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ABSTRACT
Objective  To test the feasibility of a smartphone app, 
BebeApp, that provides evidence-based early childhood 
development (ECD) guidance in rural Guatemala and 
pilot procedures for an adequately powered randomised 
controlled trial.
Design  We conducted an individually randomised 
pilot feasibility trial to compare BebeApp to printed ECD 
guidance.
Setting  This trial was conducted in Tecpán, 
Chimaltenango, a semi-rural community that is 95% 
Kaqchikel Indigenous Maya.
Patients  First-time primary caregiver-infant (0–28 days) 
dyads.
Interventions  BebeApp provides age-dependent, 
evidence-based caregiver guidance for breastfeeding 
and complementary feeding, sleep and developmental 
support.
Main outcome measures  A mixed-methods 
evaluation of BebeApp’s implementation and acceptability 
using the Reach, Effectiveness, Adoption, Implementation, 
Maintenance framework. App usability, usefulness and 
satisfaction were assessed via questionnaires, semi-
structured interviews and app interaction data.
Results  41 infant-caregiver dyads were enrolled with 
40 completing the study. Engagement was high with 
caregivers opening BebeApp a median (IQR) 11 (6–21) 
times per month. Usability was found to be acceptable but 
no difference was found between pre-measurements and 
post-measurements. In interviews, caregivers expressed 
some initial difficulty using BebeApp but were able to 
gain confidence with a training session. App usefulness 
and satisfaction responses were positive. Caregivers 
often noted that BebeApp was their only source of ECD 
information outside of their family.
Conclusions  We found that caregivers in rural 
Guatemala responded positively to a smartphone ECD app 
and engaged with it throughout the trial. Given the urgent 
need for ECD programmes in low- and middle-income 
settings, smartphone apps may be a method to deliver 
services directly to caregivers.

INTRODUCTION
Providing nurturing care to support optimal 
early childhood development (ECD) is a 
pressing need globally.1 Over 40% of children 
less than 5 years of age in low- and middle-
income countries (LMICs) are at risk of 
not reaching their developmental potential 
due to factors such as malnutrition, poverty 
and lack of early stimulation.2 3 Poor ECD 
has extensive global consequences such as 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ There is an urgent need for early childhood develop-
ment programmes (ECD) in low- and middle-income 
countries (LMICs) with 250 million children at risk of 
not reaching their developmental potential. Mobile 
health interventions, such as smartphone apps, are 
a way to potentially expand ECD programme cover-
age by bringing evidence-based guidance directly to 
caregivers. However, their feasibility in rural LMICs 
is not established.

WHAT THIS STUDY ADDS
	⇒ We have extensively evaluated the feasibility of a 
smartphone-based app to provide evidence-based 
guidance directly to caregivers in rural Guatemala 
using mixed-methods and the Reach, Effectiveness, 
Adoption, Implementation, Maintenance framework. 
Although our findings demonstrate that it is feasible, 
usability is a potential barrier that should be careful-
ly considered.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our study provides evidence that mobile health 
interventions for caregivers are feasible and are a 
promising way to increase access to ECD support 
in LMICs. However, adequately powered trials are 
needed to determine their effectiveness.
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reduced human capital and higher public costs in health 
and education.4

ECD interventions that are scalable in low-resource 
settings are urgently needed to reach the estimated 
250 million children at risk. Mobile health technology 
designed to provide support directly to caregivers may 
reduce strain on health workers where ECD services 
already exist or provide much needed guidance in areas 
where no ECD services are available. In high-income 
settings, smartphone apps are ubiquitous and widely 
used by caregivers for advice on ECD. However, they 
have been criticised for inclusion of non-evidence-based 
advice as well as being influenced by commercial inter-
ests for selling private data to third parties or inclusion 
of commercially influenced content.5 6 Smartphones are 
now common even in rural areas of LMICs where other 
basic services, including health services, and especially 
ECD services, are lacking.7 Therefore, smartphone apps 
for caregivers have especially high potential for uptake 
and impact and for many communities may be their first 
and only source of ECD support. In Guatemala, 70% 
of children are at risk of suboptimal development, and 
there is little to no ECD support available in either the 
public or private sectors.3 A few studies in other LMICs 
have now examined the design and usability of caregiver 
smartphone apps to support ECD in LMICs, although 
child-centred outcomes and rigorous effectiveness assess-
ments are still lacking.8 9

In this study, we conducted an individually randomised 
pilot feasibility trial of a smartphone-based ECD app, 
BebeApp, in a low-resource rural area of Guatemala. 
BebeApp provides age-based recommendations for chil-
dren under 2 years of age in the areas of breastfeeding 
and complementary feeding, sleep and developmental 
support. It also provides an interface for caregivers 
to enter and visualise their infant’s data. A pilot feasi-
bility trial was necessary before an adequately powered 
randomised controlled trial (RCT) due to the lack of 
detailed implementation data on smartphone caregiver 
apps in LMICs and the need to validate trial and assess-
ment procedures, including recruiting and retention of 
subjects into a non-smartphone control arm.10 There-
fore, our primary outcomes were focused on whether 
a smartphone ECD app for caregivers could be imple-
mented in rural Guatemala. While our team has exten-
sive experience adapting and administering the Bayley 
Scales of Infant and Toddler Development V.3 in Guate-
mala, this was the first time we administered V.4. There-
fore, we included effectiveness as a secondary outcome 
to pilot V.4 of the Bayley Scales of Infant and Toddler 
Development (BSID4). We have specified milestones to 
transition to a future, adequately powered effectiveness 
RCT a priori.

METHODS
We prepared this manuscript according to the Consol-
idated Standards of Reporting Trials (CONSORT) 

extension to randomised pilot and feasibility trials 
reporting guidelines (online supplemental appendix 
S6).11

Study context, ethics oversight and funding
This study was conducted in collaboration with Maya 
Health Alliance, a primary care organisation working 
in rural Indigenous Maya communities in Guatemala. 
This study was conducted in the municipality of Tecpán, 
Chimaltenango (population 95 000), a semi-rural 
community where more than 95% of the population is 
of Indigenous Kaqchikel Maya ancestry. This study was 
conducted according to the principles in the Declaration 
of Helsinki, prospectively registered (NCT05106894) 
and approved by the Institutional Review Boards of Chil-
dren’s Hospital Los Angeles (CHLA-21-00168) and Maya 
Health Alliance (WK 2021 002). This work was funded by 
a grant from the Eunice Kennedy Shriver National Insti-
tute of Child Health and Human Development to BAS 
and PR (5R33HD107983-04).

Smartphone app design
We employed an agile design framework to develop an 
Android-based app. Agile design is a software develop-
ment philosophy in which a software product is iter-
atively developed with end users actively participating 
throughout the development. We have previously 
used this design philosophy to develop software for 
lay midwives in rural Guatemala.12 The design team 
included app programmers, investigators, clinical staff 
at Maya Health Alliance and volunteer caregivers/
end users. We first conducted separate focus groups 
with caregivers and clinical staff at Maya Health Alli-
ance to enquire about their experience using smart-
phone apps and their opinion on caregiver support 
smartphone apps. We presented existing ECD apps 
from high-income settings and explained our interest 
in developing a similar app. Based on feedback from 
these preliminary sessions, we developed a prototype 
and conducted focus groups again to elicit feedback. 
This iterative process of frequent updates based on end 
user feedback was repeated throughout the first year of 
development. In total, we conducted six focus groups, 
two with Maya Health Alliance clinical staff and four 
with local caregivers. The median (range) number of 
participants per focus group was 5 (3–9). Once Bebe-
App’s core features were finished, caregivers tested it 
in-home. Although target participants were primarily 
speakers of Kaqchikel Maya, the app was developed 
in Spanish as Kaqchikel Maya is not widely written or 
read. Participants who speak Kaqchikel Maya typically 
read and write in Spanish. App design included built-in 
multilingual support to permit future additional 
languages and as many images as possible. Evidence-
based caregiver recommendations in the app for breast-
feeding and complementary feeding, sleep and devel-
opmental support were selected from evidence-based 
sources (online supplemental table S1). An overview of 
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app design, version release and design changes is given 
in online supplemental figure S1 and online supple-
mental table S2.

Trial design and participants
This was a single-centre, individually-randomised (1:1 
allocation ratio), parallel-group pilot feasibility trial to 
compare use of the smartphone app to printed educa-
tional materials (online supplemental figure S2). Feasi-
bility trials evaluate whether a future, adequately powered 
RCT can realistically be done.11 Pilot trials are a subgroup 
of feasibility trials that conduct at least part of a future 
effectiveness RCT. First-time primary caregivers and 
their infant were eligible to participate if the infant was 
0–28 days old at the time of recruitment and a singleton 
full-term (≥37 weeks) birth. Infant exclusion criteria 
included acute malnutrition (weight-for-length/height 
Z score≤−2 SD using WHO standards), severe medical 
illness or medical contraindication to breastfeeding. 
Caregiver exclusion criteria were inability to read or 
speak Spanish. Eligible caregivers who did not possess 
a functioning Android smartphone were given a phone 
for the duration of the study. This was necessary for 9 
out of 19 participants. Iterative changes to the app were 
made throughout the study based on user feedback as 
described in online supplemental table S2).

Participants were recruited by trained research nurses 
within usual clinical care settings after referral by health-
care providers working at Maya Health Alliance. Verbal 
informed consent was obtained following Maya Health 

Alliance protocol for a minimal-risk study with Indige-
nous populations as obtaining signatures is not a cultur-
ally common practice. Study visits and data collection 
occurred in the home by trained research nurses, except 
for the secondary outcome variable (BSID4; Pearson 
Assessments, San Antonio, TX, United States) which was 
collected by consulting psychologists in clinical spaces at 
Maya Health Alliance.

After enrolment and randomisation, caregivers received 
either the smartphone app, installed with assistance from 
a study nurse or printed materials. Brief monthly visits 
(~15 min) were conducted monthly for five consecutive 
visits by a study nurse to resolve questions about the 
app or, in the comparator arm, to resolve any caregiver 
questions about the printed materials. BSID4 data were 
collected at enrolment and study exit at 6 months post 
enrolment.

Outcomes
The primary outcomes were a mixed methods evaluation 
of app implementation and acceptability using semi-
structured interviews, questionnaires on usability, useful-
ness and satisfaction and on-phone interaction data. We 
followed the Reach, Effectiveness, Adoption, Implemen-
tation, Maintenance (RE-AIM) evaluation framework as 
outlined in table 1.13

We predefined three milestones to transition to a 
subsequent, adequately powered effectiveness RCT: (1) 
an app failure rate/crash rate of less than 2%, (2) more 
than 50% of caregivers use the app at least twice a month 

Table 1  Overview of participant-level mixed-methods implementation evaluation using the RE-AIM framework

RE-AIM dimension Evaluation method/outcome definitions

Reach Quantitative:
	► Enrolment and drop-out
	► Comparison of demographic characteristics of trial participants to overall typical population 
served by Maya Health Alliance

Qualitative:
	► Semi-structured interviews with caregivers: barriers to app use

Effectiveness Quantitative:
	► Exploratory comparison of BSID4 composite scores at 6 months and correlation between BSID4 
scores at 0 and 6 months

Qualitative:
	► Semi-structured interviews with caregivers: usefulness of app content

Adoption Not applicable: single-centre pilot without involvement of multiple providers or healthcare units

Implementation Quantitative:
	► Number of visits completed, time between visits and missing data
	► System usability scale30

	► Usefulness and satisfaction questionnaire*
	► User app interaction data: frequency of opening app; duration of app sessions; response to push 
notification; frequency of infant data entry

Qualitative:
	► Semi-structured interviews with caregivers: acceptability, usability, interest of the app

Maintenance Qualitative:
	► Semi-structured interviews with caregivers: interest in continuing app use

*Questionnaire was based on multiple surveys in the literature.31 32 Survey items were tested and tailored for contextual relevance.
BSID4, Bayley Scales of Infant Development; RE-AIM, Reach, Effectiveness, Adoption, Implementation, Maintenance.
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and (3) more than 50% of caregivers find the app useful 
(measured via questionnaire).

Additional details on the development of the mixed-
methods approach and accompanying instruments are 
given in Supplementary Methods 1–4 and table 1.

Secondary outcomes were the BSID4 language, motor 
and cognitive composite scores, calculated as defined in 
the manufacturer’s user manual. We chose the Bayley 
Scales of Infant and Toddler Development as it has been 
extensively used in Guatemala by our team and others. 
Details about our adaptation of V.3 of the Bayley for admin-
istration in Guatemalan Spanish and Kaqchikel Maya 
have been published previously.14 As this study was the 
first time our team used V.4 of the Bayley, we conducted a 
similar adaptation to ensure contextual appropriateness. 
This included translation, back translation and cultural 
adaptations. Ten of the infants were below 16 days of 
age at the first BSID4 assessment; an age of 16 days was 
used to calculate their composite scores. BSID4 assess-
ments were conducted by skilled clinical psychologists in 
Spanish. Psychologists were blinded to study arm assign-
ment. Covariables included basic demographic and 
infant/caregiver clinical information, household poverty 
probability using the Guatemalan Simple Poverty Score-
card and infant anthropometrics. All anthropometric 
measurements were completed in triplicate. Weight was 
measured to the nearest 0.1 kg with the use of a Seca 310 
hanging scale (Seca, Hamburg, Germany), and length/
height was measured to the nearest 0.1 cm with a locally 
constructed portable length board.15

Sample size, randomisation and enrolment
As a pilot feasibility trial, and recommended by Leon et 
al,16 no confirmatory hypothesis testing was planned, and 
therefore, no formal power or sample size calculations 
were performed. We aimed to enrol 40 infant-caregiver 
dyads as this was reasonable from recruitment, study 
period and study resource perspectives and would allow 
us to evaluate intervention feasibility while piloting trial 
procedures before an adequately powered RCT. A block 
randomisation sequence (blocks of 4, 1:1 allocation) 
was generated in advance using an online programme 
(https://www.sealedenvelope.com/) by an individual not 
associated with participant recruitment or study proce-
dures. This list was then uploaded in digital data capture 
software (REDCap, Vanderbilt University, Nashville, TN) 
which automatically disclosed subject allocation to the 
study nurse on completion of informed consent proce-
dures.

For semi-structured interviews, trial participants from 
the intervention arm were selected based on app engage-
ment. All participants were separated into quintiles based 
on how many times per month they had opened the app. 
Initially, we decided to interview four participants based 
on our experience in prior similar studies in Guatemala 
where small sample sizes of 4–6 interviews typically reach 
thematic saturation. Two participants in the lowest quin-
tile and two users in the highest quintile were selected 

at random. After a fifth interview elicited little to no 
new information, we determined that we had reached 
thematic saturation.17

Data analysis
Quantitative
Quantitative statistical analysis was conducted using 
Stata V.17. Demographic and clinical characteristics of 
study participants were summarised using means and 
SD, median and IQR or percentages, as appropriate. 
For secondary BSID4 outcomes, raw differences between 
intervention and control arms were summarised and 
adjusted differences calculated using linear regression 
with adjustments chosen a priori for gender of child, 
caregiver educational level, poverty score, birth weight 
and change in length for age Z score from 0 to 6 months.

Qualitative
Qualitative analysis was conducted using Dedoose (Soci-
ocultural Research Consultants, Manhattan Beach, 
CA). We carried out a thematic analysis using a deduc-
tive approach. The codebook was developed a priori 
based on the dimensions of the RE-AIM framework 
with selected implementation themes derived from the 
Consolidated Framework for Implementation Research 
(Supplementary Methods 4).18 ST coded all interviews, 
and PR reviewed all codes. Selected representative quotes 
are presented in the Results section.

Mixed methods
We integrated our quantitative and qualitative findings 
using an explanatory sequential joint display technique 
to help elicit meta-inferences from the quantitative and 
qualitative sections.19

Patient and public involvement
Patients or the public were not involved with the design, 
conduct, reporting or dissemination plans of this 
research.

RESULTS
Reach
Quantitative
Participants were recruited from January 2023 to March 
2023. Final study participants completed the study in July 
2023. In total, 163 subjects were referred to the study team 
of whom 39% had inaccurate contact information and 
were unreachable and 35% were ineligible, principally 
due to being older than the eligible infant age range or 
not a first-time caregiver. A total of 41 primary caregiver-
infant dyads were enrolled and underwent randomisation 
(control arm 21, intervention arm 20) (figure 1). Base-
line demographic and clinical features of participants 
in the two study arms are given in table 2. Caregivers in 
the control arm tended to have lower educational attain-
ment, and children tended to be younger at enrolment 
and have higher length-for-age Z scores, although these 
differences were not statistically significant. One subject 
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in the intervention arm withdrew consent and was not 
included in the analysis, resulting in a final, analysed 
sample of control arm=21 and intervention arm=19.

As a further evaluation of reach, several demographic 
characteristics of the current study population differed 

from those of a prior nutrition intervention study with 
caregivers and young children drawn from the clinical 
population of Maya Health Alliance in this same commu-
nity.20 In both studies, participants almost universally self-
identified as Indigenous Maya. However, caregiver age 
was lower in this study than in the prior, likely because 
this pilot feasibility trial only enrolled first-time care-
givers (pooled mean age 22.9±4.3 vs 27.1±6.8 years). Raw 
poverty scores were also higher, indicating less poverty 
(pooled mean score 36.6±4.1 vs 27.8±8.0), and base-
line height-for-age Z scores were higher, indicating less 
stunting (pooled mean Z score −2.23±0.30 vs −3.44±0.74).

Qualitative
The main barrier to app use was that the app was chal-
lenging to use in the beginning. All five of the partici-
pants interviewed felt there was an initial learning curve 
for the application. However, after the training session 
with the study nurse, they were able to navigate the app 
and gain confidence over time.

The first time it was difficult for me to use the app 
because I didn’t know how to do it. Although they 
explained everything to me it was still a bit difficult 
until a little later when I managed to understand ev-
erything. (Participant 2)

Effectiveness
Quantitative
Of 41 randomised participants, one withdrew consent. 
40 participated in BSID4 assessments at enrolment and 
6 months. Correlation between enrolment (median 
age<1 month, see table  2) and 6-month post-enrolment 
BSID4 subscale scores assessed using Pearson’s correla-
tion coefficient matrix was poor (online supplemental 
table S3). While debriefing with study psychologists, team 
consensus was that the BSID4 assessments at less than 
1 month were unreliable due to limited number of observa-
tion items in the early infant assessment and rounding up 
to 16 days for those infants younger at time of assessment. 

Figure 1  Enrolment flow chart.

Table 2  Baseline demographic and clinical characteristics 
of study participants

Characteristic

Smartphone 
(intervention) 
arm (n=19)

Control arm 
(n=21)

P 
value

Maternal characteristics

 � Age in years, 
mean±SD

22.4±2.7 23.3±5.4 0.53*

 � Maya ethnicity, % 
(n)†

94.7 (18) 100 (21) 0.48‡

 � Education primary 
school or less, % (n)

36.8 (7) 71.4 (15) 0.06‡

Child characteristics

 � Female sex, % (n) 52.6 (10) 61.9 (13) 0.75‡

 � Age at enrolment in 
days, median (IQR)

20 (13–24) 14 (9–16) 0.06§

 � Birth weight in kgs, 
mean (SD)¶

2.89±0.3 2.99±0.3 0.35*

 � Length-for-age Z 
score**

−2.48±0.19 −2.00±0.18 0.07*

 � Weight-for-length Z 
score**

0.57±0.21 0.18±0.20 0.19*

Household 
characteristics

 � Raw poverty score†† 39.5±2.3 33.9±3.5 0.23*

*Student’s t-test.
†Self-identified ethnicity.
‡Fisher’s exact test.
§Wilcoxon rank sum test.
¶Caregiver reported.
**Based on World Health Organization growth standards.
††Raw poverty score can range 0–100.
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Further evidence of unreliability is provided by the lack 
of subscale score stability across the two study time points 
(online supplemental figure S3). Composite BSID4 cogni-
tive, motor and language scores as well as unadjusted and 
adjusted differences between trial arms were compared at 
the 6-month endpoint. No significant difference for any 
subscale was observed (table 3). Poverty was the only covar-
iate with a significant interaction (online supplemental 
table S4).

Qualitative
All five interviewees found the app content useful. Three of 
five noted that it was especially useful for them as first-time 
caregivers who did not have experience raising children.

… (the app) helped me a lot because sometimes, as 
a first-time mother, you don’t know what to do and 
these pieces of advice help, they help you say, ah yes 
that makes sense… (Participant 1)

Two of five interviewees stated that they would like more 
advice on additional topics including health, cleaning 
and bathing and psychological advice for mothers.

I would like (the app) to have advice about how we 
can regulate our emotions as mothers. It is very diffi-
cult and no one tells us how to go through raising a 
child. Emotions vary while raising a child. I would like 
psychological advice for new mothers.” (Participant 4)

Implementation
Quantitative
All but two (95%) of the participants participated in all 
scheduled check-in visits to review app usage (interven-
tion arm) or printed stimulus materials (control arm). 
Two individuals in the intervention arm received two and 
three visits, respectively. No subjects in either arm had 
missing baseline or endline outcome data. The mean 
duration between baseline and endline assessments was 
157±5 days in the intervention arm and 156±5 days in the 
control arm.

Table  4 details user engagement with the app. The 
median (IQR) number of times users opened the app 
per month was 11 (6-21). On average, 10% of push notifi-
cations about new advice were opened while 7% of push 
notifications requesting data entry were opened. The 
median (IQR) times caregivers entered data per month 
was 10 (3-24).

Table 5 details the results of pre- and post-surveys given 
to participants in the intervention arm about their expe-
rience using the app at enrolment and 6 months post-
enrolment. Feedback on both app usability, usefulness 
and satisfaction was high and stable over the intervention 
timeline. Individual item summary responses are given in 
online supplemental table S5.

Qualitative
Overall, the app was acceptable for all interviewed 
caregivers. Interviewees expressed how the app benefited 
them and how it was often their only source of informa-
tion regarding child development apart from their family.

Yes, I think it there is a need for this app not just here 
but everywhere in Guatemala because it goes directly 
to first-time mothers. We don’t know if what we are 
doing is good or bad. The app helps us understand 
a bit more. We can combine the advice from the app 
with what our family members say. Therefore, I think 
it is important and very useful for first-time mothers. 
(Participant 1)

Table 3  Bayley Scales of Infant Development scores V.4 composite scores in study participants at 6 months

Characteristic

Smartphone 
(intervention) arm 
(n=19)*

Control arm 
(n=21)

Unadjusted difference 
(95% CI)†

Adjusted difference 
(95% CI)‡

Cognitive composite 111±9 111±10 0.6 (−5.6, 6.7) −1.0 (−7.4, 5.5)

Motor composite 105±9 106±11 −1.5 (−7.8, 4.9) −2.3 (−8.3, 3.6)

Language composite 104±6 104±6 0.4 (−3.5, 4.2) −1.8 (−5.6, 2.1)

*BSID4 evaluations occurred at 6 months after enrolment (median age in days 165.5 [IQR 155, 174.5]). BSID4 composite scales are given as 
means±SD. 
†Student’s T-test for unpaired samples. 
‡Adjusted difference calculated using an ordinary least squares linear regression model with adjustments for gender of child, caregiver 
educational level, poverty score, birth weight and change in length for age Z score from 0 to 6 months.
BSID4, Bayley Scales of Infant Development Scores.

Table 4  User-app interaction data (n=19)

Outcome Median (IQR)

Number of times app was opened per 
month

11 (6–21)

Percentage of advice push notifications 
opened

10 (0–35)

Percentage of data entry push notifications 
opened

7 (0–63)

Number of times caregivers entered data 
per month

10 (3–24)
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Interviewees expressed that the design of the app was 
appropriate. Specifically, images used for navigation and 
images paired with advice were highlighted as being 
helpful and appreciated as being representative of their 
communities. However, two out of the five interviewees 
noted that they had some difficulties navigating the app.

Maintenance
Qualitative
All interviewees indicated they would like to continue 
using the app. A potential barrier to continuing use of 
the app, however, was the amount of currently available 
caregiver support messages. As noted in the effectiveness 
section, caregivers mentioned the desire for additional 
supplementary content in more subject areas.

Mixed methods integration
Table  6 details meta-inferences about implementation 
of a future adequately powered effectiveness trial that 
emerged for the reach and implementation domains. 
Overall, although two caregivers noted that they had had 

some difficulties navigating the app, user engagement, 
satisfaction and usability were found to be high. For 
many users, the app was often the only source of infor-
mation on child development readily available to them. 
Initial training to use the app was an important activation 
barrier, and a larger-scale implementation will require a 
more streamlined user training process including, most 
likely, an in-app tutorial.

Transition milestones
All three transition milestones to support transition to an 
adequately powered RCT to evaluate effectiveness were 
reached. The app failure rate was 0%. All caregivers used 
the app, on average, at least twice per month, and all 
caregivers found the app to be useful and satisfactory via 
questionnaires (online supplemental table S5).

DISCUSSION
In this study, we conducted an individually randomised 
pilot feasibility trial to implement a smartphone app that 
provides first-time caregivers with evidence-based ECD 
guidance in rural Guatemala. BebeApp was well received 
by caregivers and scored positively on acceptability, 
usability, usefulness and satisfaction. We easily exceeded 
our prespecified endpoints on app utilisation as well as 
perceived usefulness and acceptability. In addition, we 
successfully piloted procedures before an adequately 
powered RCT. We did not have issues with control arm 
recruitment or retention, and we were able to pilot V.4 
of the Bayley Scales of Infant and Toddler Development. 
Taken together, these findings suggest that mHealth 
interventions targeting caregivers in rural areas of LMICs 
are feasible and are a promising avenue for expanding 
coverage of ECD support.

Table 6  Explanatory sequential joint display for reach and implementation during a pilot feasibility randomised trial to provide 
smartphone-based support for early childhood development to caregivers in Guatemala

RE-AIM dimension Quantitative findings Qualitative findings Meta-inferences

Reach Baseline characteristics of 
intervention arm:

	► The mean (SD) age of 
caregivers was 22.4 (2.7) years

	► Primarily indigenous (94.7%)
	► High levels of poverty (66% 
probability of living below the 
100% national poverty line)

	► Low level of educational 
attainment

The main barrier to app use 
identified was the initial learning 
curve of the app. After a one-
on-one training session with the 
study team, users were able to 
use the app.

Enrolled mothers in this study 
are comparable to first-time 
caregivers in the study area. 
Rolling out the app in the real 
world may require integrated 
training modules to replace the 
one-on-one training sessions that 
took place during the beginning 
of the study.

Implementation 	► Caregivers engaged with the 
app throughout the study period

	► Caregivers found the app 
usable

	► Caregivers found the app 
satisfactory and useful

	► The app was acceptable and 
was often the sole source of 
information for users on child 
development

	► The design of the app was 
well done and contextually 
appropriate

	► Some users had residual 
difficulties navigating the app

Likely due to being one of the 
only sources of information 
available on early childhood 
development, caregivers 
demonstrated high levels of 
engagement and satisfaction. 
Possible improvements in 
usability should be considered.

Table 5  Pre- and post-survey results assessing app 
usability, app usefulness and user satisfaction among 
participants in the smartphone intervention arm

Survey Pre- Post- P value*

System usability score, 
mean (SD)†

70 (9) 66 (9) 0.25

Usefulness and satisfaction 
scale, mean (SD)‡

1.2 (0.4) 1.3 (0.3) 0.50

*Student’s t-test.
†From 0 to 100, higher values indicate better usability.
‡Likert scale from -2.0 to 2.0, higher levels indicate higher 
usefulness and satisfaction.
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Although the acceptability of mHealth interven-
tions in general in LMICs is well established,7 most are 
implemented with providers, and there is little research 
assessing their acceptability for caregivers.21 Three studies 
in Peru, Brazil and Kenya found that caregivers responded 
positively to interventions based on messaging plat-
forms (Facebook, WhatsApp, SMS).8 22 23 Our findings, 
which include qualitative interviews and questionnaires, 
support the limited evidence that mHealth interventions 
are well received by caregivers and provide an assess-
ment of a dedicated smartphone app. In Guatemala, like 
many LMICs, ECD services are not available despite their 
pressing need. During qualitative interviews, caregivers 
recognised the lack of ECD knowledge and support in 
their community and therefore valued BebeApp as it 
was their first experience receiving ECD support outside 
their family. Additionally, acceptance was driven by the 
tailoring of app content and design to ensure contex-
tual appropriateness. Interviewees expressed interest in 
additional modules such as health, cleaning, bathing and 
psychological advice. As part of our agile design process, 
we will evaluate their viability and implement them in the 
future as able.

Several prior studies of caregiver mHealth interven-
tions in LMICs have noted challenges with user engage-
ment.8 21 24 Conversely, we found that caregivers had 
high levels of engagement throughout the feasibility 
trial. This is likely attributed to three factors. First, our 
iterative co-design and testing process ensured usability 
and that content was adapted and relevant for the local 
context.21 24 Second, caregivers had consistent reminders 
via push notifications and in-person monthly visits with 
study staff.21 Third, as the child ages, new age-appropriate 
advice becomes available, incentivising caregivers to 
continue engaging. A concern for future long-term 
scale-up is how engagement would be impacted without 
in-person visits with study staff, which will be addressed in 
more detail in the future adequately powered RCT.

Despite 47% (9/19) of caregivers not owning a smart-
phone, usability was found to be acceptable.25 The 
usability of the app is likely due to two factors. First, 
our iterative co-design process, which included regular 
input with caregivers, ensured that the app design was 
contextually appropriate. Second, study staff assisted 
with the initial instal of the app and trained caregivers 
in app use.8 26 However, there was no significant change 
between initial and endpoint usability, suggesting that 
the app did not get easier to use over time. This suggests 
that app usability can still be improved and that an inte-
grated training module/tutorial would be beneficial. A 
training module/tutorial would also be a necessity for 
future scale-up. It is likely that usability concerns in rural 
LMICs will be less of an issue in the future as smartphone 
and app exposure continues to increase.

In preparation for an adequately powered RCT to 
evaluate effectiveness, we successfully piloted trial 
and assessment procedures. First, we did not have any 
issues with enrolment and retention. We were initially 

concerned that participants in the control arm would 
not be interested in participating without receiving 
the smartphone app, and we were uncertain how study 
participants would respond to the BSID4 evaluation. 
This pilot feasibility trial was the first time our team 
used the BSID4, which has significant differences 
from the older BSID3. We found that there was a poor 
correlation between 0- and 6-month subscale scores. 
Kvestad et al also found that BSID3 score stability was 
weak in early infancy but that it improved in early 
childhood.27 As a result, in the future adequately 
powered RCT, we will focus on a single older effec-
tiveness timepoint (18 months) and use a conserva-
tive effect size for power/sample size calculation. In 
addition, we will add two additional supplementary 
outcomes of development and nurturing care in the 
effectiveness trial: the Nursing Child Assessment 
Satellite Training Scale and the Home Observation 
Measurement of the Environment.28 29

This pilot feasibility trial has several limitations to 
consider. First, our participants come from a single 
area of rural Guatemala, and therefore, our findings 
may not be generalisable to other contexts. Second, 
as a pilot feasibility trial, the sample size and study 
length were not adequate to assess effectiveness, 
and the reported BSID4 scores should not be inter-
preted in this way. Strengths of the study include our 
comprehensive mixed-methods evaluation guided by 
an established implementation science framework. 
To promote inclusion, caregivers who did not own 
a smartphone were given one for the study dura-
tion, a procedure we will continue in the adequately 
powered RCT.

In conclusion, we found that first-time caregivers in 
rural Guatemala valued a smartphone-based app that 
provided evidence-based ECD guidance. Engagement 
was found to be high throughout the pilot feasibility 
trial, and in qualitative interviews, caregivers shared 
that the app was their only source of ECD guid-
ance outside their family. Given the absence of ECD 
programmes in many LMICs, smartphone apps that 
deliver evidence-based guidance directly to caregivers 
are a promising method to increase accessibility to 
ECD services in LMICs. An adequately powered RCT 
to evaluate effectiveness of BebeApp is now ongoing.
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