Captain”. Players must inspect their

crewmate’s quarters and identify objects that are conducive or

detrimental to sleep. Again, there are three levels and rooms

must be inspected with 100% accuracy to move forward. The

time given to identify objects and answer questions decreases

with each level. In keeping with the story of Restful Journey,

players must help their crewmates stay well-rested to ensure that

the crew is ready to set sail.

Participants were asked to dedicate 10–15 min per day to

playing these first two games (i.e., “Healthy Habits” and “Sleep

Scrutiny”), with the goal of completing them with a 90% correct

score by the end of the first week of the study.

The final game, “Vigilant Voyage” translates game-based

learning into real-life. Each day, players open the game and

indicate which sleep hygiene behaviors they used the previous

day. Coins are awarded for each behavior. Once the check-in is

completed, the game generates a random sleep goal. If the player

achieved that goal, they received bonus coins. Once enough coins

are earned, the player can explore various islands and obtain

jewels. Players must cash-in their coins to explore an island,

requiring them to continue earning coins each day by meeting

sleep hygiene goals to continue exploring other islands. Players

“win” the game by collecting all of the jewels.

The game is structured to encourage all participants to meet

the same sleep hygiene goals. Additionally, the game-based

learning aspect provides motivation to work on any unmet goals.

See Figures 1–4 for visual depictions of Restful Journey.
Assessment measures

Assessment measures were completed at pre and

posttreatment. The assessment included:

• The Pittsburgh Sleep Quality Index (PSQI) (34) is a self-report

measure of sleep quality. The PSQI distinguishes “good” and

“poor” sleepers. This assessment measures seven dimensions of
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FIGURE 1

Healthy Habits. A Quiz-based game to teach players sleep hygiene principles.

FIGURE 2

Sleep Scrutiny. Players prepare virtual bedroom for sleep.

FIGURE 3

Vigilant Voyage. Players progress along the map as they earn points for meeting sleep goals.
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FIGURE 4

Players log in daily to claim which sleep goals they met the previous day.
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sleep quality: (1) subjective sleep quality, (2) sleep latency, (3)

sleep duration, (4) sleep efficiency, (5) sleep disturbance, (6) use

of sleeping medication, and (7) daytime dysfunction. These

components can be looked at individually or added together to

achieve a “global score of sleep quality.” Global PSQI score

above a “5” indicates “poor sleep quality.” It should be noted

that a score above a “5” does not necessarily indicate a

particular clinical sleep disorder. This assessment was chosen to

measure sleep quality due to its robust psychometric properties

(38–40). The PSQI is the most frequently used generic measure

of sleep quality among clinicians and researchers (40). As such,

many studies have used the PSQI to measure improvements in

sleep quality following an intervention (41–44).

• The State-Trait Anxiety Inventory (STAI-S) (45) is a widely

used measure of state anxiety (i.e., current feelings of anxiety).

Participants indicate the extent of their agreement with several

items on a 4-point scale. The scale is internally consistent

(α = .90). Higher means of the sum of scores indicate higher

degrees of anxiety. THE STAI has been used to evaluate the

treatment of medical and anxiety disorders in thousands of

studies (46) and is considered to be an adequate measure of

anxiety in research and clinical settings.

After completing the screening and pre-assessment, participants

received instructions to download Restful Journey on their

smartphone. It was downloadable on Android or iPhone devices.

Participants were emailed a daily check-in questionnaire each

day, which tracked the sleep hygiene goals achieved the previous

night, which game(s) they played, and the time spent playing the

game. The purpose of the daily check-in was twofold; (1) assess

which sleep hygiene behaviors changed over the course of the

study and (2) to ensure that participants were interacting with

the game daily throughout the study duration. All participants

completed at least 90% of the daily check-ins. Upon completion

of the post-assessment (which was identical to the pre-

assessment) participants received a digital $25 Amazon gift card.
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Power analysis

An a priori power analysis was conducted using G*Power

version 3.1 (47) for sample size estimation. The primary

outcome measure was the PSQI (36). According to the power

analysis, which was conducted for a paired samples t-test using

an effect size of .5, and a significance criterion of α = .05, the

sample size needed to achieve a power of .85 is 31. An effect

size of .5 was chosen as it is generally considered to be a

moderate effect size (48) and is therefore sufficient to

demonstrate practical significance of the results. Thus, the

obtained sample size of n = 35 is more than adequate to test the

study hypotheses.
Results

App usage

Based on the Daily Check-In data, participants self-reported

spending an average of 9.16 min per day (SD = 7.32) playing

Restful Journey. The average number of days played was 28.4. All

participants reported that they completed all mini-games and the

game in its entirety.
Sleep quality and state anxiety

All data analyses were conducted using paired sample t-tests.

Due to a substantial number of tests (n = 9), we applied a false

discovery rate correction to calculate adjusted p value thresholds

for each test (see Table 3). The pre and post-scores for each of

the dependent variables are displayed in Table 3. The results

indicated that Restful Journey resulted in statistically significant

improvements on several aspects of sleep quality assessed by the

PSQI, including: global sleep quality, subjective sleep quality,
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TABLE 3 Assessment scores and Benjamin and Hochberg false discovery rate correction.

Test no. (ranked
in order by size
of p value)

Variable Mean pre-test
score

Mean post-test
score

Effect
size (d )

Estimated p
valuea

Corrected
thresholdb

Outcome

1 PSQI- Global score 10.54 (SD = 3.25) 7.03 (SD = 3.34) 1.06 <.001 .005 Significant

2 PSQI- Subjective sleep quality 1.69 (SD = .63) 1.03 (SD = .66) .91 <.001 .011 Significant

3 PSQI- Sleep latency 2.26 (SD = .82) 1.66 (SD = .87) .71 <.001 .016 Significant

4 PSQI- Sleep duration 1.34 (SD = .76) .77 (SD = .73) .94 <.001 .022 Significant

5 PSQI- Daytime dysfunction 1.51 (SD = .78) .91 (SD = .70) .74 <.001 .027 Significant

6 PSQI- Sleep efficiency 1.49 (SD = 1.17) .94 (SD = 1.03) .55 .002 .033 Significant

7 STAI- State anxiety 38.46 (SD = 11.66) 35.14 (SD = 10.83) .39 .026 .038 Significant

8 PSQI- Sleep disturbance 1.46 (SD = .70) 1.20 (SD = .58) .39 .027 .044 Significant

9 PSQI- Medication usage .71 (SD = 1.10) .68 (SD = 1.18) .36 .831 .05 Not significant

aEstimated p value refers to p value produced by each of the individual tests performed.
bCorrected threshold refers to the multiple comparison corrected α level, the metric to which p values are compared.
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sleep latency, slepe duration, daytime dysfunction, sleep efficiency,

and sleep disturbance. The average score on the PSQI at post-

assessment was 7.03. After playing Restful Journey for 30 days,

22.8% of participants had PSQI global scores of <5 at the post-

assessment, meaning that these individuals no longer met the

criteria for being “poor sleepers”. The results also indicated that

Restful Journey resulted in statistically significant improvement of

state anxiety as measured by the STAI.
Discussion

The overarching aim of this paper was to examine the utility of

game-based learning to deliver SHE and examine its impact on

numerous subcomponents of sleep quality, as well as state

anxiety. This pilot investigation provides modest initial evidence

for the use of Restful Journey to improve multiple facets of sleep

quality as defined by the PSQI. In particular, these improvements

were reported on the subcomponents of subjective sleep quality,

sleep latency, and sleep duration. Moreover, participants had a

significant improvement in sleep efficiency, another

subcomponent of the PSQI. There was also a significant

improvement in sleep disturbance. Finally, there was a significant

decrease in daytime dysfunction.

Although participants experienced a statistically significant

improvement in overall sleep quality as well as six of its seven

components, the average score on the PSQI at post-assessment

was above “5”, indicating that participants were still having some

problems with sleep. Additionally. participants did not

significantly decrease their use of sleep medication, as measured

by a subcomponent of the PSQI. The daily check-in data

indicated that the participants were using the app almost every

day, so adherence to playing the game was not an issue. In other

words, the participants played the game daily, thus simply

providing more opportunities for knowledge acquisition does not

explain SHE’s limited efficacy.

When placing these results in context within the larger

literature, there are relatively few studies that have investigated

the efficacy of sleep hygiene interventions in nonclinical samples.

Overall, this small body of work provides some preliminary

support for the use of sleep hygiene education in nonclinical
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populations, but the findings are inconsistent. Sleep hygiene

education did not significantly improve sleep quality in

adolescents (49, 50) or a sample of IT employees (51). On the

other hand, sleep hygiene education was successful in improving

sleep quality in athletes (52, 53), female workers (54), and

women with HIV or AIDS (55). Restful Journey produced effects

more in line with the latter studies demonstrating modest

improvements in sleep quality.

Although outside the scope of the present study, differences in

SHE efficacy among these different populations may suggest an

effect of individual differences (56). In the present study, nearly

one quarter of participants had PSQI global scores of <5 at the

post-assessment, indicating a positive response to playing the

game in these individuals. Although the personal characteristics

that might predict who would positively respond to game-based

learning are not known at this time, this percentage indicates

that a subset of the general population might respond to a game-

based application, a concept sometimes known as “person-

centered care”. In fact, a unique strength of serious games is the

ability to implement machine learning (57), thus allowing the

game to tailor SHE to each individual’s unique needs. Future

work may examine whether individual differences are indeed

predictive of SHE outcomes, and whether tailoring goals and

learning outcomes through the implementation of machine

learning algorithms into game-based SHE interventions may

yield better results. Physicians generally agree that sleep quality

decreases with increased age (58). In fact, an epidemiological

survey of over 9,000 senior individuals found that more than

80% had at least one complaint related to their sleep quality (59).

Thus, future work should also seek to identify whether age may

moderate the relationship between SHE and sleep quality. Finally,

although its efficacy in terms of improving sleep quality appears

to be comparable to traditional SHE approaches, perhaps it boils

down to personal preference; the game format of Restful Journey

may appeal to certain individuals who may not be motivated to

engage with traditional SHE formats. The “play” factor behind

Restful Journey may make it more appealing and therefore

potentially increase the uptake of SHE, even if the outcomes are

ultimately similar to those of traditional SHE.

Finally, state anxiety scores also significantly decreased from

pre to posttreatment after playing Restful Journey. Previous links
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between sleep difficulties and anxiety have established that these

conditions are often comorbid and have a bidirectional predictive

relationship (60). Both problems have mental health implications.

Therefore, it was hypothesized that state anxiety would improve

after playing Restful Journey, which was supported, as

participants had a significant decrease in state anxiety from pre-

to post- assessment. This study is consistent with previous

research that has demonstrated that improved sleep quality can

lessen state anxiety.
Limitations

As a pilot investigation, this study has several limitations. The

most obvious limitation is that it was not a randomized controlled

trial and therefore did not have a control group. Comparing Restful

Journey to the traditional form of SHE and a waitlist control group

would help provide further evidence for the notion of a game-based

SHE format. Another limitation of the present study is that there

was no assessment for underlying sleep disorders among

participants. In the general population, sleep disorders are largely

undiagnosed and the disorder is often complex. There are a

number of reasons for this underdiagnosis; (1) limited training in

the recognition of sleep disorders, (2) an uncertainty of how to

treat sleep disorders, and (3) the patient and/or provider fails to

mention sleep issues (61). It is therefore possible that some study

participants could have more serious sleep disorders, such as

sleep apnea, which may limit the extent to which SHE alone can

improve their sleep quality. Additionally, it is unknown whether

participants may have sought other sleep interventions during

the study. Therefore, we cannot be certain if the effects could be

attributed to other interventions or treatments. Finally, this study

was limited to thirty days of app usage. It is not known (1) if

longer use of the app may have resulted in continued

improvement in sleep or (2) whether the significant

improvements were stable several months later. Future

investigations should address these issues.
Contributions and future directions

Despite these limitations, the present study found initial

evidence for a game-based SHE format. The nature of the game-

based interventions circumvents a number of barriers that

individuals face when seeking relief for sleep problems; including

ease of access, ease of use, minimal financial cost, and extensive

opportunities to learn and practice these skills/behaviors in an

engaging environment. The present study also demonstrated that

state anxiety significantly decreased. Given that trouble sleeping

can exacerbate anxiety (62), this decrease in anxiety is likely due

to the improvement in sleep quality. As nearly one quarter of

participants no longer met the criteria for being “poor sleepers”

after using Restful Journey for 30 days, we propose that Restful

Journey may be a tool for some individuals with non-clinical

sleep problems to improve their sleep quality. Those that do not

experience a significant improvement in sleep should seek more
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intensive treatment. Likewise, the addition of this application to

more intensive clinical treatments may yield optimal results.

Future work may examine if the game may also reduce other

mental health issues by improving overall sleep quality.

Furthermore, future studies may seek to compare Restful Journey

to the traditional method of SHE, which is typically a simple

informational sheet. Finally, future work may examine the use of

Restful Journey in combination with more intensive treatments

(e.g., CBT-I) to improve treatment efficacy. Doing so would also

provide insight as to whether game-based SHE is just as effective

as the present gold-standard approach to alleviating sleep problems.
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Emotions play an important role in human-computer interaction, but there is
limited research on affective and emotional virtual agent design in the area of
teaching simulations for healthcare provision. The purpose of this work is
twofold: firstly, to describe the process for designing affective intelligent agents
that are engaged in automated communications such as person to computer
conversations, and secondly to test a bespoke prototype digital intervention
which implements such agents. The presented study tests two distinct virtual
learning environments, one of which was enhanced with affective virtual patients,
with nine 3rd year nursing students specialising in mental health, during their
professional practice stage. All (100%) of the participants reported that, when
using the enhanced scenario, they experienced a more realistic representation of
carer/patient interaction; better recognition of the patients’ feelings; recognition
and assessment of emotions; a better realisation of how feelings can affect
patients’ emotional state and how they could better empathise with the patients.

KEYWORDS

affective, virtual, reality, VR, nursing, intelligent, teaching, simulation

1 Introduction

Simulation is an educational tool that is becoming increasingly prevalent in nursing

education (1) provides students with realistic clinical situations allowing them to

practice and learn in a safe environment (2). Human patient simulators provide

experiences that are realistic and offer students an opportunity to assess, intervene, and

evaluate patient outcomes (3). Findings from a meta-analysis suggests that simulation

education improved nursing students’ performance in clinical reasoning skills (4).

A considerable amount of literature focuses on the use of digitally-mediated tools in

healthcare. For example, a systematic review of 12 studies investigated the effectiveness

of dementia carer-oriented interventions delivered through the internet and showed

improvements in carer wellbeing (5). The review highlighted that, multicomponent

individually tailored programmes that combine information, caregiving strategies, and

contact with other carers can increase their confidence and self-efficacy, reducing stress
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and depression. The evolution of nursing education teaching

technologies has witnessed a shift towards interactive and

immersive learning experiences. Building upon the observation

by Baysan et al. (6) regarding the prevalent use of videos, recent

studies have explored the integration of virtual reality (VR) and

augmented reality (AR) simulations in nursing education. For

instance, a study by Nakazawa et al. (7) shows that training with

AR is effective in enhancing caregivers’ physical skills and

fostering greater empathy towards their patients. This approach

not only enhances learner engagement but also facilitates active

learning and skill retention.

However, despite the potential benefits of digital health

interventions, addressing the emotional challenges and stressors

faced by participants remains a critical concern. Research has

highlighted the impact of environmental factors and basic emotions

on user experience and outcomes in health teaching simulations

(8, 9). Another study found undergraduate students felt unready,

were anxious about having their mistakes exposed, worried about

damaging teamwork and were afraid of evaluation (10).

According to Rippon (9), anger in healthcare environments is a

very common emotion, leading to aggression and violence, and

healthcare professionals are exposed to it daily with an increasing

number of them suffering from signs of post-traumatic stress

disorder. Although these problems have been identified and the

potential of technologies has been widely recognised, most

Human-Computer Interaction applications tend to overlook these

emotions when responding to user input (11).

Thus, there is an increasing need for computer systems to endow

affective intelligent agents with emotional capabilities and socially

intelligent behaviour, and the aim of having an affective

interaction between virtual and human users and an effect on the

affective state of the user (12–14). This article proposes the design,

implementation, and evaluation of a model for incorporating

emotional enhancements (concentrating on negative emotions

such as stress, fear, and anxiety) into virtual agents applied to

virtual teaching applications for healthcare provision. For this

purpose, we have created the following research objectives:

• RO1—To what extent does a virtual learning scenario

incorporating emotional virtual agents provide a realistic

experience.

• RO2—To what extent does the incorporation of emotions into

virtual agents stimulate a better set of responses from the

human user.

• RO3—To what extent do emotional virtual agents improve the

learning experience.

• RO4—To what extent do emotional virtual agents allow the

learners recognise their emotions and understand how these

affect the virtual agents and, subsequently, allow them to feel

more empathy towards them.

2 Related work underlying the
educational activity

Although it has been increasingly accepted that emotions are

an important factor in improving human-machine interaction,
Frontiers in Digital Health 02128
many times digital teaching systems do not consider the

emotional dimension that human users expect to encounter in

an interaction, and this can lead to frustration (11). To be able

to provide affective interaction between intelligent agents and

human users, the computer system needs to provide the virtual

agents with capabilities for emotional and socially intelligent

behaviour which should, in real time, have a measurable effect

on the user (15).

Emotion recognition has been widely explored in human-robot

interaction (HRI) and affective computing (16). Recent works aim

to design algorithms for classifying emotional states from different

input modalities, such as facial expression, body language, voice,

and physiological signals (17, 18). Ability to recognise human

emotional states can encourage natural bonding between humans

and robotic artifacts (19).

Andotra (20) found that by integrating emotional intelligence

with technological capabilities, chatbots or virtual agents could

enhance user engagement and well-being through personalised

and empathetic interactions. To enhance conversational

skills integrating emotional capabilities in chatbots is essential.

AI-driven chatbots can detect user sentiments in a conversation,

thus triggering the chatbot to comprehend the user’s emotional

state and generate an appropriate response (21).

There are several models for agent decision-making in

interactive virtual environments, such as interactive healthcare

teaching applications, for example:

• Belief, Desire, and Intention (BDI) (22), explained in more

detail below

• Psi-theory (23), OCC (24) which models the human mind as an

information processing agent, controlled by a set of basic

physiological, social and cognitive drives

• and the Five factor Model (FFM), a grouping of five unique

characteristics used to study personality: conscientiousness,

agreeableness, neuroticism, openness to experience, extraversion.

Models are needed because agents are part of an environment

that has limited resources, such as memory and computational

power. This means that agents cannot take an infinite amount of

time to process their next move(s). One of the most prominent

models is the BDI model that uses a set of rules designed to

reduce the number of possible actions the agent can perform,

thus reducing the time needed for the agent to decide its next

action. The environment within which the agents act changes

continuously so the agent must decide upon its next move and

act upon it quickly enough so that it ensures that the

environment does not change in such a way that it may

invalidate the selected action. BDI constrains the reasoning

needed by the agent and, in consequence, the time needed for

making a decision. Within BDI beliefs represent beliefs about

oneself, other agents, and the world. Desires represent what the

agent would like to achieve, such as situations it would like to

accomplish. For example, an agent could desire a patient in a

simulation to be helped with their meal. Intentions represent

actions/plans the agent has committed to do.

Research on agent design architectures and emotions for virtual

teaching of personnel for stressful situations focuses on emotion
frontiersin.org
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integration, the design of affective intelligent agents that interact

with other agents (virtual or real) based on social norms and on

how to improve agent realism and believability. Towards this

goal some of the research combines and/or extends other

theories and models.

For example, the extended BDI (EBDI) model (25), adds the

influence of primary (first, more instinctive, emotional response

to an event e.g., fear, sadness, anger) and secondary emotions

(arising from higher cognitive processes and based on what we

perceive that the result of a certain situation will be e.g., joy and

relief). This makes agents more engaging and believable so that

they can better play a human-like role in affective intelligent

agent scenarios.

In addition to the user’s emotions, virtual agents in our model

(described in the next section—Architecture Overview) also adapt

their actions and emotions based on the user’s personality traits.

The cognitive-behavioural architecture (26) incorporates the

notion of personality as a determining factor for the agent’s

future emotions and coping preferences. This approach enables

improved character diversity and personality coherence across

different situations.
3 Design of the online learning
environment

We present an architecture for creating a virtual tutor with the

ability to alter both the tutor’s and the virtual patient’s behaviour

and mood based on the responses, emotions, and personality of

human participants. Responses to human participant’s actions

are selected from a database of possible rules that are based on

previous research and input from psychologists and experts in

the area of health training. The testing scenario used in this

research focuses on teaching nurses caring for dementia patients.

The proposed architecture makes use of the BDI model and

extends it by incorporating the emotions and personality of the

trainees in the decision-making process. BDI is one of the most

popular models for developing rational agents based on how

humans act based on the information derived from an

environment (27). BDI was chosen because it is one of the most

prominent approaches to building agent and multiagent systems,

it is based on a sound psychological theory, Michael Bratman’s

theory of human practical reasoning (28) and it has been

successfully used for the design of realistic affective intelligent

agents for many years (29–31).

The architecture proposed in this work extends BDI by

incorporating two new elements. Firstly, it incorporates the

current emotional state of the participant into its decision-

making process. Systems that have explored emotion integration,

such as the BDI tutor model (29) and Model Social Game Agent

(MSGA) (30) have focused on just incorporating the emotions of

trainees and do not take other factors into account, such as a

human participant’s personality traits. Our proposed model

focuses on individual users and on the emotions of both the

human participants and of the virtual agents. The emotional

state of the human participant is not approximated by the model
Frontiers in Digital Health 03129
but is the dependant variable and reported by the participants in

real time in order to convey the emotional state to the

simulation for it to adapt. This introduces realism and

personalises the process for the human participant as it focuses

on the individual’s emotional state and how this changes

throughout the teaching session. With advances in artificial

intelligence, virtual agents are starting to play an active role in

various fields such as information presentation, sales, training,

education, and healthcare (32, 33). To help induce a positive

emotion and thereby enhance social bonding in human–virtual

agent interaction, affective communication between people and

virtual agents has become important (34).

Secondly, our architecture incorporates the personality of the

participant. For the purposes of this research the Five Factor

Model (also known as the “Big 5”) personality test (35) is used

for measuring the participant’s level of neuroticism. This has

been suggested to be related to the level that negative emotions

affect an individual during training (36–38). The feedback

provided to the participant as well as the virtual patient’s

emotional state is affected by both these elements.

Regarding the reasoning rule-based model, the Jboss DROOLS

Expert rules engine is used for providing feedback to the user and

uses the adapted BDI model for providing emotional intelligence

feedback. The front end of the learning environment has been

designed using the UNITY3D game development system and

programmed using C# to communicate with the server back end.

The back end was programmed using JAVA and runs under

Tomcat so that several front-end sessions can communicate

concurrently with and between modules on the server.
3.1 Architecture overview

A high-level overview of the emotional virtual agent’s

architecture can be seen in Figure 1. The architecture comprises

4 sections. The “User” section illustrates the real world and the

participant taking part in the virtual teaching simulation. The

“Agent Interface” section illustrates the communication between

the participant and the virtual agent. The “Cloud

Communication” section illustrates the data communication

between the virtual teaching environment and the emotional

agent architecture on the server. Finally, the “Evaluation” section

illustrates the decision-making process based on the BDI system,

available plans, human participant emotions and personality.

Once inputted, the events, emotions and personality

characteristics of the participant are sent from the virtual

learning environment to the server, as shown in the “Cloud

Communication” section.

The interaction between the participant and the agent interface,

shown in the “User” and “Agent Interface” sections of Figure 1, is

performed using traditional input devices, such as the keyboard

and mouse. The participants take part in an interactive 3D virtual

teaching scenario. The communication between the participant and

the virtual tutor/patient is achieved using dialog boxes. The virtual

tutor has no embodiment within the virtual environment. It

presents messages and feedback to the participant via text boxes.
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FIGURE 1

High-level overview of the proposed emotional virtual agent’s architecture.
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The virtual patient is represented within the virtual environment by a

3D human model. They are controlled using scripted behaviours;

however, the virtual tutor can alter the selection of behaviour and

the mood based of the virtual patient based on the responses,

emotions, and personality of human participant.

The participants have a first-person view of the virtual teaching

environment and select their choice of action using selection boxes,

as shown in Figure 2. Participants input their personality type and

their current emotional status by selecting the type and intensity of

their emotions, using selection grids. This method of emotional

input is used as it is a quick and reliable way for collecting

information on the emotional status of a trainee in a real

time environment.
3.2 Adapting the BDI model

The BDI model is used as the basis for interactive virtual

environment decision-making in the emotional virtual agent’s

architecture. The virtual tutor’s beliefs are created and updated

based on its desires and current scenario events. The tutor uses

dialogue boxes for teaching the participants and prompting them

to perform different actions. The participant responds by

performing the required actions and replies to the tutor using

multiple choice and true/false responses.

As illustrated in Figure 1, the decision-making process consists

of the following modules:

• The agent’s Beliefs module accepts as input events from the

current scenario and the agent’s desires. Based on these

inputs, the module outputs a list of the agent’s beliefs to the

agent’s desires and intentions modules. For example, a

scenario input could be a virtual patient that needs help
Frontiers in Digital Health 04130
finishing his meal and the tutor’s desire to provide the needed

help to the patient. The outputs of the module would include

the intention to ask a participant to help the patient and the

desire to follow through by confirming at a later time that the

participant fulfilled her task.

• The agent’s Desires module accepts as input a list of the agent’s

beliefs and outputs a list of the agent’s desires to both the agent’s

beliefs and agent’s intentions modules. Based on the example

illustrated above, the module could receive the desire of the

agent to confirm that the participant helped the virtual patient

finish his meal. The module would then output the intention

of asking the participant at a later time if she fulfilled the task

of helping the virtual patient and if the patient did, indeed,

manage to finish his meal.

• The agent’s Intentions module accepts as input a list of possible

plans, the agent’s desires and the agent’s beliefs. It outputs a list

of possible actions to the reasoning module. For example, inputs

could include the plan of the tutor to ask the participant to help

the virtual patient finish his meal by helping him sit at the table

and cut the meat in manageable pieces, the desire of the tutor to

help the patient and the belief that the patient needs the

participant’s help for finishing his meal.

• The agents Reasoning Module accepts as inputs a list of possible

participant responses to the tutor’s question and the

participant’s emotions and personality traits. It outputs the

chosen actions to be communicated to the participant and a

set of gestures and facial expressions to be used by the virtual

patient’s 3D avatar. For example, if a participant’s inputs

indicate that they are tired and not very empathetic then the

tutor would ask her in a firmer way to help the virtual

patient. The tutor would be less firm when communicating

with a rested participant that is more likely to feel empathy

for the patient that has difficulty finishing his meal.
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FIGURE 2

A screenshot of the virtual teaching environment and an interaction with the virtual agent. Please enter a scale for the emotion Stress and then reply to
the question below—Current Value 0; Please enter a scale for the emotion Agitation and then reply to the question below—Current Value 0; Please
select Emotions; (Q1 of 5) Should I be here in this place?:- I know you are worried about being here in hospital. Did you need to use the toilet?; You are
in hospital and you have to stay in for quite some time; Please stop talking to me and interrupting me while I am trying to do the medicine round.

Loizou et al. 10.3389/fdgth.2024.1307817
3.3 Incorporating emotions and personality
into belief–desire–intention model

Participant emotions and personality in the proposed

architecture are inputted by the participant using the
Frontiers in Digital Health 05131
keyboard/mouse within the virtual learning environment. These

are then transferred over a network to the server/back-end to

be interpreted by the inference engine. The participant’s input

their emotions and personality by replying to multiple choice

questions, selecting one or more emotions and their intensity
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(using a Likert scale). As discussed above, for this research the

Five Factor Model (also known as the “Big 5”) personality test

(35) is used for measuring the participant’s level of neuroticism.

The participant’s personality and emotions and the virtual

agent’s desires, intentions and beliefs are the inputs to the

emotion creation and revision module. Emotions affect the best

possible way an agent can respond to his requests. Personality

affects the intensity and duration of these emotions. For example,

using the Myers Briggs Personality Types, a Facilitator Caretaker

incorporating the following Myers-Briggs Personality Preferences:

Extraversion Sensing Feeling Judging, is more likely to feel

compassion and sadness for a patient than a Conceptualizer

Director that incorporates the following preferences: Introversion,

iNtuition, Thinking, Judging.

The virtual agents in our model predict how to respond to the

indicators of a participant’s emotions depending on an inference of

the participant’s personality. The participant’s neuroticism level is

used then to adjust the scale grade of the reported emotion. As

people with higher levels of neuroticism tend to over-report their

negative emotions, the rule is to decrease the level of emotion

reported on an 1–10 scale from participants with higher than

average levels of neuroticism and lower the reported level for

participants with lower than average levels of neuroticism.
3.4 The reasoning module

A set of rules adapts the responses of the virtual tutor based on

the trainee’s emotions, emotion strength, and personality traits.

Our system outputs the feedback to be given to the participant,

and information that identifies how the participant’s response

affected the emotional state of the virtual patient. This

information can then be used to adjust the virtual patient’s

behaviour and animations. For example, an animation can be

played, and an emoticon can be displayed that show the patient’s

resulting emotional state. This approach allows the system to

decide which actions will be performed by the virtual agent and

what types of gestures, facial expressions and emoticons will be

used for interacting with the participant within the virtual

teaching environment. In a similar manner, depending on the

virtual patient feedback, which is directly related to the emotion

felt by the patient, an emoticon is displayed on the screen that

shows clearly how the patient feels. The possible emotions

portrayed are happiness, sadness, disgust, fear and anger.

Figure 3 illustrates an example of sadness for the virtual patient.
4 Results

The chosen scenario for the data collection was designed by a

team of nursing tutors that specialise in mental health and,

specifically, in treating patients with dementia. The participants

for the case studies consisted of nine nursing students with an

interest in mental health. The data collection consisted of:

1. A pre-study interview that gathered background information

about the participant;
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2. An online personality test (Five Factor Model). This was used

to determine the level of neuroticism of the participants;

3. Two teaching sessions. During the sessions, the participants

interacted with a virtual patient with dementia and responded

to common questions asked by such patients. During the

interaction, interruptions occurred that had to be dealt with

(these were random in occurrence and duration, in the same

way these would occur in the real world), such as another

patient asking for water or the fire alarm going off. These

interruptions were chosen based on input from experienced

nurses. The training comprised two different scenarios:

a. Scenario 1—A teaching scenario where the feedback given

to the participants did not depend on their emotions and

personality and the patient did not demonstrate any

visual or auditory change in their mood. This session was

delivered as a point of reference to the participant on how

systems that do not cater for different personalities and

emotions work;

b. Scenario 2—an updated system based on the model

designed for this research; the second scenario provided

visual (emoticons and animations) and auditory feedback

on the patient’s emotional state. These were based on the

trainee’s emotions, personality, and responses to the

patient’s questions.

4. An interview was conducted for gathering data on how the

teaching session affected the learning process, emotional

states and general satisfaction of the participants. Interview

questions (Appendix A) were semi-structured and the

participants were prompted to discuss and expand their replies.

A set of qualitative data was collected using observation and

semi-structured interviews. The data was used to draw out

patterns of how visual and auditory representations of a virtual

patient’s mood may affect the learning process, emotional states,

and general satisfaction of the trainees.

• Data analysis

This section presents and interprets the qualitative results from

the testing of the developed emotional virtual agent’s architecture.

The participants were selected using convenience sampling

from a 3-year nursing course at a university. Students were in

their early 20s, 7 were female and 2 male, a representative ratio

of nursing students according to statistics (39). Inclusion criteria

included that the participants were taking part in their hospital

placements in the mental health ward and were working with

patients with dementia. The study was approved by the

university’s ethical committee and the participants signed a

consent statement before participating. The sample size was

deemed to be large enough for a small-scale qualitative test of

the technology to evaluate feasibility and acceptability. A future

quantitative study with a larger number of participants will be

used to evaluate statistical significance.

A summative content analysis was first used to identify themes

related to the research objectives. In the table (Appendix B) the

number of occurrences that support each research theme for
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FIGURE 3

User of animations, sounds and emoticons for portraying the emotion of sadness for the virtual patient. “A few minutes for someone with dementia is
meaningless. Mrs Smith may be unable to work out how long that might be. The response may make her feel agitated that she has to wait. She may be
left feeling that she is not being taken seriously. This may lead to her getting up out of her chair very quickly and asking the same question. PLEASE
TRY AGAIN.”
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each of the nine participants are listed. The research objectives

(RO) are as follows:
• RO1—To what extent does a virtual learning scenario

incorporating emotional virtual agents provide a realistic

experience.

• RO2—To what extent does the incorporation of emotions into

virtual agents stimulate a better set of responses from the

human user.

• RO3—To what extent do emotional virtual agents improve the

learning experience.

• RO4—To what extent do emotional virtual agents allow the

learners recognise their emotions and understand how these
TABLE 1 Summary of the occurrences for each RO from interviewing the par

Theme Description Realistic experience Better respons
Interview occurrences Participant 1 4 4

Interview occurrences Participant 2 4 3

Interview occurrences Participant 3 2 3

Interview occurrences Participant 4 2 2

Interview occurrences Participant 5 1 1

Interview occurrences Participant 6 2 3

Interview occurrences Participant 7 7 2

Interview occurrences Participant 8 3 2

Interview occurrences Participant 9 1 1

Frontiers in Digital Health 07133
affect the virtual agents and, subsequently, allow them to feel

more empathy towards them.

Below is a summary of the occurrences for each RO from

interviewing the participants

Table 1 illustrates how the scenario that provided text

responses that were affected by the participant’s personality traits

and emotions, in addition to using visual and auditory cues, was

more successful in providing a more realistic experience, better

responses, improved learning and increased empathy.

In more detail, Increased Empathy was the research objective

that had the highest number of occurrences. This is a very

important part of what we tried to achieve with our VR scenario

educational design as we aimed to have a patient-centered
ticipants.

es Improved Learning Experience Increased Empathy
4 6

3 5

3 3

2 2

2 2

1 1

1 2

3 4

4 3
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educational design, something extremely important in general, but

even more in the mental health sector, The next RO with 26

occurrences was Realistic Experience, something that a VR

experience can certainly provide if designed correctly. Improved

learning experience and Better Responses to patient questions

followed closely with a still high 23 and 21 occurrences

respectively, showing that all of the ROs were sufficiently achieved.

In the remainder of this section, we will provide a detailed

analysis of the qualitative data collected for this study. The

analysis is organised according to the research objectives outlined

at the start of this section.

• To what extent does a virtual learning scenario, incorporating

emotional virtual agents provide a realistic experience

All participants (n = 9) reported that the scenario questions were

realistic, based on their experience of roleplaying teaching and actual

first-hand experience of working with people with dementia during

hospital placement, and made them feel that they were interacting

with a real patient, especially in the case that the patients reacted

in a way that made their emotions clear. They also felt that the

realism of the scenario could help them improve their nursing

skills, especially with the integrated distractions which

corresponded to what they would expect to have to deal with in a

real-world scenario. They found that the realism of the system

could provide a good alternative to training with real people either

at university or during their placements. The realistic sounds from

the patients (laughter, screams etc.) were also found to be very

useful and increased the realism of the experience.

One participant stated in the initial interview that took place

before the teaching session that he believed that online teaching

would never replace practicing with real people.

“I’m a firm believer that simulated and online experiences will

never replace the total quality of experiencing that in practice.”

(Participant 9).

After the session the same participant reported that he found

the online teaching to be much more realistic than expected:

“I think that’s exactly the kind of challenges that a healthcare

worker will have. They will go into a bay, they’ll be

approached by one patient but there will be others also

demanding on their time, there’ll be other important tasks

and it’s important to make sure that the patient is cared for

and you also meet the needs of others. So, the scenarios felt

very real to me.” (Participant 9).

• To what extent does the incorporation of emotions into

virtual agents stimulate a better set of responses from the

human user

All the participants reported that the emotionally enhanced

teaching scenario made them realise how their actions can affect

the patient’s mood and subsequent reactions and how by being

calm and not letting their emotions guide their actions they can
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help the patients much more. They also agreed that seeing how

happy the patient was because of their care also improved their

mood. The affective virtual agents also made the participants

reflect on their work, when the results were positive but, mostly,

when they did not succeed in keeping the patient happy. For

example, one participant stated:

“… in one of the questions the patient was shouting, he wanted

to get out of there. If I was shouting back it would have

escalated, it would have made the patient more angry,

whereas if I just calmly say we can help then at least the

patient’s hear that there is some help for them.” (Participant 1).

They continued to say that reporting these emotions helped

him try to control them:

“… so I’ve got to keep it in and just find an easier, calmer way

to say, ‘Let’s sit down and we’ll sort it out.’” (Participant 1).

The participant also said that asking him to report these

emotions helped him think about how he felt and prompted him

to try and choose the answer that would make it less likely to

transfer his negative emotions onto the patient.

“Yeah, because there were some answers that I was reading,

and I thought if I answer with that it will make the scenario

escalate and make the patient more agitated and angry if I

tell them, “Oh just sit down, I’ll deal with you later.” They

don’t feel like they’re being cared for, so they’ll just want to

leave, they won’t want to sit down and talk to you but if you

say, ’Sit down, I’ll get you a drink and we’ll talk about how

worried you are.’” (Participant 1).

The online teaching environment also helped them respond

better as they felt more secure not having to deal with real

patients while still at the initial stages of learning as the

embarrassment of getting one question wrong in the real-world

would sometimes make them get more wrong answers.
• To what extent do emotional virtual agents improve the

learning experience
Again, all the participants stated that the feedback based on

their responses made them understand clearly how their answers

affected the patient and it allowed them to better understand

how important it is to know how the patient feels at every stage

of their interaction. They reported that the experience seemed

realistic and close to what they would expect to do in real life,

and this helped them learn better. It was also something they

found more enjoyable and less stressful as real-life teaching

scenarios sometimes made them feel uncomfortable and as they

were judged by their tutor. They felt that these teaching sessions

within a “safe” environment would allow them to practice and

improve their skills before attempting to work with a real patient.

For example:
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“So, like when we did it face to face with a member of staff in a

way you could feel that you were being judged by that member

of staff. I suppose to test out your skills first online then you’re

sort of in a safer environment than when you’re face to face

with somebody. Learning this online is more of a safe

environment to get it wrong and where you can get your

skills up to scratch really to be able to do it face to face with

somebody.” (Participant 3).

The teaching sessions also made them realise that this kind of

teaching can also be applied to other patients with different

conditions where it would also help improve the learning

experience. Responses included:

“I think that’s the thing that’s missing in practice is that

nobody tells you, you are so driven within the moment of

stress that you don’t realise you are and you do need to take

a step back. I think that’s perhaps the difference here

between the virtual environment and the real environment,

there is no button in the real environment to press, to gauge

my anxiety or my stress, to help me realise it, to help me

control it.” (Participant 9).
• To what extent do emotional virtual agents allow the learners

recognise their emotions and understand how these affect the

virtual agents and, subsequently, allow them to feel more

empathy towards them
The extent to which affective virtual agents allow carers to

increase their empathy was investigated. Both the replies to the

interview questions and the observation from the researcher

provided data that supported the research objective. More

specifically the participants reported that they realised how

patients can feel threatened when carers let their negative

emotions show and, on the other hand, how by seeing a patient

being calm and happy they know that they succeeded in giving

them the right care and they did not let their stress, anger or

other emotions affect their work. For example, one participant

commented on how having to report how stressed and agitated

he was before every reply to a question helped him understand

better how those emotions could affect the patient.

“Well, it made me really think of the patient. That it could

escalate the patient’s condition and make him feel threatened

if the trainee let those emotions show.” (Participant 1).

In the same way he noted that reporting those emotions help

him think about them more, and subsequently made him try to

control them.

“Yeah, if I’m shouting, even though I might feel angry and just

want to finish, if I show that it might make the patient feel

threatened.” (Participant 1).
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He also stated that asking him to report those emotions helped

think about how he felt and try to choose the right answer that

wouldn’t affect the patient negatively.

“Yes, you may not have the time to and you may need to do

other stuff but that way at least you’ve calmed the patient

down a little.” (Participant 1).

The reactions of the patient in the second scenario made them

realise clearly how the patient felt and made them try even more to

be compassionate and calm and not allow their actions to have a

negative impact on the patient. All the participants agreed that a

happy patient made them feel happy and contented too whereas

a distressed patient affected them negatively. Responses included:

“Yes, because if you feel you’re affected emotionally by the

situation you do think about what it is you’ve got to say next

and what you’re going to do next because you know that you

don’t want your emotions to impact on the patient because

it’s not about you, it’s about the patient and that side of

care.” (Participant 4).

The results of the comparison between the two different

systems are outlined below. The system that provided the visual

and auditory representations of the virtual patient’s emotions

based on the participant’s emotions, personality and responses

was reported by the nice participants to have the following

advantages:

1. Provided a more realistic representation of the carer/patient

interaction;

2. Performed better in helping the carers:

a. recognise how the patients feel;

b. recognise and evaluate their own emotions;

c. realise how their actions can affect the patient’s emotional

state;

d. realise how their emotions can affect the patient’s emotional

state;

e. empathise with the patients.

To summarise, all (100%) of the participants reported, when

using the enhanced scenario, a more realistic representation of

carer/patient interaction; better recognition of the patients’

feelings; recognition and assessment of emotions; a better

realisation of how feelings can affect patients’ emotional state

and how they could better empathise with the patients.
5 Discussion

Our aim was to explore how intelligent virtual agents in

healthcare provision teaching simulations can improve the human

participant’s learning experience by incorporating visual and

auditory representations of their emotional states. These emotional

states and the virtual agent’s responses were adapted based on an

indication of the participant’s emotions and personality.
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We found that visual and auditory representations of the

patient’s emotional state based on our adapted BDI architecture

positively affected the learning process, emotional states, and

general satisfaction of trainee nurses. Two scenarios were used;

one that did not include a virtual patient with different mood

states and an updated system that provided visual and auditory

feedback based on the patient’s emotional state.

There was no negative feedback regarding the second,

emotionally enhanced, scenario. When completing the

emotionally enhanced scenario some of the participants even had

a complete change in heart regarding the realism and usefulness

of online learning environments. All the nurses reported that the

second scenario using the enhanced learning system was more

realistic, helped them better realise how their actions and

emotions can affect a patient and, thus, made them more

empathetic and improved their learning experience.

Rich data was collected from the nine participants that support

that the adapted scenario with the emotionally enhanced patients

allowed them to:

• Experience a more realistic representation of carer/patient

interaction

• Better recognise the patients’ feelings;

• Better realise how feelings can affect patients’ emotional state

• Empathise with the patients.

These results will be useful for researchers in designing and

conducting future studies relevant to a broader range of

healthcare providers. By creating more varied scenarios focusing

on different target groups, e.g., people with learning disabilities,

people that suffered from stroke etc., the architecture can be

tested further and modified, as/if necessary, to better cater for

different health conditions.

Previous research in this area has focused on:

1. Non interactive videos where the participants did not have a

hands-on experience, as we mentioned in the introduction of

this paper regarding the systematic review of nursing

education teaching technologies (6).

2. scenarios focusing on only the emotions of the participants and

not on both their emotions and their personality (40, 41).

Our work can be further adapted to be used in different and

more varied fields, including crisis management and with both

formal (soldiers, firefighters, law enforcement officers) and

informal personnel. This can be done by using a different set of

emotions for the participants; these can be negative, positive or

include some of each type of emotion depending on the field

and scenarios used. In future work, we plan to incorporate

online assessments instruments into the virtual scenario for

collecting quantitative data on how emotionally enhanced virtual

agents could improve the learning experience.
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Appendix A: Questions from the semi-structured interviews
PART 1: Before completing the scenarios in the online environment

1. Please tell me a bit about yourself, what year you are in your training, and your main areas of interest?

2. What particular challenges do you face in your training when working with patients?

3. Do you feel that online training is something that could help you improve working with patients?

4. Have you done any online nursing before and, if yes, how did you find it?

5. Have you done any training with real actors before and, if yes, do you prefer training with real actors or virtual patients?

PART 2: After completing the scenarios in the online learning environment

1. How did you find them easy or difficult to go through? Please explain.

i. Did these feel realistic:

a. 3D environment. Please explain.
b. Scenario/Questions. Please explain

2. Did reporting your emotions during the scenario help you understand better how these emotions can affect the patient? Please explain.

3. Did reporting your emotions during the scenario help you in thinking about and, subsequently, trying to control your emotions? Please explain.

1. Did the changes in the patient’s mood in scenario 2 affect your feelings during the scenario? Please explain.

2. Did the changes in the patient’s mood in scenario 2 make it clearer how your replies affected her? Please explain.

3. Did you find any of the two scenarios to:

a. Be more realistic. Please explain.
b. Improve your learning more. Please explain.
c. Make you more empathetic towards the patient. Please explain.
d. Work better for you in any other way. Please explain.

4. What changes would you suggest we make to future online training scenarios?

5. Do you feel that more similar training could help you improve your nursing skills further? Would it help you become even more compassionate with patients?
Please explain.

6. Would you be interested in taking part in more online training scenarios in the future?
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Appendix B

Themes table

Themes related to the research objectives
F

Theme Number
rontiers in Digital Health
Code
13139
Theme

01
 REAL-EXP
 Realistic experience (RO1)
02
 BET-RESP
 Better responses (RO2)
03
 IMP-LEXP
 Improved Learning Experience (RO3)
04
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 1 (P1)
# of citations
 Code
 Theme

4
 REAL-EXP
 Realistic experience (RO1)
4
 BET-RESP
 Better responses (RO2)
4
 IMP-LEXP
 Improved Learning Experience (RO3)
6
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 2 (P2)
# of citations
 Code
 Theme

4
 REAL-EXP
 Realistic experience (RO1)
3
 BET-RESP
 Better responses (RO2)
3
 IMP-LEXP
 Improved Learning Experience (RO3)
5
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 3 (P3)
# of citations
 Code
 Theme

2
 REAL-EXP
 Realistic experience (RO1)
3
 BET-RESP
 Better responses (RO2)
3
 IMP-LEXP
 Improved Learning Experience (RO3)
4
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 4 (P4)
# of citations
 Code
 Theme

2
 REAL-EXP
 Realistic experience (RO1)
2
 BET-RESP
 Better responses (RO2)
2
 IMP-LEXP
 Improved Learning Experience (RO3)
2
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 5 (P5)
# of citations
 Code
 Theme

1
 REAL-EXP
 Realistic experience (RO1)
1
 BET-RESP
 Better responses (RO2)
2
 IMP-LEXP
 Improved Learning Experience (RO3)
1
 INC-EMP
 Increased Empathy (RO4)
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Themes related to the Participant 6 (P6)
F

# of citations
rontiers in Digital Health
Code
14140
Theme

2
 REAL-EXP
 Realistic experience (RO1)
3
 BET-RESP
 Better responses (RO2)
1
 IMP-LEXP
 Improved Learning Experience (RO3)
1
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 7 (P7)
# of citations
 Code
 Theme

7
 REAL-EXP
 Realistic experience (RO1)
2
 BET-RESP
 Better responses (RO2)
1
 IMP-LEXP
 Improved Learning Experience (RO3)
2
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 8 (P8)
# of citations
 Code
 Theme

3
 REAL-EXP
 Realistic experience (RO1)
2
 BET-RESP
 Better responses (RO2)
3
 IMP-LEXP
 Improved Learning Experience (RO3)
4
 INC-EMP
 Increased Empathy (RO4)
Themes related to the Participant 9 (P9)
# of citations
 Code
 Theme

1
 REAL-EXP
 Realistic experience (RO1)
1
 BET-RESP
 Better responses (RO2)
4
 IMP-LEXP
 Improved Learning Experience (RO3)
3
 INC-EMP
 Increased Empathy (RO4)
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A growing body of research has focused on the utility of adaptive intervention
models for promoting long-term weight loss maintenance; however,
evaluation of these interventions often requires customized smartphone
applications. Building such an app from scratch can be resource-intensive. To
support a novel clinical trial of an adaptive intervention for weight loss
maintenance, we developed a companion app, MyTrack+, to pair with a main
commercial app, FatSecret (FS), leveraging a user-centered design process for
rapid prototyping and reducing software engineering efforts. MyTrack+
seamlessly integrates data from FS and the BodyTrace smart scale, enabling
participants to log and self-monitor their health data, while also incorporating
customized questionnaires and timestamps to enhance data collection for the
trial. We iteratively refined the app by first developing initial mockups and
incorporating feedback from a usability study with 17 university students. We
further improved the app based on an in-the-wild pilot study with 33
participants in the target population, emphasizing acceptance, simplicity,
customization options, and dual app usage. Our work highlights the potential
of using an iterative human-centered design process to build a companion
app that complements a commercial app for rapid prototyping, reducing
costs, and enabling efficient research progress.

KEYWORDS

mHealth apps, human-centered design, weight management, adaptive interventions,

self-monitoring, feedback, visualization, behavior change

1 Introduction

In recent years, there has been a growing interest in utilizing mobile health (mHealth)

applications (apps) to support and enhance various aspects of healthcare (1). Obesity

remains a substantial public health challenge in the United States (2), and extended

care programs have proven effective in supporting long-term weight loss maintenance

(3, 4). In the weight management arena, researchers have been using smartphone apps

that allow individuals to track weight and weight-related behaviors (e.g., dietary intake

and physical activity) to investigate novel adaptive intervention models, such that

intervention may be “triggered” by different patterns in individual behavior (5–7). To

provide extended-care support at times when individuals are at high risk for weight
Frontiers in Digital Health 01 frontiersin.org141
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regain, our team has designed and developed an adaptive weight

maintenance intervention (8). The evaluation of such an

intervention often requires development of an instrumented app

with customized functionalities. However, building an app from

scratch can be resource-intensive, especially when the main focus

is on intervention development and outcomes assessment rather

than comprehensive app development.

An alternative approach is to develop a companion app that

harnesses the capabilities of the main commercial app through its

open-source API. The commercially popular weight management

app FatSecret (9) offers an API (10), logging interfaces, and

comprehensive databases for tracking weight-related data; however,

further instrumenting was needed to meet our specific goals, such

as sending customized questionnaires. Thus, to support the

implementation of our intervention and its evaluation in a

randomized controlled clinical trial (8), we designed and

developed a companion app, which we called the MyTrack+ app,

to pair with the FatSecret app. Our main goal was to create a

seamless logging experience for participants, ensuring smooth data

collection. MyTrack+ integrates data from FatSecret and a

BodyTrace smart scale (11), enabling participants to log and self-

monitor their health data, while also incorporating customized

questionnaires and timestamps to support our research aims.

These ecological momentary assessment (12) questionnaires allow

us to collect data necessary for implementing our intervention and

enabling future exploratory studies. As a supplementary objective,

we also integrated evidence-based behavior change techniques

aimed at increasing participants’ motivation, self-efficacy, and app

engagement, thereby enhancing adherence to their health objectives.

To ensure the effectiveness and user-friendliness of MyTrack+,

we followed an iterative, user-centered approach. Initially, we

developed app mockups and created a high-fidelity prototype

based on expert evaluations. Subsequently, we conducted a

usability study with 17 university students and refined our app

based on user feedback and insights from our health experts.

Finally, we conducted an in-the-wild pilot study with 33

participants from the target population: adults from the general

public who had reported recent weight loss and who were

interested in weight loss maintenance. This pilot study provided

valuable findings related to acceptability and usability, and we

further refined our app based on these findings. This approach

facilitated rapid prototyping, iterative testing, and refinement of

the app, while incorporating user feedback and the expertise

of health experts in weight loss maintenance. Currently, our

app has been deployed in an ongoing clinical trial evaluating

an adaptive intervention for supporting long-term weight

loss maintenance (8).

Our work contributes to the literature by presenting an example

of how user-centered design can benefit mHealth research. We

document the iterative design process of a tailored mHealth app,

specifically designed for research purposes, and its seamless

integration with a commercial app. We discuss the implications of

our design process, highlighting the potential benefits of leveraging

commercial apps for rapid prototyping, thereby reducing

implementation costs and enabling researchers to make efficient

progress in their investigations for similar projects.
2 Related work

We present relevant prior work in the areas of (1) the design

and use of mHealth apps for health behavior change, and (2) the

use of user-centered design processes in mHealth apps in general.
2.1 mHealth apps for health behavior
change

Smartphone app-based interventions have gained significant

attention in recent years (1). Researchers (13, 14) have identified

the benefit of various behavior change techniques, such as goal

setting, self-monitoring, feedback, and social support, for

improving dietary intake and physical activity within app-based

interventions. Zhao et al. (13) conducted a literature review of 23

articles that focused on the use of mobile phone apps to promote

health behavior changes in peer-reviewed journals. The authors

found that out of the reviewed studies, 17 of them reported

statistically significant outcomes indicating a positive influence

on the desired behavior change. Notably, self-monitoring

emerged as the most frequently utilized behavior change

technique, being employed in 12 of the studies. Dounavi and

Tsoumani (14) also conducted a systematic literature review with

the specific goal of identifying the existing evidence on the

effectiveness of mobile health technology in promoting weight

management behaviors, such as physical activity and healthy

eating. Out of the 39 analyzed studies, the authors found that

high levels of engagement with a mobile health app led to

satisfactory treatment adherence, resulting in successful weight

loss and maintenance.

Nevertheless, there are systematic literature reviews that find

only modest evidence in support of the effectiveness of mobile

apps in improving health behaviors or outcomes (15–17), in

contrast to the positive evidence mentioned earlier. Based on a

review of 27 studies, Schoeppe et al. (15) stated that multi-

component interventions seem to be more effective than

standalone app interventions and emphasized the need for

further confirmation through controlled trials. Furthermore,

current mHealth apps often provide extensive functionalities

and complex interfaces, which may not necessarily contribute to

their effectiveness (18–20). Lyzwinski et al. (18) conducted a

literature review of qualitative studies focused on user

perspectives and experiences with mHealth for weight loss.

From their review of 20 articles, the authors identified that the

most preferred apps were those that were simple and easy to

use. Haggag et al. (19) performed an extensive analysis of

mHealth app user reviews by extracting and translating over 5

million user reviews for 278 mHealth apps. The authors’

findings revealed that providing users with more information or

functionalities than necessary can result in user frustration and

reduced app usage.

This background presents an opportunity for developing a

minimalist app that only focuses on key factors for behavioral

change, which we emphasize in our work. Together with

trained interventionists and behavioral health experts, we are
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using our app in an ongoing clinical trial to assess

adaptive interventions aimed at supporting long-term weight

loss maintenance.
2.2 User-centered design for mHealth apps

Previous research has emphasized the importance of user-

centered design1 processes in developing effective mHealth apps for

various health domains, such as self-management of chronic

conditions (21, 22), mental health (23), persons living with HIV

(24, 25), women in substance use recovery (26), and participants

with fall risk (27). Schnall et al. (24) conducted formative research,

which included focus groups, participatory design sessions, and

usability evaluations, to guide the development of a health

management app for individuals living with HIV. Their review of

15 existing apps meeting their inclusion criteria revealed that none

of them integrated all the functionalities identified during their

formative work, pointing to a significant lack of clinically-backed

design choices in current mHealth apps. The authors further

utilized a user-centered model to iteratively develop and refine

mock-ups, creating an mHealth app tailored for persons living

with HIV (25). Their findings demonstrated that a user-centered

approach offered a deeper understanding of their target users’

specific requirements and facilitated the creation of an mHealth

app that better aligned with user needs. Additionally, Eaves et al.

(26) applied user-centered design in developing an mHealth app

to support women in substance use recovery. Through an iterative

design process, the authors showed that users’ feedback helped

tailor an mHealth app to maximize usability, access, and safety for

this at-risk population. Lastly, Hsieh et al. (27) aimed to provide

personalized fall risk screening for clinical populations, including

older adults, individuals with Multiple Sclerosis, and wheeled-

device users, by utilizing mHealth apps. The authors developed

the interface of each app with a user-centered design approach

through iterative usability testing and semi-structured interviews.

The authors then tested their apps in real-world settings and

demonstrated the effectiveness of their apps in measuring fall risk

(comparable to clinical assessments) to enhance user safety.

To develop our minimalist weight management app, we

employed a user-centered iterative design process to understand

users’ mental models, focusing solely on essential features. This

approach enabled efficient progress in our research investigation

and simpler data logging to support our research goals.
3 Designing MyTrack+: goals and
features

We present the initial set of design goals and app features,

brainstormed in concert with our behavioral health expert team
1Also referred to as human-centered design.
members to ensure the MyTrack+ app would meet all the goals

of the broader clinical trial.
3.1 Design goals

Our main goal was to support the implementation and

evaluation of an adaptive weight maintenance intervention. Prior

work had established that key data points required for such an

intervention include participants’ self-weighing frequency, self-

monitored dietary intake and physical activity, and self-rated

measures of weight-related variables (e.g., hunger) (28). Our

clinical trial (8) serves as a testbed for an automated “trigger”

algorithm which can detect when participants may be at risk of

relapse based on their logging or other lapses (29). Thus, our

overarching goal was to facilitate data collection during the

clinical trial by creating a seamless and effortless logging

experience for the participants. Additionally, we aimed to employ

behavior change techniques to support participants in achieving

their health objectives. By integrating evidence-based strategies,

we aimed to enhance motivation, engagement, and self-efficacy,

supporting sustainable behavior change and promoting successful

long-term weight loss maintenance. Informed by guidance

provided by health experts in long-term weight maintenance and

prior work on applying behavior change techniques for health

behavior change (30), we formulated the following design goals

for our study.

3.1.1 Goal 1 (G1): enhance usability for effortless
logging

We aimed to minimize the effort required for participants to

log their data by designing an intuitive and user-friendly

interface that is easily accessible and navigable. By reducing the

effort needed to log data, participants are more likely to engage

with the app consistently (14). When the interface is intuitive

and user-friendly, it enhances the overall user experience and

encourages active participation (14).

3.1.2 Goal 2 (G2): deliver necessary instruments
We aimed to deliver research-oriented questionnaires to collect

data necessary for implementing the adaptive weight intervention

and enabling further exploration. The ubiquitous nature of mobile

devices enables low-effort self-reporting in real-time through

ecological momentary assessment (EMA) (31). In mHealth apps,

EMA measures (e.g., questionnaires assessing an individual’s

thoughts, feelings, and behaviors and the context in which these

occur) are usually delivered repeatedly over time, in the natural

environment (31). In our case, questionnaires prompt participants

to self-rate, on 7-point Likert scales, factors that had been

hypothesized previously to be associated with weight regain (28).

3.1.3 Goal 3 (G3): facilitate self-monitoring and
provide feedback

In addition to collecting essential research data, the previous

two goals serve the purpose of facilitating self-monitoring and

self-reflection. We further aimed to deliver personalized health
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TABLE 1 Our mHealth system incorporates three main components: (1)
our MyTrack+ app, (2) the FatSecret commercial app, and (3) a
BodyTrace smart scale.

Application/
Device

Data Type Features

MyTrack+ app Questionnaire Summary graphs, Notifications, Goal
setting, Health expert support

FatSecret app Dietary intake,
Physical activity

Self-logging user interface, Databases
of nutritional and exercise
information

BodyTrace smart
scale

Weight Automatic weight logging

This system was designed to facilitate the self-monitoring of health data relevant to

weight management, including weight, dietary intake, physical activity, and weight-

related factors (via questionnaires).
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information to participants in the form of summary graphs,

providing tailored feedback on their progress. According to

Bandura’s social cognitive theory (SCT) (30), self-monitoring

increases the user’s awareness of their progress and feedback

provides an opportunity for them to adjust their strategy (30).

Self-monitoring refers to a person’s action of keeping a record of

details related to performance of the target behavior (e.g., logging

the duration and intensity of performing certain physical

activities). Such action is a part of the self-regulatory mechanism

that is required for beneficial behaviors to be achieved and

maintained (30). Moreover, for goals to be effective, summary

feedback on self-reported details is also crucial. Such feedback

provides an opportunity for individuals to adjust the level or

direction of their effort or to adjust their strategies to match

what the goal requires (30). Prior work showed that a system

that facilitates the user’s self-monitoring and provides feedback

can effectively increase physical activity (32) and motivate

healthy eating (33).

3.1.4 Goal 4 (G4): increase motivation and self-
efficacy

Our secondary objective was to harness the power of behavior

change techniques inspired by the principles of goal-setting

theory to increase participants’ motivation and self-efficacy.

Locke and Latham’s goal-setting theory (GST) (34) states that

having a goal is a crucial cognitive determinant of human

behavior and performance. According to the GST (34), there is

a positive, linear relationship between goal difficulty and levels

of effort and performance. The authors found that effective

goals should be challenging enough to induce effort for an

individual to be motivated but should not be so difficult that

they cause repeated failures. Goal setting has been shown to be

an important factor in supporting behavior change in various

health fields (35, 36). Furthermore, Bandura’s social cognitive

theory (SCT) (30) holds that self-efficacy is a major

determining factor for behavior change. Self-efficacy is an

individual’s belief in their ability to execute a certain behavior

in a given situation. Repeated successes play a significant role in

boosting self-efficacy, as past achievements have a notable

influence on self-perception (30). Therefore, the keys to

accomplishing long-term health behavior changes involve

setting intermediate goals and making persistent efforts towards

their achievement. Individuals can enhance their self-efficacy by

actively monitoring their own behavior and receiving feedback

that highlights progress towards goal attainment (34). Previous

studies have focused on increasing the user’s self-efficacy to

motivate health behavior change (37, 38).

3.1.5 Goal 5 (G5): promote app engagement and
adherence to health objectives

To achieve this goal, rooted in behavior change theories

(30, 39), we aimed to encourage app engagement and adherence

to health objectives by incorporating notifications and expert

support into our system. The Fogg Behavior Model (39)

emphasizes the importance of providing triggers to increase app

engagement and adherence. Prior work has also pointed out
that mHealth app notifications can aid in behavioral change

through increasing user app engagement and adherence to

health objectives (40). Additionally, the Supportive

Accountability model proposed by Mohr et al. (41) argues that

human support increases adherence to electronic health

interventions through accountability to a human coach. Social

persuasion provided by a human coach can also enhance an

individual’s self-efficacy, thereby increasing motivation (30).

Being encouraged to perform certain behavior by others

through suggestions can enhance an individual’s belief in their

capability of successfully executing such behavior (42). Previous

studies found that users consider consultation and

communication with health experts to be a crucial functionality

in mHealth apps (24, 43).
3.2 Initial design features

To achieve our design goals, we considered the following initial

design features in MyTrack+.
3.2.1 Interfaces for logging weight-related
behaviors

While this section primarily focuses on designing MyTrack+,

to achieve G1 and also streamline the software engineering

process, we utilized the existing features in a well-established

commercial app, FatSecret, and a BodyTrace smart scale

(Table 1). FatSecret provides an interface for logging consumed

food and drinks, including portion sizes and nutritional

information such as calories and macronutrient/micronutrient

composition. It also includes features that enhance its usability,

such as barcode scanning for food items and the “Recently

Eaten” and “Most Eaten” options, reducing logging efforts. Users

can also log exercises with duration and access a comprehensive

database of physical activities. Additionally, our system

incorporates the use of a BodyTrace smart scale that utilizes

cellular network connectivity to transmit participant weight data

to BodyTrace servers. This eliminates the need for participants to

manually log their weight data, as developers can directly request

the information from the servers.
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3.2.2 Navigation
Achieving effortless logging (G1) requires an intuitive app with

easy navigation. We focused on facilitating both cross-app

navigation (from MyTrack+ to FatSecret) and within-app

navigation (between different pages within our app).
3.2.3 Research-oriented questionnaires
To achieve G2, we utilized MyTrack+ to conduct EMA through

weekly and end-of-week check-in questionnaires. Questionnaire

content was developed by our team of health experts, while the

software engineering team dedicated their efforts to designing the

user interface. This feature also supports the achievement of G3 by

allowing users to assess their progress through rating various factors

that were previously hypothesized to be linked to weight regain (28).
3.2.4 Notifications
To achieve G2, we implemented notifications that appear both

outside the app (i.e., push notifications) and inside the app (i.e., in-

app notifications). These notifications serve as reminders for users

to reflect on their weekly progress while also accomplishing G5. A

survey found that designers use notifications as a way to facilitate

behavioral change by increasing user engagement with the app

and promoting adherence to health objectives (44).
3.2.5 Overall summary graphs
To achieve G3, we included summaries for calories remaining,

physical activity, and weight in the form of summary graphs, as

providing visual feedback on self-reported data is an effective

strategy for boosting physical activity levels and promoting

healthier eating habits (14). These graphs also aid in

accomplishing G4, as they enhance self-efficacy by empowering

the user to visualize and review their past achievements.
3.2.6 Goal setting and monitoring
To achieve G4, we implemented features that enable users to

set their goals. We also implemented features that enable the

user to track their progress towards intermediate sub-goals,

contributing to both G3 in providing feedback on self-reported

data and G4 by promoting self-efficacy through the

accomplishment of repeated small successes.
FIGURE 1

Our user-centered design process involving iterative evaluation and increme
stages where we conducted brainstorming sessions, evaluations, and/or stud
(2) Computer Science students were recruited for the usability testing, and
health experts for each of these stages to ensure that the incremental ch
management literature. The elements colored in white represent the result
3.2.7 Expert support
To achieve G5, we created a support page that

facilitates communication between users and health

experts, as accountability to a human coach has been

demonstrated to enhance adherence (41). This feature also

contributes to G4 by promoting self-efficacy through social

encouragement (30).
4 Iterative design of MyTrack+

To achieve our design goals and determine how to support

the features we brainstormed, we followed a user-centered

approach with iterative evaluation of prototypes and

corresponding incremental changes, encompassing multiple

stages (Figure 1). The process involved first developing app

mockups and designing the backend system. We developed the

first version of a high-fidelity prototype based on feedback

from health experts in our team and through internal pilot

tests with our human-computer interaction (HCI) researchers.

Subsequently, we conducted a usability study with 17

university students to gain insights into ease of use,

preferences, and technical issues. We refined our app based on

feedback received from users and insights provided by our

health experts. Finally, we conducted an in-the-wild pilot

study involving 33 participants from the general public, and

then further refined our app based on feedback from both

participants and our health experts.

Our transdisciplinary team included faculty, staff, and

graduate students with expertise in obesity treatment, clinical

psychology, computer science, and human-computer interaction

(HCI). The four-member health expert team comprised of a

faculty clinical psychologist with 17 years of experience in

obesity treatment, a registered dietitian with 21 years of

research experience, and two Clinical and Health Psychology

graduate students with training in obesity treatment. The six-

member computer science team comprised of two faculty

members with a combined total of 25 years of research

experience in HCI and 15 years of industrial experience in

software engineering, and four graduate students with training

in computer science and HCI.
ntal refinement of app prototypes. The elements colored in blue indicate
ies. Specifically, (1) HCI researchers were recruited for internal evaluation,
(3) the target users were recruited for the pilot study. We engaged our
anges we made were aligned with recommendations from the weight
of the previous element.
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4.1 Initial mockups and backend design

We designed the following mockup components based on our

design goals and initial features (Figure 2). We provide a detailed

explanation of each component in the same order as our initial

design features listed in Section 3.2.

4.1.1 Navigation
At the bottom of MyTrack+ (Figure 2-1), we implemented a

navigation panel that includes the “Home”, “Diary”, and

“Support” tabs. These tabs allow the user to navigate to the

Home screen, FatSecret, and the Support screen from any screen.

We implemented the “Diary” tab to facilitate the navigation from

MyTrack+ to FatSecret. While we lack control over the

implementation of the FatSecret app, users can navigate

backward using the built-in back navigation feature on both

iOS and Android devices. We also implemented arrows within

in-app notifications and summary graphs to visually indicate

clickable components.

4.1.2 Questionnaires
We created a Questionnaire screen (Figure 2-2) that displays

questions developed by our health experts. We implemented a

7-point Likert scale slider for each question, allowing users to

self-rate the weight-related factors. Users can navigate to this

screen through in-app notifications (Figure 2-3).

4.1.3 Notifications
We designed notifications based on empirically-derived

notification design recommendations in mHealth apps, including

position, aesthetics, and content (44). We placed the in-app

notification at the top of the Home screen (Figure 2-3) to ensure

that it is prominently visible and does not interfere with the

main content of the app. We also implemented a transient

warning message that appears at the bottom of the user’s current

screen and disappears after five seconds. This brief message can

capture the attention of users who may not be actively looking at

the top of the home screen or may be engaged in a different part

of the app’s interface. We included an arrow to indicate that the

notification is clickable and a “warning” icon to indicate the

importance of clicking on the notification. To create an effective

visual effect, we chose orange as the background color for the in-

app notification, leveraging its complementary nature to our

main color theme of gray blue.

4.1.4 Summary graphs
Our summary visualization includes graphs for physical

activity and weight data (Figure 2-4). Our app displays data

summary on a week-to-week basis (Sunday to Saturday), while

providing the functionality for the user to monitor tracking

history of previous weeks. Regarding the type of weekly summary

graphs, we explored line graphs (Figure 2-4-1) and bar charts

(Figure 2-4-2). Additionally, for tracking physical activity, we

explored different units, including total duration in minutes or

total burned calories.
4.1.5 Dietary intake and goal indicators
Our app displays summary graphs for dietary intake (Figure 2-5).

To display daily calorie goal and the weekly calorie intake, we

considered two options: (1) display both graphs on the Home

screen (Figure 2-5-1) or (2) display the daily calorie goal on the

Home screen and link it to a separate screen for daily breakdown

and weekly summary (Figure 2-5-2). For the daily calorie goal, we

considered a balance equation, a circular progress bar, and a pie

chart. For visualizing the detailed breakdown of daily and weekly

calorie intake, we considered a bar chart and a pie chart, with text

information displayed below and alongside. Additionally, we

designed goal-monitoring features, including textual information in

a daily summary indicating the calorie goal, total calories

consumed, and remaining calories. In the weekly graph, a line

representing the calorie goal was incorporated.

4.1.6 Support screen
On the Support screen (Figure 2-6), the app presents the

message: “Fill out the form below and a specialist will contact

you.” We introduced a “specialist” character to indicate real

human support, which has been shown to be effective in

increasing engagement (40). Since our support is provided

through phone, we designed open text input for the user to

input their phone number and indicate their preferred call time.

4.1.7 Backend design
To ensure a seamless data collection process and smooth dual

app usage, the MyTrack+ app focuses on integrating data from

multiple sources: FatSecret and BodyTrace. Specifically, we

implemented three backend components for this feature. We

integrated the Firestore Database (45) into our system for data

storage. We built Google Cloud Functions (46) for

synchronization between our app and FatSecret. Google Cloud

runs scheduled Cloud Functions to request data from FatSecret’s

server using the API they provide. We provided a “Diary” tab in

the navigation panel at the bottom of the Home screen. This

allows the user to navigate from MyTrack+ to FatSecret from any

screen. In addition, the FatSecret API does not include

timestamps for self-monitored weight, caloric intake, or physical

activity. However, the inclusion of timestamps is crucial for

supporting the implementation and evaluation of our adaptive

weight maintenance intervention, as well as for conducting

further exploratory study, such as developing novel models to

proximally predict weight change and supporting future adaptive

intervention development. Thus, in our backend system, we

appended timestamps to the data collected in FatSecret and

BodyTrace when requesting data from those applications’ servers.
4.2 High-fidelity prototype 1

In our iterative process of improving the app to fulfill our

design goals, we first sought guidance from our team of health

experts and performed internal pilot tests with our team of HCI

researchers. Based on feedback from these experts and researchers,

we developed the initial high-fidelity prototype (Figure 3). We
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FIGURE 2

The app mockup components. The labels correspond to the descriptions provided in Section 4.1: (1) The navigation panel. (2) The Questionnaire
screen. (3) The in-app notification. (4) The summary graphs for physical activity and weight data with two design options: (4-1) a line graph and
(4-2) a bar chart. (5) The calorie intake summary with two design options: (5-1) display both daily and weekly summaries on the Home screen and
(5-2) display the daily summary on the Home screen and link it to another screen for weekly summary. (6) The Support screen.

Chen et al. 10.3389/fdgth.2024.1334058
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FIGURE 3

The first high-fidelity prototype. The leftmost screenshot displays the Home screen, with the components arranged from top to bottom following the
same order as in the actual app. The labels’ order follows our description in Section 4.2: (1) Navigation panel with icons. (2) End-of-week questionnaire.
(3) Shading of the arrows in summary graphs. (4) Physical activity summary graph. (5) Weight summary graph. (6) Daily calorie goal. (7) Tabs for
selecting types of details. (8) Daily dietary intake details. (9) Weekly dietary intake details. (10) Open text input for topics on the Support screen.
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detail our iterative improvement process, highlighting our

design goals.

To facilitate effortless logging (G1) through intuitive navigation

and user-friendly interfaces, we refined navigation and questionnaire

components, following suggestions from our HCI researchers who

drew upon previous studies in the mHealth field (14). We integrated

icons into the tabs of the navigation menu, providing visual cues for

easy navigation (Figure 3-1). Additionally, we highlighted the

keywords within the questions in the questionnaires to draw

attention (Figure 3-2), aiming for G2. For example, we emphasized

the “hungry” keyword using bold text in the question that prompts

the participant to rate their hunger: “How hungry were you during

the past week?” Lastly, we introduced shading to the arrows in

summary graphs (Figure 3-3) to indicate whether the user can

navigate and review data from past weeks (G3).

To enhance self-awareness (G3), boost motivation (G4), and

increase engagement (G5), we incorporated feedback from our

health experts to refine components such as summary graphs,

dietary intake detail, and the Support screen. For the physical

activity summary graph (Figure 3-4), we used minutes instead of

“calorie burned” as the unit because our intervention goals are

set in minutes, based on guidelines issued by both the American

College of Sports Medicine (ACSM) (47) and the Centers for

Disease Control and Prevention (CDC) (48). For the weight

summary graph (Figure 3-5), we selected the line graph because

it effectively shows the change of weight over time. For dietary

intake summary (Figure 3-6), our app displays only the daily

calorie goal summary on the Home screen to avoid redundancy.

We opted for a balance equation format because it was perceived

as more easily understandable and preferable at a glance, while a

circular progress bar received unfavorable feedback. Clicking on
the balance equation redirects the user to the dietary intake

detail screen, which features two tabs at the top (Figure 3-7). For

daily breakdown, based on feedback from our health experts, the

pie chart was deemed confusing. Thus, we opted for a vertical

subtraction expression to enhance clarity (Figure 3-8). This

design presents the total calories consumed for the day at the

top, followed by a breakdown of calories consumed by meals

(e.g., breakfast, lunch, dinner, snacks) listed below, and concludes

with the remaining calories at the bottom. For the weekly dietary

intake summary, we opted for a bar chart representation, as it

effectively emphasizes the line indicating the calorie goal

(Figure 3-9). Supplementary numerical values are included below

the bar chart, displaying the calories consumed and the deviation

from the goal (i.e., daily calorie goal - calorie consumed) for each

day of the week. Lastly, our health experts provided feedback

indicating that incorporating an open text input for users to

express the topics they would like to discuss is beneficial for both

the user and the health professional (Figure 3-10).
4.3 Usability study

To iteratively assess and enhance the high-fidelity prototype of

the MyTrack+ app, we performed a lab usability study involving 17

students majoring in Computer Science from our local university.

Our goal is to evaluate MyTrack+’s general usability and identify

basic bugs and major usability flaws. Although Computer Science

students were not our main target users, according to Nielsen

(49), involving students in the domain of interest from a local

university in usability testing can still yield valuable feedback. We

chose to recruit students as convenience samples (50) because (1)
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FIGURE 4

New features or changes in the second high-fidelity prototype: (1) The “gear” icon for navigating to Settings. (2) An input space where the user can set
and change their calorie goal. (3) Notification preferences. (4) In-app notifications. (5) Unanswered question on the Questionnaire screen and radio
buttons. (6) An open-response text box for the hours-of-sleep question. (7) Displaying numerical values when bars are clicked. (8) The values are
calculated based on “consumed � goal”. (9) The term “your coach” for tailored personification. (10) The “phone” icon for the Support tab.
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they are easier to reach and more readily available and (2) they

could also be potential users of weight management apps. We

listed our study in the Computer Science department’s Research

Participation System to recruit students enrolled in Computer

Science classes. We excluded one participant due to missing data.

The mean (SD) age of the 16 participants was 21.7 (3.3) years

and 3 participants (19.8%) were women.

To address potential limitations in our lab study, which may

not reflect real-world stress, and because we recruited university

students who may not have a weight maintenance goal after

weight loss, we used four task scenarios in the usability study to

evaluate our prototype:

• Scenario 1 (G1, G3, and G4). We explained the context of use

for this app being to help people manage their weight after

weight loss. Our first scenario asked the participant to explore

the Home screen with summary information and the dietary

intake detail screen with this in mind.

• Scenario 2 (G5). We described a scenario where the user was

having trouble staying on track with their weight management

program and would like someone to contact them in order to

talk about it.

• Scenario 3 (G2). We described a scenario where the user was

experiencing a real-world stress (e.g., promotion at work) that

demanded extra hours and attention. Participants were asked

to fill out the end-of-week questionnaire, which is a part of

their weight management program every Sunday. The end-of-

week questionnaire includes two questions prompting the

participant to rate two weight-related factors, which are

necessary for our adaptive intervention.

• Scenario 4 (G2). We then asked the participant to fill out the

weekly check-in questionnaire, under the same circumstance

(i.e., experiencing a real-world stress that demanded extra hours

and attention). The weekly check-in questionnaire includes 12

questions prompting the participant to rate 12 weight-related
factors, which are also necessary for our adaptive intervention.

In our clinical trial, this questionnaire is sent on a random day

between Monday and Saturday (with participants unaware of

the day that the questionnaire will be asked).

We showed the participants the MyTrack+ app and read the

description of our scenarios. They were then asked to perform

tasks in our app and answer questions about the usability of the

app while thinking aloud (51). They then completed a System

Usability Scale (SUS) questionnaire (52) and received extra

course credit as compensation. Our study protocol was approved

by our university’s Institutional Review Board (IRB).
4.4 High-fidelity prototype 2

The average SUS score was 84.53 (min ¼ 60; max ¼ 100; SD ¼
10.92), surpassing the widely accepted SUS score benchmark of 68

(53). Based on feedback from the usability study and our health

experts, we further refined our app and developed the second

high-fidelity prototype (Figure 4). Throughout this process, our

main focus remained on achieving established design goals.

In the usability study, students noted their needs to input or

change their calorie goal, mentioning that, “I was not sure how

to input my target goal.” (P17) and, “It feels like you should be

able to click on the section headers and get taken to a

configuration screen.” (P05). Aligned with our design goal on

providing goal-setting functionality to increase motivation (G4),

we implemented a “gear” icon (Figure 4-1) on the Home screen

and linked it to the Settings screen (Figure 4-2). Additionally,

researchers have increasingly emphasized the importance of

flexibility and customizability in mHealth apps to support user

autonomy (54). Previous studies have found that customizable

apps can increase users’ engagement by providing a sense of

control (55). Together with feedback from our health experts, we
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implemented options for the user to specify their notification

preferences (Figure 4-3), effectively achieving G2 and G5. Based

on the specified times, in-app notifications appear at the top of

Home screen (Figure 4-4). The notification content was decided

based on discussions among our HCI researchers and health

experts, drawing from our expertise and prior work. Our goal

was to deliver a motivational message (“How was your day/

week?”) with a sense of urgency in responding to the

questionnaire, employing an assertive tone emphasized by an

exclamation mark (“Complete a self check-in now!”), following

the established recommendation (40).

Clicking on the in-app notifications redirects the user to a

separate Questionnaire screen. Since the questions are critical for

our research purposes, our app displays a warning if there is

more than one unanswered question and changes the color of

the unanswered question to red (Figure 4-5). Based on feedback

from the students, mentioning that, “Sometimes, when I would

try to scroll, my finger would accidentally move the sliders on

the responses.” (P05), which is consistent with the “fat fingers”

issue for touchscreen gestures (56), we replaced the sliders with

radio buttons. We also added an open-response text box to the

hours-of-sleep question based on feedback from our team of

health experts (Figure 4-6).

For summary graphs on the Home screen, students expressed

difficulty in reading the chart, mentioning that, “If I was not

paying attention I may not read the chart correctly.” (P03). Our

health experts also provided similar feedback, which prompted us

to implement a feature wherein numerical values are displayed

when bars or points in the graphs are clicked (Figure 4-7). This

feature aims to facilitate self-reflection for increasing self-

awareness (G3). For the numerical values on the weekly dietary

intake screen (Figure 4-8), we changed the direction of

subtraction from “goal � consumed” to “consumed � goal”

based on feedback from our health experts, stating that negative

signs should be used when someone is below their goal.

Interestingly, students expressed confusion about this particular

change, mentioning that, “At first sight the negative values

seemed a little tricky to me. Only because thinking of something

in the negative might ignite a feeling of inadequate

performance?” (P08). Thus, we implemented visual indicators by

marking values that exceeded the calorie goal in red, aiming to

strike a balance between user preferences and health

expert suggestions.

Lastly, students expressed confusion about the purpose of the

Support screen, stating that, “[I’m] confused if the purpose of
FIGURE 5

The procedure of our two-week, in-the-wild pilot study involving 33 target
Support is supposed to connect you with someone to encourage

you to reach your goals or if it’s general support for the app

overall.” (P09). Our health experts supported this feedback and

recommended replacing the “support buoy” icon with a “phone”

icon (Figure 4-10). We also changed the term “specialist” to

“your coach” (Figure 4-9), aligning with the established

recommendation of incorporating tailored personification (40).
4.5 Pilot study

To iteratively assess and improve the second high-fidelity

prototype of the MyTrack+ app, we conducted an in-the-wild

pilot study involving 33 target users from our local community

who had lost at least 5% of body weight during the past two

years. We excluded two participants due to missing data. The

mean (SD) age of the 31 participants was 40.1 (15.6) years and

21 participants (67.7%) were women. The following are details of

our two-week pilot study procedure (Figure 5).

4.5.1 Recruitment
Participants were recruited using flyers, outreach to local

employers/businesses, and newspaper ads; all such materials were

approved by our IRB.

4.5.2 Orientation and informed consent process
Participants who met initial eligibility criteria as assessed via the

phone screen were invited to attend an in-person orientation visit.

The orientation visit included a discussion of the pros/cons of

taking part in research and specific details of the current study.

Potential participants were given the opportunity to privately ask

study staff any remaining questions and then, if they remained

interested, were asked to provide written informed consent.

4.5.3 Initial visit
Participants who met study eligibility criteria were provided a

study smart scale developed by BodyTrace, Inc. (11). Study

team members reviewed the MyTrack+ smartphone application

and assisted participants with smartphone setup. Participants

were asked to use the study smart scale and MyTrack+

application for the following two weeks before returning for a

follow-up feedback visit. Participants were asked to weigh

themselves each day, first thing in the morning after using the

restroom but before eating/drinking, in nothing more than light

indoor clothing (57).
users.
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4.5.4 Pilot study period
During the two-week study period, participants were asked to

(1) use study smartphone apps to track weight, caloric intake, and

physical activity each day, (2) use smart scale to measure weight

each day, and (3) complete questionnaires when prompted via

study smartphone app. MyTrack+ pushed two questionnaires to

participants each week: one 12-item questionnaire (Weekly

MyTrack+ Questionnaire) delivered on a random day each week,

ranging from Monday through Saturday and one 2-item end-of-

week check-in (“End of Week MyTrack+ Questionnaire”).
4.5.5 App feedback visit
Participants were asked to return two weeks after their initial

study visit to complete SUS questionnaires and provide feedback

regarding the usability/acceptability of the MyTrack+ smartphone

application. Study staff measured participant weight, and

completed a semi-structured interview to assess participant

perception of usability and acceptability of the MyTrack+

application. Audio recordings of the semi-structured interviews

were collected to document suggestions for further app

development. Participants were provided with a $30 honorarium

for completing this study visit.

Our study protocol was approved by our university’s IRB.
4.6 Final design

As the last phase of our iterative design process, we integrated the

insights from the pilot study and gathered additional input from our

health experts. The average SUS score of the second high-fidelity

prototype was 70.48 (min ¼ 27.5; max ¼ 97.5; SD ¼ 16.89), which

remained higher than the typical SUS score benchmark of 68 (53).

Focusing on our design goals, we continued to refine our app and
FIGURE 6

Main screens of our final design: (1) The upper part of our Home screen and
graphs. (3) Daily dietary intake summary. (4) Weekly dietary intake summary
created the final design of the MyTrack+ app (Figure 6), which is

now in use in our ongoing clinical trial.

For the weight summary graph (Figure 6-2), our pilot

participants expressed the need for more noticeable weight

changes to enhance their motivation. Suggestions included

providing a zoom-in functionality or reducing the unit range on

the y-axis. To address the issue, we prioritized addressing the

main range of weight changes while avoiding investing significant

engineering effort in handling extreme edge cases. This was

based on the understanding that in realistic scenarios, significant

weight changes do not typically occur in a short period of time.

For dietary intake details (Figure 6-4), we included tailored

feedback based on the total calories consumed, as suggested by

our health experts. For example, if total calories consumed are

too low below the goal, the page displays the message, “Based on

your total calories consumed, you are likely not eating enough.”

Notably, nearly all participants expressed concerns regarding the

delay in data synchronization between MyTrack+ and FatSecret.

To address this issue, we modified our Cloud Functions to

request data from FatSecret’s server whenever the companion

app is refreshed, effectively achieving G1.
5 Findings

We present four general themes identified throughout our

design process.
5.1 Personalized preferences

Design preferences for an mHealth app tend to be highly

personalized, varying from one user to another. Some users

preferred the simplicity of MyTrack+, finding it effective in
the Settings screen. (2) The lower part of our Home screen with summary
. (5) Questionnaires.
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presenting relevant information clearly, stating that, “As it

[MyTrack+] stands now, while there isn’t much on the

homepage, it’s easy enough to navigate with a couple taps to any

of the other information that someone would want to look at. So

I think it’s simple enough as it is now too jumbled to put too

much on the home screen.” (P418). Others, however, felt it

lacked features and complexity compared to the FatSecret app,

stating that, “The goal of [MyTrack+] is to show me that this is

how many calories you’ve eaten during the day. It doesn’t appeal

to me. FatSecret is going to show me my macro breakdown for

the day.” (P427). Some users suggested adding more functionality

to MyTrack+ based on their previous experiences with health-

related technologies, such as providing detailed nutrition

information for specific dietary restrictions and incorporating

features like BMI tracking and water intake monitoring.
5.2 Effectiveness of behavior change
techniques

Users found the process of setting a calorie goal and tracking

their progress toward that goal to be highly beneficial. They

appreciated visual representation of their performance, as it

showed variations in calorie intake on different days, motivating

them to be more mindful of their eating habits. Additionally,

users emphasized the positive impact of the daily weight and

weekly activity tracking features on their self-awareness. They

also stated that these features empowered them to stay

accountable by remembering whether they had achieved their

exercise targets, leading to a positive impact on their adherence

to their health goals. Furthermore, users found the in-app

notification helpful in reminding them to answer questionnaires,

which provided an opportunity for reflecting on health-related

factors. Notably, some users extended their usage of the app and

integrated it as an assistive tool in their daily lives. For example,

one user made connections between their daily weight changes

with their menstrual cycle.
5.3 User agency

Many users expressed their desire for control over how data is

displayed and their need for flexibility to log for previous days. For

example, when asked about the weight graph, one user mentioned

that, “The increments are so minuscule that it looks like I have

effectively no progress when I know I have.” (P457). They then

mentioned, “I did try to see if I could adjust the increments, but

I didn’t see a setting for that.” (P457).
5.4 Expectations in apps and connected
devices

Nearly all users expressed frustration with delays in

synchronization and inaccuracies in data from different sources.

A common practice among many users was to immediately
verify the accuracy of their recorded weight and ensure that data

was correctly synced between MyTrack+ and FatSecret after self-

weighing or logging data.
6 Discussion

We discuss the implications derived from user’s mental models

and reflect on our design process.
6.1 Implications derived from users’ mental
models

Our studies and iterative design process enabled us to not only

gather information about the usability of the app and make design

decisions, but also revealed insights into potential target users’

mental models of how mHealth apps like these should work.

Our observations highlight the individualized nature of user

preferences in mHealth app design, emphasizing the fact that

there is no one-size-fits-all solution (58). This underscores the

importance of adopting a user-centered design approach to

understand the specific needs of the target users. We also

observed that our app design has effectively enhanced users’

motivation, self-efficacy, self-awareness, app engagement, and

adherence to health goals. This echoes previous work on

effectively applying behavior change techniques in mHealth apps

to support users’ health goals (13).

A noteworthy observation is that some participants extended

the use of certain features, incorporating them as assistive tools

in their daily lives. This action of adding flexibility to the use of

MyTrack+ indicates the need of user autonomy for mHealth

apps. In fact, researchers have emphasized the significance of

user autonomy in mHealth technologies (54). Customizable

apps have been shown to enhance user motivation and

engagement by offering a sense of control (55). For example,

systems that allow the user to manually add, edit, or delete

personal health data can promote self-awareness and

accountability (54). Customizable apps can also allow users to

tailor app content to fit personal preferences and goals.

Engaging in such customization can enhance user agency and

increase the consumption of the customized content (55). As

mentioned in our findings, participants expressed their desire

for control over how data are displayed and their need for

flexibility to log for previous days.

In the health IoT domain, interconnected smart devices form a

cohesive system that empowers users to effortlessly achieve their

health goals within their daily living environment. In this

context, it becomes especially important to preserve human

agency by helping users understand and giving them control

over their AI-powered devices. This aligns with the primary goal

of prioritizing issues of fairness, accountability, transparency, and

ethics (FATE) for human-AI interaction (59), specifically

highlighting the importance of providing transparency to

enhance users’ trust in AI-powered health applications. Our

system design, including a companion app, a main commercial
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app, and a smart scale, resembles interconnected smart devices,

offering potential applications in the health IoT field. Users’

expectations for a smooth connection between the two apps and

instant synchronization of data from different sources highlight

their needs for a seamlessly integrated system. More importantly,

trust remains a significant concern for users transitioning from

traditional devices to smart devices, emphasizing the importance

of prioritizing FATE in AI-powered mHealth apps.

While prioritizing users’ specific needs and ensuring human

agency in AI-powered apps, it is equally crucial to evaluate the

cost-effectiveness of additional implementations. Our observation

uncovered users’ legacy bias (60) from their experiences with

other mHealth apps, leading them to expect our research-grade

app to incorporate the comprehensive functionality and aesthetic

of a commercial app. Not meeting these expectations may impact

the app’s usability, but trade-offs were necessary to achieve our

main design goal: effectively supporting the implementation of

our team’s specific adaptive weight intervention and prioritizing

the progress of our clinical trial aimed at evaluating the

intervention’s effectiveness. Constantly revisiting the main

research purposes of the app and involving domain expertise in

the design process are essential to balance this trade-off.

Overall, the implications derived from users’ mental models

emphasize the significance of understanding target users’ specific

needs, applying behavior change theories, providing user

autonomy, ensuring seamless integration and trust in AI-powered

devices, and recognizing users’ legacy bias.
6.2 Reflection on our human-centered
design process

Prior work (61) has demonstrated the effectiveness of including

trained and seasoned experts throughout the design process of an

mHealth app. By incorporating domain experts into the design

process, designers can tap into specialized knowledge, gain deeper

insights into the domain, and create solutions that effectively

address user needs while also meeting domain-specific

requirements. Our findings highlight the importance of

acknowledging that user preferences may not always align with

optimal design choices, particularly when target users may not

possess the expertise in the specific field that the designer aims to

contribute to. In our case, user preferences could have been

influenced by their prior experiences with applications lacking

clinical and behavioral health motivation. Therefore, while

prioritizing the alignment of our design with user needs, we also

consulted with our health experts to maintain adherence to the

current best practices recommended in the weight maintenance field.

The iterative nature of a human-centered design process

facilitated continuous improvement of our app. Through

incremental small changes, we targeted specific aspects of the

app, allowing us to closely identify and address user needs, gauge

the impact of each update, and make necessary refinements. In

our early usability study, we worked with students from our local

university to gather general usability insights and make iterative

improvements before progressing to testing with the target users,
who are more costly and difficult to recruit. We aimed to wait

until basic bugs and obvious usability flaws were fixed before

going to our target user population. Although testing with a

target audience is ideal, testing with students in the domain of

interest (e.g., Computer Science) can still uncover high-level

usability issues that are common across different user groups and

provide valuable insights into the general user experience early in

the design process (49). Specifically, pilot study participants

appreciated the in-app notifications, the ability to access detailed

information by clicking on the graphs, and the numerical data

highlighting calorie differences.

It is important to note that this convenience sampling approach

involves challenges to generalizability. It can be prone to high

sampling bias and hence reduce representativeness (50).

Specifically, since our major goal is to enable efficient research

progress, we adopted Nielsen’s concept of discount usability

engineering (49) by creating real-world scenarios, instead of

conducting an in-the-wild testing. However, a laboratory-based

study may still not fully replicate real-world stress. Furthermore,

when compared to our target user group, the students we

recruited were younger and were not necessarily aiming to

maintain their weight after a certain amount of weight loss. These

differences in demographics and objectives could potentially

introduce biases. As Nielsen (49) pointed out, when testing with

students, researchers should consider whether the system is also

intended to be used by older users. Also, prior work has indicated

that when mHealth services are perceived as personalized, younger

consumers tend to be more receptive to adopting them (62). This

highlights the importance of continuously reassessing our design

goals and critically evaluating whether specific features align with

our objectives. We mitigated potential biases in our design process

by engaging health experts to conduct heuristic evaluations that

follow recommendations from the weight management literature

for each incremental refinement.

Overall, the reflection on our human-centered design process

emphasizes the importance of involving domain experts

throughout the design process because user preferences may not

always align with optimal design choices. We also highlight the

value of working with a non-target population, which is less

difficult to recruit, in the early design phase to address obvious

issues, while considering potential biases stemming from

contrasting preferences between user groups.
7 Limitations and future work

There are several limitations to our work. First, as mentioned

previously, we recruited local university students instead of the

target user group for the initial usability stage. While this decision

had advantages (rapidly advancing the design process), it also

carried the risk of falling to a local optimum without feedback

from target users. To mitigate this risk, we employed mental

walkthroughs of target scenarios during the usability study and

actively engaged health experts in the decision-making process for

refining our design. Future work can consider involving target

users at earlier stages to better tailor designs to their needs.
Frontiers in Digital Health 13 frontiersin.org153

https://doi.org/10.3389/fdgth.2024.1334058
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Chen et al. 10.3389/fdgth.2024.1334058
Second, it is important to note that we did not perform a

comprehensive analysis of the conversations in our semi-

structured interviews and measures of usability from

questionnaire responses. However, the focus of our work was

to effectively utilize an iterative human-centered design

process to implement a companion app that supports the

implementation and evaluation of our adaptive weight

maintenance intervention, rather than developing a

comprehensive mHealth system for weight maintenance for all

cases. Thus, we decided to prioritize the advancement of our

clinical trial for evaluating the adaptive weight intervention.

Future work can conduct a comprehensive analysis of the

conversations in our semi-structured interviews and

incorporate measures of usability from questionnaire responses

to establish generalizable design guidelines on weight

management app implementation, specifically for dual app

use cases.
8 Conclusion

This paper presents the results of a user-centered design

process with iterative evaluation and incremental refinements of

prototypes to develop a companion app for supporting a weight

loss and weight maintenance clinical trial. Our process included

initial design brainstorming with our team of HCI and health

experts, a basic usability study with 17 university students, and a

2-week pilot deployment with 33 target users. Overall, our

project aimed to accelerate the implementation of our clinical

trial on adaptive weight maintenance interventions by leveraging

existing commercial apps and developing a secondary app to

meet our specific research requirements, such as instrumentation

needed to collect relevant data. Our primary focus was on

facilitating effortless activity, food, and weight logging by the

target users. We have also explored strategies to enhance

motivation, self-efficacy, self-awareness, app engagement, and

adherence to health goals, drawing upon behavior change theory

as a guiding framework. We demonstrated the effectiveness of

utilizing an iterative human-centered design process to

implement a companion app for supporting the implementation

and evaluation of our adaptive weight maintenance intervention.
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Background: Generally, the health condition of those with higher socioeconomic
status (SES) is better compared to those with lower SES. The application of
appropriate strategies to reach low SES populations with electronic health
(eHealth) interventions is thus of major importance to reduce health inequalities.
eHealth-studies providing detailed information on recruitment strategies are
scarce, despite the fact that this information is crucial for comparable research
and implementation.
Objective: To provide insight into the reach, sample characteristics and costs of
three pre-planned strategies for recruiting adults aged 50 years and older with
low SES for participation in an online physical activity intervention, as part of a
field study.
Methods: Recruitment took place via (1) invitation letters via a municipality, (2)
gyms and (3) social media advertisements, aiming to include 400 participants.
Additional procedures were followed to reach specifically the low SES group.
Response rates, sociodemographic characteristics and costs per strategy
were assessed.
Results: The highest response was shown for the municipality approach
(N= 281), followed by social media (N= 71) and gyms (N= 45). Ten participants
were recruited via family/friends. The most low-educated participants were
reached via the municipality (N= 128) followed by social media (N= 9), gyms
(N= 8) and family/friends (N= 5). Recruitment costs were with €2,142.37 the
highest for the municipality compared to €96.81 for social media and no costs
for gyms.
Conclusions: Recruitment via invitation letters through a municipality has the
highest potential for reaching low SES participants of the three applied
strategies, although the higher recruitment costs need to be taken into account.

KEYWORDS

older adults, low education, vulnerable populations, eHealth, mHealth
Abbreviations

eHealth, electronic health; PA, physical activity; RCTs, randomized controlled trials; RQ, research question;
SES, socioeconomic status.
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1 Introduction

Socioeconomic status (SES) is a term used to describe an

individual’s affluence or social standing, referencing factors such as

wealth, educational level and occupation (1). The relationship

between SES and health has been well-established, and shows that

the health condition of those with higher SES is better compared

to those with lower SES (2, 3). The influence of SES on health is

closely related to people’s lifestyle which includes health risk

behaviors such as smoking and health promoting behaviors such as

physical activity (PA) (4). Given this, it is remarkable that lifestyle-

related electronic health (eHealth) and mobile health (mHealth)

interventions are often not used by the low SES population (5).

Although challenging, reaching participants with low SES with

electronic health (eHealth) interventions is, particularly in the light

of the current digital era, of major importance to reduce health

inequalities due to SES instead of widening the gap.

An important step for reaching participants with low SES is the

application of well-planned, appropriate and inclusive recruitment

strategies. eHealth-studies providing detailed information on

strategies applied to reach their participants are scarce, despite

the fact that this information is crucial for comparable research.

Available literature on recruitment strategies often focuses on

clinical settings, randomized controlled trials (RCTs), not

specifically on eHealth research and/or the SES group (6–9).

Therefore, the aim of the current study was to provide insight

into the reach, sample characteristics and costs of three pre-

planned strategies for recruiting adults aged 50 years and older

with low SES for participation in an online PA intervention

consisting of three computer-based tailored PA advices combined

with a mobile-based activity tracker (10), as part of a field study.

To accomplish this, the following research questions (RQ) were

investigated: (RQ1) Which recruitment strategy results in the

highest and fastest response?, (RQ2) Which recruitment strategy

is most suitable for reaching the low SES population?, (RQ3)

Which recruitment strategy is most suitable for reaching

populations with a specific gender, age or health status?, (RQ4)

Which recruitment strategy is most beneficial with regard to costs?.
2 Methods

2.1 Participants

The aim for the field study was to include 400 participants aged

50 years and older with a focus on the low SES population,

although other SES groups were not excluded from participation.

An additional aim was that the sample consisted of 200

participants without a (chronic) disease and 200 participants

with a (chronic) disease, since tailoring procedures within the

online PA intervention were optimized prior to the field study

specifically for these subgroups. With this study population

distribution, detailed insights on use and appreciation of the

intervention for subgroups with and without (chronic) diseases

could be obtained, which is described elsewhere [in preparation]
Frontiers in Digital Health 02158
A criterium for being classified into the (chronic) disease group

was that participants were limited in being physically active as a

result of their disease. Additional inclusion criteria applicable to

the total sample were: (1) able to use a computer, laptop or

tablet, (2) having an e-mail address, (3) having a smartphone, (4)

not previously participated in a study of the Active4Life project

(11). Eligibility to participate was assessed during the online

registration procedure. The aim of this paper was to provide

insight into the recruitment strategies applied during the field

study with a specific focus on reaching low SES groups.
2.2 Recruitment procedures

Three different pre-planned recruitment strategies were

deployed parallel to each other, namely recruitment via (1) a

municipality, (2) gyms and (3) social media. These strategies were

selected and considered appropriate and feasible based on previous

eHealth studies conducted within our research group (12, 13).

Firstly, residents aged 50 years and older of three low SES

neighbourhoods in a municipality received a personal invitation

letter by post on behalf of the municipality, VIE (a regional

organization that stimulates lifestyle and vitality) and the

university for participation in the online PA intervention. The

letters were basically the same for all invited residents, but differed

in detail for the age groups 50–64 years and 65 + years. The 50–64

letter focused more on the healthy population, whereas the 65 +

letter focused more on the population with health complaints.

However, in both letters it was emphasized that anyone aged 50

years and older could participate despite any health problems.

Interested invitees could register via internet by entering the

hyperlink stated in the paper-based invitation letter.

Secondly, recruitment took place via gyms affiliated with

project partner NL Actief, the Dutch trade association for sports

organizations. Gyms were invited by NL Actief to participate in

the recruitment procedures based on their location in a low SES

region. Gyms signing up to participate, received an online flyer

to distribute among their (potential) members aged 50 years and

older. Methods for distribution of the flyer were determined by

gyms themselves, although options were provided by the

researchers for guidance. Some gyms included the flyer for

example in their newsletter, whereas others posted the flyer on

their social media channels. Since the flyers were online,

interested people could be directly forwarded to the information

website and registration portal by clicking on the link in the flyer.

The third strategy was recruitment via social media

advertisements on Facebook. In order to reach participants aged

50 years and older with low SES, three targeting settings on age,

educational level and location were added to the advertisements.

With regard to age, the advertisement was only shown to adults

aged 50 years and older. For educational level, the advertisement

was not shown to those who added to their Facebook profile that

they were attending higher education or a master degree or those

who received their higher education certificate, university degree,

master degree or PhD. The advertisements were only shown

within pre-selected Dutch regions based on the number of low-
frontiersin.org
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educated persons living in the area combined with the degree of

ageing (14). Also here, interested people were directly forwarded

to the information website and registration portal by clicking on

the link in the online flyer.
2.3 Measures and statistics

Recruitment method and the sociodemographics gender, age,

educational level and (chronic) disease were assessed during the

registration procedure. Educational level was categorized into low

(i.e., primary, basic vocational or lower general school), middle (i.e.,

medium vocational school, higher general secondary education and

preparatory academic education) and high (i.e., higher vocational

school or university level) according to the Dutch educational system

(15). Participants were classified into the (chronic) disease subgroup

when they indicated during the registration procedure that they were

limited in being physically active as a result of a (chronic) disease.

Performance statistics of social media advertisements such as costs,

reach and clicks on links were derived from the ad center of

Facebook. Information on costs and reach of the personal invitation

letters was provided by the municipality. Chi-squares and one-way

analyses of variances (ANOVAs) were performed to test on an

exploratory level for differences on the above mentioned

sociodemographics between the recruitment strategies (P≤ .05).
3 Results

3.1 Which recruitment strategy results in the
highest and fastest response?

Recruitment via the three pre-planned strategies was

initiated in week 2. The participants that were recruited in
FIGURE 1

Overview of number of recruited participants per week.
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week 1 (N = 2) were reached via social media, likely via

advertisements for previous already completed studies of the

Active4Life project where the same registration portal was

used (11). The most participants were also recruited in the

second week when pre-planned strategies were initiated

(N = 263). Of those 263 participants, the majority was reached

via the municipality (N = 229). In addition to the three pre-

planned recruitment strategies, 10 participants indicated that

they came into contact with the online PA intervention by

family, friends or acquaintances. This unplanned and naturally

developed recruitment method is reported as the fourth

strategy. A schematic overview of the number of recruited

participants per week in total and separated per strategy is

provided in Figure 1. In the third week, 69 participants were

recruited with the majority coming from gyms (N = 29).

Afterwards, the number of recruited participants per week

decreased gradually. With only 1 recruited participant in both

the eighth and ninth week, it was decided that a new action

was needed to boost recruitment. Since only 30

additional participants were needed to reach the planned

sample size of 400, solely recruitment via social media was

boosted through a new advertisement. No new actions were

performed within the municipality and gyms approach, to

avoid an overload of recruited participants. As a result, 37

participants were recruited via social media in the tenth week

resulting in a total of 407 registered adults aged 50 years

or older. No selection of recruited participants was needed to

reach the pre-defined goal of including 200 participants with

a (chronic) disease and 200 participants without a (chronic)

disease. This distribution within the study population arose

naturally during recruitment. The municipality approach

delivered the most participants (N = 281, 69.0% of the total

study population), followed by social media (N = 71, 17.4%),

gyms (N = 45, 11.1%) and family + friends (N = 10, 2.5%).
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3.2 Which recruitment strategy is most
suitable for reaching the low SES
population?

Sociodemographic characteristics of recruited participants in

total and per strategy are shown in Table 1. In total, more low-

(N = 150, 36.9% of the total study population) and middle-

educated participants (N = 149, 36.6%) were reached than

high-educated participants (N = 108, 26.5%). Significantly more

low-educated participants were reached via the municipality

(N = 128, 45.6% of the municipality group) than via gyms (N = 8,

17.8%) and social media (N = 9, 12.7%) (χ2= 50.429, P < .001).
3.3 Which recruitment strategy is most
suitable for reaching populations with a
specific gender, age or health status?

Table 1 shows that with regard to gender, an almost equal

amount of males (N = 142, 50.5% of the municipality group) and

females (N = 139, 49.5%) was reached via the municipality.

Significantly more males were reached via the municipality

compared to gyms (N = 15, 33.3%) and social media (N = 8,

11.3%) (χ2 = 60.546, P < .001). Further, participants reached via

social media were significantly younger than participants reached

via the municipality (mean age of 60.0 vs. 64.0 years) (F = 4.812,

P = .003). Proportionally more participants without a (chronic)

disease were reached via gyms (60.0% of the gyms group), social

media (59.2%) and family + friends (60.0%), whereas

proportionally more participants with a (chronic) disease were

reached via the municipality (54.8%). However, this difference

did not reach significance (χ2 = 7.056, P = .070).
3.4 Which recruitment strategy is most
beneficial with regard to costs?

An overview of the number of participants reached per strategy

in relation to recruitment costs is provided in Table 2. Costs for
TABLE 1 Sociodemographic characteristics of recruited participants.

Municipality N = 281 Gyms N = 45 Social
Gender

Male, N (%) 142 (50.5)a 15 (33.3)a

Female, N (%) 139 (49.5)a 29 (64.4)a

Other, N (%) 0 (0.0)a 1 (2.2)a,b

Age in years, mean (SD) 64.0 (8.6)a 61.7 (8.5)a,b

Educational level

Low, N (%) 128 (45.6)a 8 (17.8)b,c

Middle, N (%) 103 (36.7)a 15 (33.3)a

High, N (%) 50 (17.8)a 22 (48.9)b

(Chronic) disease

Yes 154 (54.8) 18 (40.0)

No 127 (45.2) 27 (60.0)

a,b,cEach superscript letter denotes a subset of group categories whose column propo

*P≤ .05.
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recruitment via the municipality were with a total of €2,142.37

($2,341.06) and €7.62 ($8.33) per yielded participant the highest,

which comprised the letter/envelope-, printing- and delivery

costs for 3,417 personal invitation letters. With regard to social

media, the first advertisement ran for 7 days, cost €48.95

($53.74), reached 7,316 Facebook users and resulted in 167 clicks

on the link leading to the registration website. The second

advertisement ran for 5 days, cost €50.09 ($54.99), reached 5,624

Facebook users and resulted in 179 clicks on the link leading to

the registration website. Total costs for the social media

recruitment were thus €96.81 ($105.79) and €1.36 ($1.49) per

yielded participant. The ratio between the number of potential

participants reached with the strategy and the number that

actually registered to participate was with 8.2% for the

municipality higher compared to 0.5% for social media. No data

were available for the number of potential participants reached

via the other two recruitment strategies.
4 Discussion

4.1 Principal findings

The aim of the current study was to provide insight into the

reach, sample characteristics and costs of three pre-planned

strategies for recruiting adults aged 50 years and older with low

SES for participation in an online PA intervention including an

activity tracker. The accompanying research questions can be

answered based on the results of the study. Firstly, it can be

concluded that recruitment via personal invitation letters through

a municipality results in the highest and fastest response when

compared to recruitment via gyms and social media. The

observed highest reach/registered ratio for recruitment via

the municipality is in line with other studies, showing that the

application of more personalized approaches leads to higher

enrollment rates (16) (RQ1). Additionally, the paper-based

recruitment approach of sending personal invitation letters via

the municipality was the most suitable for reaching the low SES

population based on the strategies applied during the study
media N = 71 Family + friends N = 10 P Total N = 407
<.001*

8 (11.3)b 3 (30.0)a,b 168 (41.3)

63 (88.7)b 6 (60.0)a,b 237 (58.2)

0 (0.0)a 1 (10.0)b 2 (0.5)

60.0 (7.0)a 61.3 (9.5)a,b .003* 63.0 (8.4)

<.001*

9 (12.7)c 5 (50.0)a,b 150 (36.9)

29 (40.8)a 2 (20.0)a 149 (36.6)

33 (46.5)b 3 (30.0)a,b 108 (26.5)

.070

29 (40.8) 4 (40.0) 200 (49.1)

42 (59.2) 6 (60.0) 207 (50.9)

rtions do not differ significantly from each other at the .05 level.
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TABLE 2 Overview number of participants reached in relation to
recruitment costs.

Municipality Gyms Social
media

Family +
friends

Total recruitment
costs

In Euros (€) 2,142.37 0 96.81 0

In Dollars ($)a 2,341.06 0 105.79 0

Potential participants
reached, N

3,417 Unknown 12,940 Unknown

Total participants, N 281 45 71 10

Ratio reached/
registered, %

8.2 Unknown 0.5 Unknown

Costs per participant

In Euros (€) 7.62 0 1.36 0

In Dollars ($) 8.33 0 1.49 0

Low educated
participants

N 128 8 9 5

% of total 45.6 17.8 12.7 50.0

Costs per low
educated participant

In Euros (€) 16.73 0 10.76 0

In Dollars ($) 18.28 0 11.76 0

aValues in Euros converted to Dollars based on exchange rate of 06/20/2023.
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(RQ2).. No paper-based recruitment approaches were applied for

the gyms and social media since only online advertisements were

used. Although the low SES population was thus quickly reached

via the municipality, higher costs were involved for this paper-

based strategy compared to the other completely online

strategies. These higher costs need to be taken into account when

selecting a recruitment strategy (RQ4). Figure 2 provides a

decision tree for selecting the appropriate recruitment strategy in

order to reach populations with specific sociodemographics based

on the relative results of the study (RQ3). In particular, the result
FIGURE 2

Decision tree for selecting a recruitment strategy to reach a specific target
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that relatively a larger amount of males (50.5%) was reached via

the municipality approach is relevant since previous eHealth-

studies have shown that males are more difficult to reach for

participation in lifestyle-related interventions compared to

females (17). The same applies to the findings on educational

level, since low-educated participants are more difficult to recruit

than middle- and high-educated participants (18). The decision

tree guides future eHealth-studies in selecting an appropriate

recruitment strategy.
4.2 Strengths

The application of different recruitment strategies parallel to each

other can be considered a strength of the study.With this method, the

target sample size of 400 participants aged 50 years and older was

achieved within 10 weeks. This is a short period of time when

compared to other eHealth-studies, where problems with reaching

the sample size are frequently reported (19). The fact that

participants received an intervention consisting of three tailored

online PA advices combined with an activity tracker, which they

were allowed to keep after completion of the study, contributed

possibly to quickly reaching the desired sample size. However,

considerations for participants to register were not investigated.

More insight into reasons to participate could be valuable.

Further, the selected recruitment strategies can be considered

successful since the population with low educational level was

reached within this study. In particular, relatively large amounts

of low educated participants were recruited via the municipality

approach. Since the selected municipality has one of the lowest

SES scores within the Netherlands (20), it is expected that also

the low SES population was reached during recruitment. The

additional procedures that were followed within the different
population of adults aged 50 years and older.
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recruitment strategies likely contributed to successfully reaching

the low SES population as well. Among others, recruitment was

deployed in low SES regions and targeting variables were added

to social media advertisements. These additional actions are

considered essential for reaching the low SES population. The

sample characteristics of our preceding RCT underline this need,

since mainly high-educated participants were reached while

applying a more general recruitment strategy [submitted as

Collombon EHGM, Bolman CAW, de Bruijn GJ, Peels DA,

Verboon P, Lechner L: The efficacy of online physical activity

interventions with added mobile elements within adults aged 50

years and over: a randomized controlled trial.], which is in line

with other studies (13).

Lastly, the practical study design of this field study and the

accompanying high external validity can be considered a

strength. Commonly, recruitment studies present results of

experimental study designs (7) which impedes the application of

these results in practice.
4.3 Limitations

During this study, only educational level was assessed as

outcome measure of SES. A more extensive insight into SES

would have been obtained by assessing other factors as well

(1, 21). An example is financial status, although it is expected

that questions related to financial situation are not accepted by

participants, as shown in previous studies (22). Since recruitment

was employed specifically in low SES regions (municipality and

gyms approach) it is expected that the low SES population was

also reached while reaching low educated participants. However,

this assumption should be interpreted with caution.

Further, it should be taken into account that this study was

conducted in the Netherlands. The findings on recruitment

strategies are only generalizable to other countries with caution.

Comparable follow-up studies in other countries are

recommended to confirm or refute our findings.

Although this study provides guidelines for reaching the low

SES population, successful recruitment strategies alone are not

sufficient. After registration, it is important that participants

actually use an eHealth intervention. To encourage this, it is

important that the characteristics and needs of the low SES

population are taken into account during the design process of

an intervention (23). It has namely been shown that this

population faces more frequently low eHealth-literacy which

comprises “a set of skills and knowledge that are essential for

productive interactions with technology-based tools’’ (24–26).

Populations with low eHealth-literacy are often not involved in

research (27). Additionally, the low SES group has different life

situations and eHealth expectations compared to the high

SES group (28). Neglecting these differences during eHealth

design processes can even exacerbate the digital divide and health

inequalities instead of bridging this gap (29).Involving the target

population in intervention design processes presents a

solution for this (30).
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4.4 Future recommendations

Based on the results of this study, future eHealth-studies are

recommended to recruit via personal invitation letters through a

municipality in order to reach the low SES population. It remains

unclear whether solely the sending of paper-based personal invitation

letters, solely approaching the target population via a municipality or

the combination of both was responsible for successfully reaching the

low SES group via this recruitment strategy. Future research could

elucidate this. The degree of personalization could be further

optimized by having contact with potential participants via telephone

or face-to-face instead of sending personal invitation letters. Future

studies are recommended to investigate whether more personalized

approaches yield more low SES participants. However, it has to be

taken into account that this is more time-consuming and costly

compared to solely sending personal invitation letters.

Recruitment via family + friends was not a pre-planned strategy

during this study and arose naturally. Future studies are

recommended to investigate whether a pre-planned strategy via

family and friends through snowball sampling has potential for

reaching low SES participants. Although snowball sampling is

commonly used within qualitative research (31), it might also be

useful for reaching potential participants for participation in an

online PA intervention.
4.5 Conclusions

In conclusion, recruitment via personal invitation letters through a

municipality has the highest potential for reaching low SES participants

of the three strategies applied during this study. However, higher costs

are involved compared to recruitment via gyms and social media.

Revealed insights on the sociodemographics gender, educational level

and health status per recruitment strategy can guide future eHealth-

studies to select appropriate strategies for reaching their specific

target population of adults aged 50 years and older.
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Background: mHealth has increasingly been touted as having the potential to
help Sub-Saharan Africa achieve their health-related sustainable development
goals by reducing maternal mortality rates. Such interventions are
implemented as one-way or two-way systems where maternal clients receive
pregnancy related information via SMS. While such technologies often view
the users (the maternal health client) as having agency to adopt, we know
from pregnancy literature that the pregnancy experience in Africa and other
developing countries is often more collective. In addition to the maternal
health client, other members of the community have high stakes in the
pregnancy, and this often affects maternal healthcare-seeking behavior.
Objective: The aim of this paper, therefore, is to understand the pathways
through which these other members of the community affect mHealth use.
Methods: The study used a qualitative approach and a case study research
design. We analyzed two mHealth cases from Kenya and Malawi. In the
Kenyan case, maternal health clients had mobile phones to receive
pregnancy-related messages, while in the Malawi case, maternal health clients
did not have mobile phones. Data were collected through interviews and
focus group discussions. The study used an inductive thematic analysis to
analyze the data.
Results: The findings show that maternal stakeholders form a community of
purpose (CoP) that plays a crucial role in the implementation, uptake, and use
of mHealth. The CoP influences maternal health clients through a diverse
range of mechanisms ranging from sensitization, bridging the digital literacy
gap and legitimization of the intervention. The nature of influence is largely
dependent on the contextual socio-cultural nuances.
Conclusion: Our results provide useful insights to mHealth implementers to
know how best to leverage the CoP for better mHealth uptake and usage. For
example, engaging healthcare providers could champion adoption and use,
while engaging other family-related stakeholders will ensure better usage and
compliance, encourage behavior change, and reduce mHealth attrition.

KEYWORDS

maternal healthcare seeking, digital health, mHealth, community of purpose, social
capital, mHealth adoption and use, mobile health, mHealth intervention
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1 Introduction

Maternal mortality is still disproportionately high in countries

in Sub-Saharan Africa (SSA) compared to more developed nations.

The risk of a woman dying is estimated to be 1 in 6 in poorer

economies compared to 1 in 30,000 in places such as Northern

Europe (1). Developing countries also account for almost all

maternal deaths, with almost 70% concentrated in SSA alone

(2, 3). The global community has therefore endorsed the

reduction of maternal mortality as a critical development goal–

with an ambitious target of a mortality rate that is less than 70

per 100,000 by 2030 (4).

Concurrently, the proliferation of mobile phones has led to the

rise of mHealth as a potential tool to overcome traditional

healthcare barriers and challenges and to meet health-related

sustainable development goals. mHealth is characterized as health

interventions that employ mobile technologies, including mobile

phones, wearable devices, personal digital assistants, tablet PCs,

and similar devices. For this study, our definition is limited to

the use of mobile phones. The technology leverages the access

and portability of mobile phones to provide healthcare services

to healthcare consumers (5). The maternal health landscape is

filled with projects and studies that demonstrate various

applications of mHealth to facilitate point of care, data collection,

patient monitoring, and the delivery of health information (6–8).

Given the limited technological context of many emerging

economies, most mHealth interventions are implemented to

disseminate pregnancy-related information, as well as reminders

of antenatal care (ANC) visits via short message service (SMS) in

one-way or two-way implementations (9). SMS is also the most

preferred method to ensure the inclusion of both basic and

smartphone users – especially in SSA where approximately 51

percent of mobile phones are smartphones, while 41 percent are

basic mobile phones (10). Most of these smartphone owners live

in urban areas, while the majority of rural mobile owners own a

basic mobile phone (11).

While the use of mHealth shows promise, the first challenge is

that interventions are often designed with a single user in mind –

a perspective that assumes a one-to-one relationship between an

individual and a device such as a mobile phone or a health

tracker (12, 13). However, in most contexts in SSA, the

ownership of devices does not always follow a one-to-one

paradigm. In 2022, the region had a mobile penetration rate of

43 percent (10). This shows that the continent is still lagging in

terms of mobile phone ownership, a problem that is often

addressed by phone sharing. Furthermore, the gender gap in

mobile phone ownership is more pronounced, with women

being 13 percent less likely to own a mobile phone than men

(10). For example, 44.9 percent of men in Malawi own a mobile

phone compared to 37.7 percent of women (14). This gap is

especially significant in rural areas, where only 26 percent of

women own a mobile phone compared to 47 percent of men

(14). In such situations where maternal health clients do not

own a mobile phone, access to pregnancy-related information

can be through a shared mobile phone in which the owners

of these mobile phones can be community health workers
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(CHWs), family members, friends, community members, or

community volunteers (15, 16).

Similarly, even if we were to keep the assumption that all users

have mobile phones, studies of health behavior indicate a trend in

developing countries to seek advice on treatment from elderly

family members (17). In maternal health, the importance of

female relatives becomes particularly pronounced, as authority and

decision making in pregnancy matters are often socially designated

within the female sphere (18, 19). Beyond elderly female family

members, the involvement of partners or husbands is significant

in the pregnancy journey. In a Muslim society, it was observed

that Muslim women were required to seek permission from their

husbands for healthcare decisions (20). As decision makers and

primary controllers of household resources, men play an essential

role in influencing women’s healthcare-seeking behavior (17, 21).

Hence, the second challenge lies in the assumption that the

maternal health user has complete autonomy to use, or not to use

mHealth as would be expected in a more Western context.

These diverse stakeholders that offer social and cultural support

to pregnant women form a Community of Purpose (CoP), a term

that is inspired by the concept of community of practice that

defines a group of people united by a common interest in a

specific domain of knowledge (22). The CoP is defined as a

community of people working toward a common goal, purpose, or

objective (23)—in maternal health, this would be the common

objective of a healthy pregnancy (24). The influence that such a

group has is often based on the tangible and intangible resources

that they share such as shared trust, adherence to group norms

and sanctions. In essence, these define social capital (25). In

broader terms, social capital entails any instance in which people

cooperate for common ends on the basis of shared informal

norms and values–which in the context of pregnancy entail all the

social and cultural beliefs and norms around pregnancy.

Although behavioral health interventions have often focused

on individual-level change, some empirical work has underscored

the importance of social capital to health outcomes (26, 27).

Given that the importance of other community members to

maternal healthcare-seeeking is well established (17, 28, 29), it

seems reasonable to conjecture that these influences go beyond

traditional healthcare-seeking and also influence the use of

mHealth in maternal health contexts. We posited that these

relationships are likely to affect mHealth adoption and use.

Therefore, research on the dynamics of behavior change in

mHealth contexts where social structures such as the CoP are

carried out within other sociocultural realities is needed. This

understanding is particularly crucial, because, as described before,

the pregnancy experience is more collective in Africa than it is in

western contexts. Hence, the objective of this research is to

examine the impact of the CoP as constructed and determined

by gendered norms and sociocultural rules on the success of

mHealth use in contexts where users may own phones and

where they do not. The questions we seek to answer are:

• RQ1: What role does the CoP play in the adoption and use of

maternal mHealth interventions in a Sub-Saharan Africa

context?
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• RQ2: How does the role of the CoP compare between contexts

where users have mobile phones and where they do not?

We used a case study approach to answer these questions with

two case studies from Kenya and Malawi. These countries were

chosen for two reasons: (1) they both still have high maternal

mortality rates and (2) they represent two countries with diverse

mobile phone penetration realities which likely influence the use

of mHealth interventions. While Kenya’s mobile penetration rate

is 117.2 percent, Malawi’s is 57.2 percent (30).
2 Methods

The data used in this paper were part of two larger qualitative

studies that we conducted separately in Kenya and Malawi. Both

studies adopted a case study approach. The Kenyan arm of the

study was completed between January and May 2019. The study

in Malawi was completed between January and August 2020.

This paper reports only on data related to the role of the CoP.
2.1 Study design: context and case
descriptions

The two cases that we focused on in Kenya and Malawi

respectively were the PROMPTS mHealth intervention and

Chipatala Cha Pa Foni (CCPF). Given the diverse realities of

mobile phones described previously, maternal health clients

in Kenya accessed PROMPTS with their own phones.

PROMPTS provided staged pregnancy-related information via

two-way SMS.

In Malawi, the adoption and use of mHealth in rural settings is

hampered by the ownership of mobile phones (11). The price of

mobile phones, even the most basic ones, makes it difficult for

most people in rural communities to afford a mobile phone due

to limited financial resources (31). Other barriers to technology

use include poor battery life of mobile phones, network coverage

problems, and malfunctioning mobile phone keypad (32). The

barrier of non-ownership of mobile phones makes mHealth

beneficiaries use borrowed mobile phones to use mHealth

interventions. In Malawi therefore, CCPF was targeted at both

women with, and without phones. For the purpose of this study,

we were interested in how the women without phones in Malawi

used mHealth. The following subsections elaborate further on

these two case studies:
2.1.1 Case study 1: PROMPTS Maternal mHealth
Intervention—Kenya

PROMPTS was initially developed as a postnatal checklist

intervention that community health workers were responsible for

administering to women after birth, with the aim to encourage

the uptake of postpartum care services (33). However, due to the

limitations of in-person home visits in a staff-constrained

environment, the program evolved into a mobile phone SMS

service to reach more women. The postnatal checklist messages
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were adapted for use as SMS. The messages were also further

developed and refined in consultation with the maternal health

clients who participated in Focus Group Discussions (FGDs).

These sessions aimed to solicit details of the information that

women felt they needed after delivery. This was combined with

information prioritized by the healthcare provider which they

considered pertinent throughout the pregnancy continuum.

The emerging version of PROMPTS was implemented as a toll-

free text messaging platform to send staged messages and was

combined with a clinician-supported helpdesk to answer

questions. Messages were periodically adjusted based on maternal

health clients’ feedback and common questions. At the time of

the study, the program had since expanded to four other

counties (administrative locations in Kenya) had enrolled more

than 25,000 women and answered more than 30,000 questions.

To create awareness about the intervention, the PROMPTS

implementers put up posters in the waiting bays at the respective

facilities. Periodically, specific personnel who had been employed

by the mHealth implementers visited the facilities to conduct

information sessions where they explained to women how the

intervention worked and helped those who were interested to

register. Registration was done by sending a toll-free SMS with

the word ‘MIMBA’ a Kiswahili word for pregnancy, to a specific

short code.

2.1.2 Case study 2: the CCPF maternal mHealth
intervention - Malawi

The Chipatala Cha Pa Foni (CCPF) intervention which

translates to “Health Centre by Phone” in Chichewa was

implemented to provide maternal health clients in Malawi with

pregnancy tips and reminders. In addition, women could call a

toll-free hotline for health information and advice (34). Like

PROMPTS in Kenya, CCPF was open to pregnant women, and

mothers of infants or children below five years of age who used

CCPF while pregnant. At the time of the study, CCPF had

enrolled more than 7,500 women and answered more than 2,000

calls per month. Maternal health clients registered for the

intervention using their mobile phones, while those without

mobile phones registered using mobile phones of family

members, community members, or community volunteers. The

intervention provided mobile phones to community volunteers,

who served as agents of the intervention in their communities.

The community volunteers trained the women who did not own

mobile phones, on how to access the interventions using the

project’s mobile phones. At the time of the study, CCPF was

available country-wide and owned by the Malawi Government.

More details of the operations of CCPF can be found in (16).
2.2 Sampling and recruitment

We used purposeful sampling to recruit study participants. We

sampled 40 respondents in Kenya and 31 respondents in Malawi.

In Kenya, maternal health clients were recruited by visiting local

health facilities, and in addition to participating in interviews,

those who agreed to participate in the FGD were also enrolled
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for the same. In Malawi, two CCPF volunteers were contacted to

refer women who accessed CCPF via their phones. Consenting

women were contacted mostly through their husbands phones

since the women did not own any phones. Similar to Kenya,

some women agreed to participate in both interviews and FGDs.

To recruit partners, the researchers reached out to the

husbands of consenting women to ask if they were interested in

participating in the study. Partners to women in Kenya

participated in the FGD only, while in Malawi, partners were

interviewed. Although we provide complete sample information

for all study participants in Kenya and Malawi Tables A1, A2,

we have focused the demographic information on the various

individuals who constituted the CoP in the two mHealth

contexts Tables A3, A4.
2.3 Data collection

Both studies adopted a variety of methods to collect data.

However, for this paper, we used data from qualitative interviews

and FGDs with various stakeholders in the maternal health

context. All interviews lasted 45–60 min, and we audio-recorded

them with permission from the participants. The FGDs with 5-8

participants lasted for 60–90 min. Interviews and discussions

were conducted in the respective languages: Kiswahili and

English in Kenya and Chichewa and English in Malawi. We

piloted all data collection instruments with respondents similar

to the participant sample and made relevant changes to enhance

the clarity of the questions. We do not report on the pilot data

in this paper.
2.3.1 Interviews
Researchers from Kenya and Malawi designed the interview

questions for their respective countries. In Kenya, the interviews

with maternal health clients centered around the following topics:

• their decision-making and considerations to use PROMPTS

• their healthcare-seeking behavior and practices before and after

registering for PROMPTS

• what roles other community members played during pregnancy

In Malawi, the interviews with maternal health clients covered

the following topics:

• maternal clients’ motivation to use borrowed mobile phones to

access the intervention

• cultural issues surrounding pregnancy especially when using a

borrowed mobile phone

• the maternal clients’ relationship with mobile phone owners and

the other type of support the mobile phone owners offered to

maternal clients

• what roles other community members played during pregnancy

The remaining stakeholders in Malawi, that is, community

volunteers, members, and health officials, were engaged on the

following issues: why they lend maternal clients their mobile

phones to use the intervention, what else they did to support

maternal clients when using their mobile phones, and how they
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influenced maternal clients to use the maternal mHealth

intervention (Appendix A).

2.3.2 Focus group discussions
The partners of the maternal health clients in Kenya

participated in a group discussion where the questions centered

around the following themes (Appendix B): their perceptions and

attitudes about women using the mHealth intervention, their

beliefs and perceptions about pregnancy care and support for

pregnant women, as well as their perceptions on the impact of

the SMS intervention on women’s lives.

The FGDs with the maternal health clients in Malawi centered

on how they used the intervention. The FGDs in both cases were

useful in gaining additional insight into culture, social norms,

values, and power relationships with respect to maternal

healthcare and pregnancy.

2.3.3 Data collection procedures
We sought informed consent before all interviews and FGDs

that were conducted in a private space. For the FGDs, the

researchers explained the limitations of group confidentiality, but

encouraged participants to maintain this confidentiality beyond

the meeting. We also assigned pseudonyms to all users to

enhance their confidentiality. We were aware of the risk of

interviewing pregnant women, that there could be an emergency

during interviews and FGDs. Thus, in Malawi, we did not

include pregnant women in our sample. However, in Kenya,

where most of the maternal health participants were pregnant or

early postpartum, the interviews were conducted in a private

space at the health facility where the women visited for antenatal

care (ANC) or at their homes if they preferred.
2.4 Data analysis

The researchers translated and transcribed any non-English

data into English. We deidentified all data before analysis as an

extra precaution in case participants’ personal information had

been captured in the course of the study. The transcripts were

then uploaded to Nvivo 12 for analysis. We employed an

inductive approach (35) to find patterns in the data (codes)

following which we grouped these into higher-level themes and

sub-themes (Table 1). Given that the original studies were

completed at two different times, the respective researchers

individually coded the data with frequent discussions with one

other joint researcher to discuss emerging themes and to

consider alternative interpretations. These peer discussions

helped limit researcher bias. The final themes from this analysis

process have been presented in the findings section with selected

supporting excerpts of respondents’ verbatim quotes. The

deidentified verbatim excerpts are presented using the following

pseudonym structure: “CaseTypeofParticipant numeric number,”

for example, PROMPTSClient1.

The two studies adopted Lincoln and Guba’s (36) model of

trustworthiness to ensure rigor. In addition to triangulating the

data collection methods, we adopted peer debriefing with a
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TABLE 1 Themes and their descriptions.

Main theme Sub-theme Description
Persuasion The action of encouraging someone to do

something

Persuasion factors Obeying
authority

Tendency people have to try to please those
in charge

Maintaining
harmony

The act of avoiding fighting or arguing but
rather living peacefully

Peer influence Doing something because your friend or
other people in the community are doing it

Training Teaching or developing other people’s
technical mobile phone usage skills

Technology access Making a technological device such as a
mobile phone available to someone

Sensitization The process of letting someone know about
an event or things that are happening in a
community

Technology
legitimization

The act of checking if the information is
aligned with the Ministry of Health
information of someone’s country
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senior researcher to review the inquiry process and cross-check

inferences from the data analysis process. We also provide the

study context and case description to ensure transferability to

other similar contexts.
2.5 Ethics approvals

Both studies were conducted in one institution. Therefore, we

obtained both institutional and national ethics approval before

data collection. In Kenya, we obtained permission from the

Amref Research Ethics Committee as well as from the National

Council of Science and Technology (NACOSTI). In Malawi, we

obtained permission from the Malawi Ministry of Health and

Balaka District Health Office. Furthermore, we obtained ethical

clearance from the National Health Sciences Research Committee

(Malawi). We also sought permission from the intervention

implementing agencies in both countries to use these

interventions as case studies.
3 Results

We interviewed both maternal health clients and various

members of the community that make up the maternal health

CoP. These include other family members, community members,

community volunteers, and health surveillance assistants (HSAs).

Tables A3, A4 shows the demographic characteristics of CoP

members in the two countries. Our analysis resulted in 5 major

themes that highlight how the CoP influences maternal

healthcare clients to use maternal mHealth interventions. The

five mechanisms that we find are:

1. Persuading maternal clients to use the intervention

2. Training maternal clients on how to use digital health

intervention

3. Provision of mobile phone access to maternal clients and
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4. Sensitizing maternal clients about the interventions

5. Legitimizing the intervention by corroborating the health

information

We further find that certain factors mediate the role of the CoP as

illustrated in Figure 1. Persuasion was further mediated by factors

that, in combination with trust between maternal clients and

members of the CoP, played a role in influencing the use of mHealth.
3.1 Persuading maternal clients to use
mHealth

Maternal clients in this study were convinced to register for

mHealth interventions by other members of the community,

such as HSAs, community volunteers, and their husbands.

Although maternal clients in Malawi were persuaded to use the

CCPF mHealth intervention by HSAs and community volunteers

who visited them at their homes or met at social gatherings in

their communities, the persuasion of women in Kenya happened

through the implementation representatives of the intervention

who visited the health facilities to provide information sessions.

“We had to convince [maternal health clients] that the

intervention was legitimate and that it is something approved

by the county… their trust issue, they said, was that different

people, or conmen or scammers send them messages

[referring to general mobile phone scams] of which they

don’t know if they are true or not.” [PROMPTSInformant 3]

Persuasion is a fundamental element in changing human

behaviour and attitude. During persuasion, maternal clients were

informed about the mHealth intervention and its benefits, which

in turn led to a willingness to adopt.

“I joined [CCPF] because of the advice I received from the

HSA, that I can be helped while at home. Also, I can be

listening to messages about my pregnancy…and when I

deliver; I can also follow how my baby is growing”

CCPFClient 13.

PROMPTSClient 20 said: “What motivated me to register was

that I might be in the house, and I encounter a particular

challenge, and maybe I don’t have money at that moment…

to reach the hospital. [So], while I am sitting in my house, I

can send a message telling them I’m experiencing this and

the other.”

The findings also indicate that before the CoP could encourage

mothers to use mHealth interventions, they themselves had to be

convinced of its perceived usefulness. For example, in the case of

the mHealth intervention in Kenya, one partner referring to the

wife said: “I was very happy because she told me that she knew

about [the intervention] at the hospital and that made me

comfortable because I knew that the hospital could not put up

posters if the information was not genuine” PROMPTSMenFGD.
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FIGURE 1

Community of Purpose framework for influencing mHealth intervention use.
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Previous research (9, 37) has shown that when such health

interventions are associated with a trusted entity, they engender a

higher level of trust for both the CoP and the maternal health

client and subsequently encourages adoption. One participant

said “My husband asked me about these messages. I told him it’s

something like an online clinic through our phone, and that the

doctors were from XYZ Hospital. And then he said it was okay.”

PROMPTSClient 10. In both Kenya and Malawi, the health

facilities, healthcare providers and community volunteers

represented trusted entities as seen in what one participant

shared: “I remember that my husband was concerned [about me

meeting you]. ‘Where will you be meeting?’ I told him that it

would be at the hospital. And he said that was okay”

[PROMPTSClient 15].

Trusting the intervention subsequently influenced the the

actions of other stakeholders. A partner to one of the women

explained how the mHealth intervention changed their

perceptions and behavior. “The other thing is about nutrition,

because maybe we had that old mentality about what pregnant

women should eat, but now after interacting with this SMS

service, you get to know other nutritional meals that pregnant

women can eat” PROMPTSPartner2.

We identified three persuasion factors through which

persuasion operates: (i) obeying authority, (ii) maintaining

harmony, and (iii) peer influence.
3.1.1 Obeying authority
Our findings highlight that maternal health clients in both

Kenya and Malawi easily deferred to figures in positions of

authority. For example, since HSAs and healthcare providers

were generally considered highly respected, maternal clients

accepted and appropriated CCPF and PROMPTS when

recommended by these higher figures. One key informant

explained this better. “If a provider tells [the mother], you’re

good, go home, it’s unfortunate that still very few people can

oppose a provider or give their own opinion even if they feel it’s
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not right. . .” [PROMPTSInformant 1]. The power wielded by

healthcare providers was also captured by PROMPTSClient21

who said: “[My husband] used to tell me to go to the older

woman and then I asked in the SMS and they told me that

wasn’t useful, the doctor has the ability� � � [my husband] just

agreed and said that the doctor is educated than the older women.”

The male partners in the study corroborated the idea of

submitting to authority. In addition to healthcare providers,

other stakeholders, such as older women, also exercised

authority. These women generally provided care and oversight of

a woman’s pregnancy, their advice was usually upheld. “We get

[information] from those [older mothers] who have delivered

and know more than you. Maybe they have other children and

they have experienced this before and so they know what you

don’t know” PROMPTSClient13. The men in FGD in the

Kenyan case said that when it came to pregnancy-related advice

that was given by these older women, they “Did not [question]

the reasons, but followed the [advice] because there could be a

reason why and you don’t want to go against what you have

been warned” [PROMPTSMenFGD].
3.1.2 Maintaining harmony
Some maternal health clients were forced to use interventions

because they wanted to maintain harmony with the respective

members of the CoP. “My husband did the registration, so I didn’t

know what they were talking about. However, when the messages

came, we were reading them together. . .” [CCPFClient 1]. Such

compliance to maintain harmony may have been necessitated by the

fact that most of the maternal clients depended on their partners for

financial support. The women in the FGD group in Kenya said:

“They [husbands] are the heads of the family, and we need financial

assistance, so you inform them so that they can give you money.”

“We’re finding that the [husbands] are the ones who are

ensuring that the woman is eating the right diet during

pregnancy because most of the times husbands are the providers,

especially in our setting. . . where most women stay at home, and
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the husbands go to work. So, they’re basically the providers”

[PROMPTSInformant 1].

3.1.3 Peer influence
Maternal clients were convinced to use CCPF and PROMPTS

because other women were using it. One participant shared that

she saw other maternal healthcare clients using CCPF and heard

about other maternal clients’ experiences with CCPF which was

good. This is similar to findings of other studies who found that

mentors and role models in communities have the potential to

persuade other users to accept and use the mHealth intervention (38).
3.2 Training maternal clients on how to use
the mHealth intervention

During the feasibility study before CCPF was implemented,

the project implementers found that the women in Malawi had

lower literacy than their male counterparts (39). Hence,

community members were trained as community volunteers so

that they could provide training to maternal clients on how to

use the intervention. Training maternal clients on how to use

the mHealth intervention promoted social learning and social

acceptability of the intervention among members of the

community. With the lack of digital skills likely to

disproportionately affect users without technologies such as

mobile phones, such community-enabled digital skills training

was central to mHealth adoption and use. Thus, training these

maternal clients on how to use CCPF on a mobile phone was

the first step to influence the use of the mHealth intervention.

Otherwise, the non-usage of mHealth interventions could lead

to their failure to achieve their purpose (40), which is to

improve the maternal healthcare-seeking bahavior.
3.3 Technology access

Maternal clients who stand to benefit from mHealth could be

disproportionately disadvantaged by the lack of mobile phones.

Access to a mobile phone is an important prerequisite for the

success of mHealth use. Although maternal clients in Malawi

did not own mobile phones, they accessed a mobile phone

through family circles such as their husbands and mothers-in-

law, as well as community volunteers and community

members. “For CCPF, I use the community member’s mobile

phone. I dial the CCPF number myself and I can talk to the

hotline worker. I can talk privately on the mobile phone. I am

used to this mobile phone for CCPF because this mobile

phone is always available to me. . .” [CCPFClient 15].

A community volunteer mentioned that her mobile phone was

available for maternal clients to use for CCPF and she even visited

registered and unregistered maternal clients to see if maternal

clients needed to use her mobile phone to access CCPF. Another

volunteer mentioned that after the mobile phone that she was

given during the pilot phase of the intervention malfunctioned,

she bought another phone and continued her role as a
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community volunteer in her village. “The mothers live far from

where I live, so I just choose a weekday that I can visit the

mothers. . .” [CCPFCommunity Volunteer 1].

One CCPF community member, a wife of a village headman,

said she allowed maternal clients to use her mobile phone to

access the intervention. In the rural context of Malawi, a

village headman presided over various aspects of life,

especially cultural and social issues in the community (41).

Village headmen were also expected to advise and support

their community, as well as to implement policies handed

down from the national level (42).
3.4 Sensitizing maternal clients

In the case of CCPF, community volunteers and HSAs were

mandated to sensitize maternal healthcare clients about the maternal

mHealth intervention in their communities. Community volunteers

paid special attention to maternal clients who did not own a mobile

phone to alert them about CCPF. “The health counselor in the

village told us that there is CCPF, and you can call them anytime to

ask about any pregnancy-related problems. . .” [CCPFClient 8].

Furthermore, husbands of maternal clients attested that when they

received an SMS about CCPF, they informed their wives about it. In

this study, male participation in maternal-related issues was more

prevalent, especially in sensitizing maternal clients about CCPF and

persuading maternal clients to use CCPF.

In the case of PROMPTS, the sensitization was performed by

PROMPTS personnel who visited the specified clinics on certain

days of the week to explain the intervention to the waiting ANC

clients while encouraging them to enroll. In this case, these personnel

also helped reduce any uncertainties by explaining to the women

what the intervention was about and explaining that it was free to use.
3.5 Technology legitimization

The CoP facilitated the legitimization of the mHealth

intervention by offering a means for maternal health clients to

corroborate the information they received from both PROMPTS

and CCPF. Given the diverse uncertainties around pregnancy

emanating from the cultural context, maternal healthcare clients

established the credibility of pregnancy-related information to

establish trust. They achieved this by comparing the mHealth-

related information with the advice of trusted stakeholders,

including trusted older female relatives and sometimes healthcare

providers, when they attended ANC clinics. The legitimization itself

was achieved by: (i) Comparing new information with existing

knowledge and (ii) Comparing information across multiple sources.

Legitimacy is defined as “a generalized perception or assumption

that the actions of an entity are desirable, proper, or appropriate

within some socially constructed system of norms, values, beliefs

and definitions” (43). The women determined the reliability of the

information against a priori knowledge. “At times there are some

questions you sort of already have the answers to, but you just ask

to make a comparison” [PROMPTSClient 27]. When one
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trustworthy source was not available, the women established the

credibility of the information by comparing across multiple

sources: “I had two sources of information, the SMS and the

doctors at the clinic. After receiving the messages I would verify

some of that information by asking the doctor the same questions,

which led to total trust because I saw that the information was

accurate” [PROMPTSClient 10].

Other researchers (44, 45) have noted similar behavior of

health clients engaging multiple sources of information and care-

seeking to address health concerns.
3.6 How does the role of the CoP compare
between settings where users have mobile
phones compared to where they do not?

Our findings show that the CoP plays an important role both

when users have a mobile phone and when they do not.

However, the exact nature of their role is sometimes dependent

on the unique circumstances of the maternal clients. For

example, in Malawi where mHealth users did not have phones,

in addition to providing technology access, the CoP sensitized

women on the existence of the intervention and acted as

important influencers to adoption and use. Thus, the CoP played

a more direct role. In Kenya, where women already had phones,

the CoP had a more indirect influence. For example, by

providing opportunities for women to corroborate the

information they received from the mHealth platform, CoP acted

as indirect facilitators of adoption. We therefore observe that

although the specific mechanisms of the CoP’s influence varies

between contexts, their centrality within the mHealth

appropriation and use domain remains the same.
4 Discussion

The research community has called on the need for studies to

provide a detailed understanding of how social capital can be

manipulated to influence health results (46). We evaluate the role of

the community of purpose as a vehicle through which social capital

can manifest. The findings of this study suggest that CoP played

different roles in influencing maternal clients to use maternal

mHealth interventions. Collectively, we draw three important lessons

from our findings: (1) The extent of CoP influence is inextricably

linked to the cultural context, (2) The involvement of the CoP

catalyzes health behavior change by providing multiple layers of

influence, and (3) While the CoP as a whole is central to maternal

health, the respective constituents do not wield equal power.
4.1 Lesson 1: the degree of influence of CoP
is inextricably linked to the cultural context

In collectivist cultures, the community is valued over the

individual. “Umuntu ngumuntu ngabantu” which loosely

translates as “[a] person is a person bacause of other people”
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(47) gives priority to empathy, caring and understanding, and

the contributions of individuals in a community are valued and

cherished (31). Furthermore, sharing and neighborly assistance are

part of an African identity (48), and are attributed to the Ubuntu

philosophy practiced in the communities we studied. Although

project implementers in Malawi encouraged maternal clients to use

their family member’s mobile phones, as well as friends’ mobile

phones, this practice was acceptable due to the Ubuntu value

system. These contributed to establishing an inclusive community

that helped promote the participation of all members of the

community and create a sense of belonging (49, 50). Inclusive

communities acknowledge that all members of the community,

including the marginalized, should participate in everything that

happens in their community (51). The most important thing in an

inclusive community is to recognize that people have different

needs and that diversity should be valued (51). Therefore, inclusive

communities played a vital role in identifying and removing

barriers to community participation. When communities are

inclusive, sharing of resources, such as mobile phones, helps to

reduce the digital divide gap (52), thus making mHealth

interventions work in resource-constrained communities.

In addition to the Ubuntu value system that facilitated certain

sharing-based technology outcomes, the persuasion factors are

rooted in culture. Obedience to authority, seeking harmony, and

peer influence are dependent on aspects of culture such as power

distance and norms in collectivist cultures. Hence, we do not

expect that the same influence factors will work in the same way

in, say, more individualistic cultures.
4.2 Lesson 2: the CoP acts as agents of
change in the context of maternal mHealth
interventions

By influencing the use of mHealth among the women, offering

training, increasing the accessibility and reach of mHealth and

facilitating the legitimization of mHealth for continued use, the

CoP acts as agents of change. It has been previously noted that

the low literacy of maternal healthcare clients inhibits maternal

mHealth intervention designed for poor-resource settings

(53, 54). ICT capabilities are essential for the uptake of many

digital technologies including mHealth interventions. In this

study, to promote ICT usage skills, community volunteers

trained maternal healthcare clients on how to access CCPF using

a mobile phone. By providing the technology by which women

could have access to maternal health information, the CoP

played an important role of being infomediaries.

Maternal mHealth interventions also translate to desired health

outcomes only as health-related advice is followed. InMalawi, CCPF

community volunteers visited maternal clients in their homes to

inform and encourage its use. In Kenya, once legitimized and

women’s use of the intervention became a culturally appropriate

behavior, other members of the CoP were able to facilitate follow-

through with information that would previously be impossible,

such as those related to food taboos that husbands would not

purchase for their wives. Other studies have similarly shown that
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various actors play an important role as agents of behavior change

(55, 56). Community members are particularly effective because

they live within the proximity of maternal clients. This means that

they can more easily monitor the behaviors of their maternal

healthcare clients to ensure that they are following the information

appropriately. Other studies have called these CoP members

’watchdog-oriented community members’ because they play an

important supervisory function in society by monitoring the

health of consumers in their communities (57).

Similarly, initial trust is necessary for the adoption of maternal

mHealth services, especially given that the maternal healthcare-

seeking context contributes to the increased liability for the newness

of new interventions which negatively impacts adoption (24, 37).

Various design and implementation characteristics that help

minimize perceived risks and uncertainties about using a new

mHealth intervention can help to engender initial trust (37). By

providing an avenue through which women legitimize the

intervention and therefore overcome uncertainties related to the

newness of the intervention, the CoP acted as agents of change to

increase adoption.
4.3 Lesson 3: although CoP as a whole is
central to maternal health, the respective
constituents do not wield equal power

The findings confirm that the CoP is central to the experience of

using maternal mHealth interventions. However, we find that CoP

members play different roles, and we posit that some of these

differences arise from their respective social capital as individual

constituents. For example, health care workers wield more power

as “gate-keepers” of medical care based on their expertise, training,

and education. However, older women provide emotional and

domestic support during pregnancy, and the power they exercise is

based on age and perceived experience with pregnancy-related

issues. Finally, other stakeholders like partners are often

considered the main heads of their households, decision makers,

and financial controllers. Some of these roles have been

highlighted before in literature on maternal health, but our study

illustrates that these different aspects come together to form a

complex web of dependencies that influence mHealth usage. In a

sense, we show that these aspects of power and social structures

also translate to the adoption and use of digital health technology.
4.4 Study limitations

Although we had planned to engage a diverse group of other

members of the community closely involved in woman’s

pregnancy in Kenya such as their female relatives: mothers,

grandmothers and mothers-in-law, this was not possible because

most women in the urban areas lived away from their next of

kin most of whom were in their rural places of origin. We

believe that a broader range of insights from these key

stakeholders would be valuable in enriching the findings of this

study. The context of pregnancy may also be nuanced when
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compared to other health domains, and therefore we claim no

generalizability of the findings to other areas where change in

health behavior may be a desired outcome. Other limitations

relate to the inherent nature of qualitative research. First, given

the small sample size, our results may not be generalizable to

entire populations of maternal mHealth users. Second, some

nuances may also have been lost in translation of the interviews

between the languages, which we mitigated by having the

researchers from Malawi and Kenya do the transcription to

English. Third, the self-reported nature of the interviews may

add additional biases. However, we believe that the participation

of multiple participants facilitates a better triangulation and

validity of the findings.
5 Recommendations and future
directions

Our study offers an in-depth understanding of the centrality of

other community members in the context of a woman’s pregnancy

(which we have referred to as Community of Purpose -CoP) in the

adoption and use of digital health technologies among maternal

health clients. The cases we have drawn from are maternal health

interventions that were implemented in Kenya and Malawi among

low socioeconomic women and among women without phones,

respectively. Our study is qualitative and we do not make any

claims on generalizability of the findings. However, we hypothesize

that the insights generated may be relevant to other African

countries that share similar contexts both economically and culturally.

We offer the following two recommendations.
5.1 Recommendation 1: design and
implementation of mHealth and other
similar digital health technologies with the
different roles of the CoP in mind

The study underscores the need for implementers and

developers of such technology to consider more holistically the

various relationships and the different roles they play and

design and implement technology in a manner that will

maximize on outcomes by leveraging their respective roles and

minimize unnecessary adoption and usage challenges. For

example, in the CCPF, the recruitment and training of

community volunteers proved to be invaluable. Although this

may have been necessary due to the unique context of mHealth

users without phones, we posit that this would be equally useful

in contexts where users have phones. The findings of both cases

demonstrate that associating mHealth interventions with an

entity that the community already trusts (for example, hospitals

and healthcare workers) contributes to the initial legitimization

of mHealth interventions, which facilitates the adoption of

mHealth. Since the CoP is also central to legitimizing

information by offering a means for maternal health client to

corroborate the information they receive, involving them in the

design and implementation of digital health interventions will
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prove extremely useful in contexts such as those presented in this

study. Although the involvement of healthcare providers in the

implementation of mHealth can be beneficial in encouraging

adoption, it has potential drawbacks. Patient dissatisfaction with

providers involved in health interventions could negatively

affect their use. Possible solutions involve managing the

intervention’s operations independently, but involving

healthcare workers to create awareness. This will also ensure

that providers in resource-constrained settings do not feel

burdened by the additional processes of an intervention, and

allow patients who prefer the anonymity of mHealth

interventions to leverage on such affordances. Involving other

CoP members, such as volunteers for women without phones,

would also have to think about how to increase motivation.

This might entail some form of compensation for their time as

seen in Larsen-Cooper et al., (58). Given that our study was

limited to the domain of maternal health, we encourage other

researchers to explore the role of the CoP in other health

domains and for various health outcomes.
5.2 Recommendation 2: conduct further
research to establish when group targeting
of interventions is beneficial to individual
targeting

Given that many maternal healthcare-seeking behaviors occur

within the purview of social and cultural norms within the

society, interventions at the relevant community level might yield

more significant outcomes than individual-focused interventions.

Our research supports the idea of group (CoP) targeted

interventions in maternal health in Africa. More empirical

research would be useful in establishing this. Future research

could contribute to building a tool that can be used for context

assessment and as a guide to know when and where group or

individual targeting would be more desirable.
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Appendix A. FGD interview questions
for the CoP in Kenya

The questions below will be used to engage the SOs to gain

further insights on power dynamics and decision making

process in the mHealth environment that affect utilization of

mHealth interventions

Describe your understanding of the pregnancy experience:

• What is the definition of a good/successful pregnancy

experience?

• What rules and guidelines exist in your community/family/

society to make this goal possible?

Please share about the traditional methods/your previous ideas

of pregnancy-related support

• Before learning from the SMSs or from the health facility, what

were your ideas on:

– the role of the healthcare provider during pregnancy

– when a pregnant woman should start seeing the
healthcare provider

– how many visits to the doctor during pregnancy?

– the procedure for having her pregnancy related questions

answered: who can she talk to and what informs who

she can talk to?

• When in the pregnancy are these people involved? (pregnancy

stage or circumstances necessitating involvement)

– Among the people who can be involved, who is
TABLE

Popu
and s
size (

Study
proce

Fronti
responsible for what?
• Who is responsible for the decision of when, where and how a

pregnant woman seeks care and support? (if not husband, what

is the role of the husband in this decision making process?)

• What is the decision making role/authority based on?

How else can a mother within your society achieve a successful

pregnancy?

• What is the role of other alternative sources of care like TBAs in

the pregnancy care system?

• What do think about your partner following all that the

intervention prescribes? Are there things you felt it necessary

to seek a second opinion to confirm what you received from

the SMSs?

• Please describe what you see as your role in the decisions

regarding following/adhering to what the intervention though

the SMSs would prescribe.
A1 Study sample information for PROMPTS intervention.
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What challenges have you experienced with the used of the

SMS service for pregnancy support? (Any conflicts in the nature

of information, the asking/answering of questions etc.)

• How agreeable are you to her following everything the

intervention says?

• Please describe your process of resolving conflict if what the

SMS says is different from what you knew before.

How do you feel the SMS program has changed the healthcare

seeking experience for you and your partner?

• Did the use of the SMSs by your partners change your place and

role in the healthcare seeking decision making process? How?

How did you feel about this?

• How did the SMS program change your involvement and

engagement with the pregnancy?

• How did the SMSs change your interaction with the healthcare

providers?

How else would you say the SMSs have transformed the

pregnancy experience for you as a partner?
Appendix B. Semi-structured interview
for the CoP (mobile phone owners) in
Malawi

The questions below will be used as a guide for the interview

with mobile phone owners (CHWs, family members, friend). The

question may be rephrased and probed in various ways.

Relationship with the maternal healthcare client

1. What is the relationship with the maternal healthcare client?
TABLE

Popula
and sa
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Study
proced
a. Client

b. Mother

c. Wife

d. Friend

e. Other
2. Besides the intervention, what other purposes do you allow

people to use your phone?

3. How do you decide which people to use your phone?

4. How long is the maternal healthcare client being using your

phone?

5. What other roles did you do to make sure that mothers use the

intervention?
A2 Study sample information for CCPF intervention.
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TABLE A3 CCPF CoP demographics.

Mobile phone
owner

Age Gender No of maternal clients
who used the phone

Husband 1 39 M 1

Husband 2 20 M 1

Husband 3 37 M 1

Husband 4 37 M 1

Mother-in-law 1 35 F 1

Community volunteer 1 42 F 8

Community member 1 43 F 7

Officer 1–3 – M –

TABLE A4 PROMPTS CoP demographics.

Respondent Partner
to

Age Education Work
status

Partner 1 Mother 20 27 Primary Casual laborer

Partner 2 Mother 24 29 Primary Casual laborer

Partner 3 Mother 17 35 Tertiary Teacher

Partner 4 Mother 12 30 Secondary Self employed

Partner 5 Mother 9 28 Secondary Casual laborer

mHealth officials 1–3 – – – –

Healthcare providers
1–2

– – – –

Sowon et al. 10.3389/fdgth.2024.1343965
Motivation to let the maternal healthcare client their mobile

phone

6. Why do you allow maternal healthcare client to use your phone?

7. Describe the process how maternal healthcare client asks to use

your phone?

8. Describe the process how someone asks to use the phone for

normal use?
Frontiers in Digital Health 13177
Benefits and challenges

9. Why do you think other people do not allow maternal

healthcare clients to use their phones?

10. What do you get in return when maternal healthcare clients

are using your phone?

11. What challenges do you face when maternal healthcare clients

are using your phone?
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