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Abstract
Objective: The System Usability Scale (SUS) demonstrates good psychometric properties for a range of technologies;
however, its reliability and factor structure in the context of a childrearing application (app) and variation across cultures
remains largely unexplored. This study investigates the reliability and factor structure of the SUS in the context of a child-
rearing app that was co-designed for and implemented in diverse low- and middle-income countries (LMICs).
Methods: Parents and caregivers of children aged 0–5 years in five LMICs completed the SUS after having access to the
app for a minimum of 2 and maximum of 24 weeks. Survey data from participants (n= 668) was analysed using explora-
tory and confirmatory factor analysis methods.
Results: The bi-factor model shows the best fit to data (comparative fit index= 0.998; Tucker Lewis Index= 0.996; stan-
dardised root mean square residual= 0.033). Further analysis suggests that usability and learnability subscales provide
additional information not contained in the total SUS score. A two-sample t-test shows that younger caregivers,
employed full- or part-time, and with fewer children reported significantly better app usability.
Conclusion: The SUS has good psychometric properties, and it is a valid and reliable tool for assessing the usability of
mobile apps when used by parents and other caregivers for children’s socioemotional and cognitive development.
However, it is not essentially unidimensional and appears to have a multidimensional structure that could be specific
to our context owing to variations in users’ experience, culture, and language. The findings have implications for other
mobile health interventions implemented in contexts with cultural and linguistic differences.
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Introduction

The value of mobile health
The mobile health (mHealth) market has experienced
remarkable growth reaching 325,000 applications (apps)
worldwide1 and is now a popular resource for caregivers
to support children’s feeding and nutrition,2 prenatal
care,3 and mental health.3,4 With the rise in digital technolo-
gies, more parents seek access to information to support
their child’s developmental progress in a meaningful way.
However, finding relevant information and translating that

into parenting practices has often been challenging owing
to variations in socioeconomic conditions, cultures, and
parental preferences for the type of information sought
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about child development. Indeed, parenting practices are
dynamically influenced by cultural beliefs about caregiving
and child development, such as the desired skills and beha-
viours for young children, expectations for when children
should meet specific developmental milestones, and how,
when, and by whom care should be provided to children.5,6

Most parenting apps provide generic information and
advice such as screening and tracking of developmental
milestones and tracking of health promotion behaviours
for children (e.g. nutrition, sleep).7 There are very few
apps that support socioemotional development. The litera-
ture also highlights that the absence of cultural considera-
tions in most mobile apps adversely affects the adoption
and retention of technology and contributes to health dis-
parities.8 Recently, some researchers have endeavoured to
use cultural frameworks and translations of content in the
design of culturally responsive mobile apps.9 However, in
relation to the latter, the findings suggest that translations,
if not culturally relevant, do not support technology uptake
and adoption.

In this article, we empirically evaluate the usability of a new
childrearing app – Thrive by Five– that had been co-designed
and implemented in nine countries in Africa (Cameroon, the
Democratic Republic of the Congo, Kenya, Namibia),
Central Asia (Afghanistan, Kyrgyzstan, Uzbekistan), and
Southeast Asia (Indonesia, Malaysia) to support caregivers
and families with evidence-based and culturally appropriate
information about early childhood development (ECD). The
objective of Minderoo Foundation’s Thrive by Five
International Program was to empower parents and other care-
givers globally with the knowledge they need to support
healthy development of children during the first 5 years of
life. The Youth Mental Health and Technology Team from
the University of Sydney’s Brain and Mind Centre (including
this paper’s authors) led the co-design and development of
the content for Thrive by Five.10,11 The content is underpinned
by a scientific framework that highlights key neurobiological
systems that can be targeted behaviourally to promote healthy
ECD.10 Local parents, other caregivers (e.g. grandparents), and
subject matter experts (e.g. clinical psychologists, early child-
hood educators, medical specialists, anthropologists, linguists)
were key stakeholders throughout the research and develop-
ment processes, providing invaluable insights to inform the
program’s design and iterative refinement across diverse con-
texts. Specifically, all content for each country was developed,
refined, and ultimately finalised in consultationwith child care-
givers and subject matter experts through an extensive and
iterative co-design process conducted in partnership with
in-country partners and local champions. As shown in
Figure 1, the content, referred to as ‘Collective Actions’, is
comprised of scientific information about ECD (i.e. “The
Why”) coupledwith suggested activities that parents, extended
family, and trusted members of the community can engage in
with the child to promote various aspects of their socioemo-
tional and cognitive development. The Thrive by Five app is

the flagship product of this program; however, the content is
also disseminated via other digital (e.g. Whatsapp chatbot)
and non-digital (e.g. print media) methods based on the needs
of the users in each countrywhere the program is implemented.

System Usability Scale
The System Usability Scale (SUS) is a widely used, freely
available, standardised tool to assess the perceived usability
of a wide range of products and systems. Usability is the
perceived ease of use of a product, system, or interface to
achieve a defined goal efficiently and satisfactorily.12

Efficiency is how effortlessly a user can use a product
and satisfaction is the level of comfort of using a prod-
uct.13,14 Developed by Brook,15 the SUS tool was initially
presented as ‘quick and dirty’ but over time it has proven
itself to be a popular and effective measure of perceived
usability.16 Indeed, the SUS has been instrumental in asses-
sing thousands of computer- and web-based applications
and is considered an industry standard.17,18 Indeed, a recent
rapid review found the SUS was a commonly used method
for evaluating the quality of mobile health apps in high-,
low- and middle-income countries (LMICs).19 This includes
mobile health apps specific to early childhood as exemplified
by NeoTree, a clinical management and education mobile
app designed to improve newborn care in resource-poor set-
tings in Malawi.20 Several factors make the SUS relatively
more popular compared to other measures of perceived
usability, such as its short length (10 items), reliability and
validity, ease of administration, and low cost as well as the
fact that it is technology agnostic.21,22

The SUS is comprised of 10 statements relating to differ-
ent aspects of usability (e.g. ease of use, need for support,
confidence, consistency of features and functions) on a
5-point Likert scale ranging from strong disagreement to
strong agreement (i.e. scale of 1–5) in relation to a product,
application or system (Table 1). In addition, it has a mix of
positively and negatively framed items, with the odd-
numbered items having a positive tone and the even-
numbered items having a negative tone. There is another
structure of Learnability, consisting of statements 4 and
10, that was recently explored in the factor structure of
SUS.17 The SUS score is computed by converting the scale
from 0 (poorest rating) to 4 (best rating) with adjustment for
odd-numbered (subtract 1 from the raw score) and even-
numbered (subtract the raw score from 5) questions. The
adjusted score is summed and multiplied by 2.5 to get the
standard SUS score. The final SUS score ranges from 0 to
100, with 0 being extremely poor usability and 100 being
excellent usability.16,21

While the SUS is the most widely used tool for measuring
app usability, various other scales have been documented in
the literature concerning user experience, satisfaction, and
the suitability of mobile and web-based applications. One
such scale is the User Experience Questionnaire (UEQ)
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which provides a comprehensive assessment across six
dimensions: attractiveness, perspicuity, efficiency, depend-
ability, functionality, and information quality.23 However,
the UEQ was not relevant to our study due to the length of
its questions and our focus on conducting a rapid and simple
evaluation of the app’s basic usability.

The Usability Metric for User Experience (UMUX)
serves as an alternative to SUS, concentrating on just two
questions regarding usability and satisfaction.24 The user
experience behind UMUX aligns closely with the
Technology Acceptance Model (TAM), which assumes
that a user’s experience with new technology is based on
its perceived ease of use and usefulness.25,26 However,
TAM is mainly used to evaluate a product’s acceptability
rather than its overall usability, which is what we aimed
to assess using SUS.

Furthermore, the Technology Fit Model (TFM) evalu-
ates the fit between technology and user needs.27 TFM is
often applied in the early stages of technology development

and selection, while SUS is typically utilised after users
have gained experience with a product, as was the case in
our study. Recent research emphasises the importance of
integrating various frameworks to devise the most reliable
and effective solutions for designing and implementing
mobile and web-based applications.28 However, integrating
these frameworks was not appropriate in our study context
given the specific scope of the program and the goal of
assessing usability after the app’s implementation.

Psychometric properties of SUS
A range of research has been conducted on the psychometric
properties of the SUS. The various features of the SUS that
have been explored include its acceptable level of reliability,4,13

validity and sensitivity to different types of interfaces and
changes to a product.21 From its original version in English,
theSUShas been translated into andvalidated inmanyother lan-
guages such as Persian,13 Arabic,29 Bahasa Indonesian,30

Figure 1. Example of a collective action: ‘the why’ and associated childrearing activities.
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Malay,31 Italian,22 Polish,32 Slovene,33 Portuguese,34 and
Danish35 with reported reliabilities between 0.79 and 0.87.

Studies have shown both the average score and percent-
ile ranking of the SUS score as acceptable standards to rate
the usability of a product or application. Acceptable usabil-
ity corresponds to a SUS score roughly above 68, with
unacceptable usability indicated by scores below 50.18,21

Using a 7-point adjective rating scale (from worst imagin-
able to best imaginable) as an added eleventh question in
the SUS questionnaire, Bangor et al.36 provided grades (A
to F) and incorporated acceptability ranges to the SUS
score. SUS score >=70 is considered ‘acceptable’ and rated
‘good’. Sauro and Lewis18 suggest reporting the SUS score
as a percentile rank with the average score of 68 as the 50th

percentile. That means a raw score above 68 is above aver-
age and below 68 is below average.

The recent trend in research shows a high inclination
towards the dimensionality of the SUS –whether it provides
a single score of usability and is unidimensional (one-
factor) or is multidimensional. As the SUS has been used
for various products and in various contexts, the findings
on its dimensionality and factor structure are mixed.17,37,38

However, a large body of literature argues that the SUS
assesses the single construct of usability, and findings sug-
gest it is unidimensional. Most of this literature comes from
straightforward contexts such as assessing the usability of
hardware platforms and computer interfaces.36

While the SUS has been widely applied to measure
usability in mobile and web-based applications, its reliabil-
ity and factor structure in the context of a childrearing app
remains largely unexplored. This study aims to investigate
the reliability and dimensionality of the SUS in the context
of the Thrive by Five app in culturally diverse LMICs. It
also explores potential factors to explain ‘usability’ and
‘learnability’ to inform future work in similar contexts.

Methods

Study design
In addition to co-designing and developing the app, the
Brain and Mind Centre’s Youth Mental Health and
Technology team was also responsible for conducting
impact and process evaluations of the Thrive by Five
International Program. As such, the evaluation study of
the usability of the Thrive by Five app using the SUS
reported in this paper was embedded within a larger multi-
site mixed methods evaluation study of the program
detailed in LaMonica et al.39 The Thrive by Five Program
had been implemented in nine LMICs at the time of writing;
however, the evaluation had not been completed in Kenya
or the Democratic Republic of the Congo. Additionally,
limited app uptake and inconsistencies in the data collected
from participants in Namibia and Cameroon raised notable

Table 1. Description of individual statements in the System Usability Scale (SUS).

# Statementa
Strongly
disagree Disagree Neutral Agree

Strongly
agree

1 I think that I would like to use Thrive by Five frequently - - - - -

2 I found Thrive by Five unnecessarily complex - - - - -

3 I thought Thrive by Five was easy to use - - - - -

4 I think I would likely need the support of a technical person to be
able to use Thrive by Five

- - - - -

5 I felt that various features and functions in Thrive by Five were
well integrated

- - - - -

6 I thought there was too much inconsistency in Thrive by Five - - - - -

7 I would imagine that most people would learn to use Thrive by
Five very quickly

- - - - -

8 I found Thrive by Five very cumbersome to use - - - - -

9 I felt very confident using Thrive by Five - - - - -

10 I needed to learn a lot of things before I could get going with
Thrive by Five

- - - - -

aAdapted from Brooke.15
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concerns about the reliability and validity of responses to
the SUS. As such, only data collected in Afghanistan,
Indonesia, Kyrgyzstan, Malaysia, and Uzbekistan were
included in this study.

Importantly, for each participating site (Table 2), the ori-
ginal SUS questionnaire was translated using international
guidelines for cross-cultural adaptation to ensure consist-
ency of meaning to the original version.40 Specifically,
the survey was translated from English into up to three local
languages to enable participants to provide their responses
in their preferred language. The survey translation process
involved multiple steps: 1) translation by a professional
translator; 2) translation reviewed and edited by a second
translator; 3) any discrepancies or concerns discussed
with original translator. For all languages that have
NAATI accreditation, the translations were NAATI accre-
dited. NAATI is the national standards and certifying
authority for translators and interpreters in Australia
(https://www.naati.com.au/).

Participants
Participants were parents and caregivers (e.g. grandparent,
aunt, uncle, nanny) who were 18 years of age or older, self-
identified as a caregiver for at least one child aged 5 years or
younger, and had used the Thrive by Five app in a manner
of their own choosing, either on their own smartphone or on
a device shared with other family members or close friends.
There were no specifications set as to the frequency of app
use, time spent on the app, level of app engagement, or the
number of Collective Actions completed. Participants were
recruited through established networks and advertising
mechanisms of the respective research sites in each country
in which Thrive by Five was implemented.11 The sites used
the recruitment methods best suited to their community and
context (e.g. emails, poster displays, paper-based and online
internal news articles, handouts, digital advertisements on
social media). All participants provided written informed
consent for this study. Incentives to compensate participants

for their time were offered based on each site’s national paid
participation rates and methods of reimbursement as recom-
mended by the local ethics practices and committee’s
advice.

Data collection
Participants were invited to complete the SUS questionnaire
as part of a larger evaluation survey between 2 and 24
weeks after they began using the app in each respective
country. The site provided participants with a web link pro-
viding them access to the impact evaluation survey via
REDCap,41,42 a secure electronic data collection and man-
agement tool hosted at the University of Sydney.
Paper-based surveys were also available and distributed
by the Site Principal Investigator via post or in-person on
an as needed basis for those participants who did not have
reliable access to the internet or a personal smartphone.
Basic demographic information (e.g. relationship to the
child, sex, country of birth, language spoken at home,
age, marital status) was collected for descriptive purposes.
Participants were asked to complete the survey within one
week of receiving it, with those completing it on paper
returning the survey directly to the site. The data collection
for this research occurred over 2 years (2022–2023).
Notably, identifying information is not collected in the
Thrive by Five app; therefore, it is not possible to link
evaluation participants with their app usage data.

Statistical analysis
A pooled sample of five participating countries was used for
analysis. Basic descriptive statistics (e.g. frequencies, per-
centages) were used to analyse demographic data. The sam-
ple was randomly divided into two halves using the
split-half sample method for the robustness and generalis-
ability of our findings.43,44 The two subsets of samples
included 334 observations, which is consistent with the
recommended criteria for exploratory factor analysis
(EFA).45,46 EFA was conducted on the first half of the
data while confirmatory factor analysis (CFA) was per-
formed on the second half to collectively validate the
robustness of our findings. Participants per item ratio for
CFA calculated was 33 which aligns with the 5–10 partici-
pants per item suggested by previous studies.47 Additional
indices such as Chi-square, comparative fit index (CFI),
Tucker Lewis index (TLI), and standardised root mean
square residual (SRMR) were evaluated for model good-
ness of fit.

Several statistical analyses were performed to detect the
factor structure of the SUS. EFA was performed to examine
the underlying relationship among the items. As our context
differs in geographical and demographic characteristics and
when users have their first-time interaction with the app,
EFA is desirable to understand the relationship of the

Table 2. Participating countries and research sites.

S.No Organisation Country

1 The Bayat Foundation Afghanistan

2 The Indonesian Child Welfare
Foundation

Indonesia

3 Roza Otunbayeva Initiative Kyrgyzstan

4 Malaysian Association of Professional
Early Childhood Educators

Malaysia

5 The Innovation Centre Uzbekistan
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underlying variables. Bartlett’s test of sphericity was per-
formed to test whether our observed correlations differ sig-
nificantly from the identity matrix. An identity matrix
means that our variables were not correlated with each other.
A significant Barlett’s test was an indication to carry out the
factor analysis. While this test could have been affected by
sample size, we also reported Kaiser–Meyer–Olkin (KMO)
measure of sampling adequacy.48 A KMO value >=0.70 is
considered acceptable for factor analysis of the correlation
matrix. A scree plot was used to determine the number of fac-
tors to retain in the EFA. All statistical analyses were con-
ducted using RStudio (version 4.3.1) using lavaan49 and
Psych50 packages. P-values less than 0.05 were considered
as significant.

CFA was conducted to further assess and verify the fac-
tor structure of the variables and evaluate the construct val-
idity of the SUS. In addition, CFA was used to check
whether the SUS could be used as a single score, or if it
is multidimensional. In relation to this, several statistical
tests were used to determine the adequacy of various mod-
els’ fit to the data. We evaluated four models including one-
factor, two-factor (usability and learnability), tone structure
(positive and negative statements), and bi-factor models to
further explore the SUS factor structure. The rationale
behind the evaluation of a two-factor and bi-factor model
was to provide further insights on the dimensionality of
SUS investigated in other contexts.4,17 A two-factor struc-
ture involves two distinct latent factors, and each observed
variable is influenced by one of these factors.51 This struc-
ture explains variance in observed data through two under-
lying factors which limits its applicability to data where
variance can be attributed to a general factor as well as spe-
cific factors. Bi-factor, on the other hand, allows for the
examination of both general factor and specific factors sim-
ultaneously and offers an advantage when dealing with con-
structs that have both a broad overarching dimension (e.g.
usability) and other secondary dimensions (e.g. usability
and learnability).52 Because the data is collected on a 5-point
Likert scale and is considered ordinal, we adjusted parameter
estimates using weighted least squares mean and variance
which is a recommended approach for the analysis of ordinal
data.51 Accordingly, goodness-of-fit was assessed using CFI
and TLI (each with a cutoff score>=0.95 for an acceptable
fit), and SRMR (cutoff score<=0.08).53

Following Dueber,54 further advanced statistics were
calculated to carefully decide on the dimensionality of the
found structure. Omega was calculated to report a model-
based estimate of internal reliability. While there is no pre-
determined cutoff for Omega, studies recommend a value
between 0.50 and 0.75 as an acceptable level of reliability.
Further complimentary statistical indices calculated were
Omega hierarchical (OmegaH), explained common vari-
ance (ECV), and percent of uncontaminated correlations
(PUCs). Omega hierarchical or OmegaH reports the per-
centage of systematic variance in unit-weighted total scores

that can be attributed to the individual differences in the
general factor.55 The higher the OmeageH the more the gen-
eral factor is the dominant source of systematic variance and
the higher the likelihood of unidimensionality. ECV is the
proportion of common variance attributable to the general
dimension while PUC is the percentage of covariance terms
which only reflect variance from the general dimension.
PUC along with ECV influences the parameter bias of the
unidimensional solution. When ECV and PUC> 0.70, the
relative bias will be slight, and the common variance can
be regarded as essentially unidimensional.55 Similarly,
when PUC values are lower than 0.80, general ECV values
greater than 0.60 and OmegaH> 0.70 suggest the presence
of some multidimensionality is not severe enough to dis-
qualify the interpretation of the instrument as primarily
unidimensional.56

Results

Demographic characteristics of respondents
A total of 668 participants were recruited through the
research sites in the five participating countries including
Afghanistan (n =111), Indonesia (n =157), Kyrgyzstan
(n =118), Malaysia (n =129), and Uzbekistan (n =153).

Table 3 reports the pooled demographic characteristics
of the participants across the five countries. All variables,
except participant age and number of children, are categor-
ical variables. The frequency (n) and percentages are
reported for the categorical variables, while means and
standard deviations are reported for continuous variables,
such as age and number of children. Approximately 50%
of the respondents had completed a degree or post-graduate
qualification and 68% were employed full- or part-time.
The average age of respondents was about 32 years with
79% female and 86% married. The last four rows report
users’ experience with the app. Daily and more than once
daily use was reported by 48%, weekly use by 31%, and
fortnightly and monthly use by 11% and 10%, respectively.
It should be noted that this was the users’ first interaction
with Thrive by Five, and their experience is reported only
in this context. For example, we did not collect data on
user’s prior experience with the app as it was implemented
for the first time in the targeted countries. In this relation, we
do not deal with the longitudinal aspects of usability evalu-
ation –testing over time to take into consideration user’s
prior experience with the app.57

Summary statistics of SUS statements
Table 4 reports the means of individual statements and the
mean total SUS score, with the standard deviations pre-
sented in column 3 and range in column 4. The mean total
SUS score is 65.07 (this is approximately the 50th percentile
in our sample) which falls below the acceptable standard.
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Overall, respondents, except for statements 4 and 10 (measur-
ing learnability), tended to disagree relatively more with the
even-numbered statements (negatively worded) compared to
the odd-numbered statements (positively worded). This could
mean that Thrive by Five was relatively less quickly learnable
for caregivers in our sample overall. However, examination of
the results in relation to demographic characteristics (refer to
Table 3) using univariate regression analysis found statistic-
ally significant differences in the total SUS score based on

age (p<0.001), employment status (p< 0.05), number of
children (p<0.01), with young caregivers who were
employed and had fewer children reporting higher SUS
scores compared to their counterparts.

Psychometric outcomes
Consistent with the previous literature, the reliability coeffi-
cients show that the SUS has acceptable reliability as evi-
denced both by ω =0.89 and Cronbach’s alpha α =0.86.
The KMO value of 0.80 suggests sufficient evidence for
factor analysis and Barlett’s test statistics (p< 0.001)
show that the variables are related and ideal for factor ana-
lysis. The Eigenvalues from the factor analysis are pre-
sented in the scree plot in Figure 2. The analysis presents
a two-factor structure (two significant factors of the SUS
statements). These findings show that the SUS in our case
reflects participants’ experience on two-factors rather than
a single score of usability.

As a next step, the model fitness was investigated using
CFA to see whether the SUS could be used as a single score
or if there is a departure from essential unidimensionality.
Four models were evaluated: one-factor, two-factor, tone
structure, and bi-factor model. Table 5 shows the results of
the four models. The goodness-of-fit indices suggest that
one-factor does not have an acceptable fit with CFI and
TLI < 0.95 and SRMR>0.08. However, two-factor, tone
structure, and bi-factor models show an acceptable fit accord-
ing to the goodness-of-fit indices (CFI>=0.95. TLI>=0.95,
SRMR<=0.08). Based on the fit indices, the bi-factor model
shows the best fit compared to other models. Figure 3 shows
a graphic representation of the fitted bi-factor model with a
positive correlation between usability and learnability.

As reported previously, the tone structure has no prac-
tical and theoretical meaning in the context of the SUS
and hence further analysis is not of interest. However, the
two-factor structure concerning usability and learnability
has practical implications and has been explored in the pre-
vious literature. Hence to model multidimensionality, the
bi-factor model is used with a general factor directly influ-
encing all manifest variables along with orthogonal specific
factors (usability and learnability) additionally influencing
distinct subsets of variables.

Following Reise et al.,56 next we calculated advanced
bi-factor indices such as PUC and ECV to decompose variance
and determine the relative strength of the general factor versus
specific factors and quantify the degree of unidimensionality.
The calculated ECV is 0.60 meaning that 60% of the variation
comes from the general dimension. The PUC is 0.36 and the
Omega H value is 0.65. Given that the ECV and PUC values
are less than 0.70, the common variance cannot be considered
as essentially unidimensional. Collectively, these findings sug-
gest that the presence of some multidimensionality cannot be
eliminated and SUS cannot be completely regarded as essen-
tially unidimensional.56

Table 3. Demographic characteristics of respondents (N =668).

Variable Label n (%)

Agea Age in years 32.55 (7.33)

Childrena Number of Children 2.55 (1.53)

Education level Primary 16 (2.40)

Secondary 295 (44.16)

Degree 261 (39.07)

Post-graduate 68 (10.18)

Other 28 (4.19)

Employment status Employedb 385 (57.63)

Unemployed 72 (10.78)

Home duties 145 (21.71)

Otherc 66 (9.88)

Marital status Married 577 (86.38)

Otherd 91 (13.62)

Gender Female 531 (79.49)

Male 135 (20.21)

Prefer not to answer 2 (0.30)

User’s app experience More than once daily 136 (20.36)

Daily 187 (27.99)

Weekly 205 (30.69)

Fortnightly 71 (10.63)

Monthly 69 (10.33)

aMean (SD).
bEmployed full or part-time.
cfull-time carer, student, or unable to work due to personal or health
reasons.
dDefacto relationship, separated, divorced, never married, other.
App: application.
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Discussion
Mobile apps have made it possible to deliver evidence-
based health and well-being information to a wider audi-
ence (e.g. parents, caregivers); however, to generate impact
at scale, it is important for developers and researchers to
continuously test, validate, and evaluate apps to provide
optimised and culturally informed experiences for end

users. In cross-cultural contexts, it is important that the reli-
ability of evaluation instruments such as SUS is not
assumed, but rather tested and validated. We explored the
factor structure of the SUS in the context of a childrearing
app for a diverse group of caregivers in five LMICs. Our
findings indicate that the SUS has acceptable reliability
and is a valid measure for mobile-based parenting apps
aimed at supporting children’s social, emotional, and cogni-
tive development in diverse contexts. Notably, our findings
show that the SUS is not essentially unidimensional, and
that the subscales (learnability/usability) cannot be disre-
garded in our context. Various reasons could help explain
this finding. Specifically, recent research shows the amount
of user experience with a product as one of the possible
determinants of the factor structure of the SUS.22 Their find-
ings suggest the SUS is a one-factor scale when completed
by users with less experience and a two-factor scale for
users with more experience with the product.

The two-factor structure may also emerge when users
spend more time with a product to acquire more learning

Figure 2. Scree plot from the factor analysis of SUS statements.
SUS: System Usability Scale.

Table 4. Summary statistics of individual statements and total
SUS score.

Variable Mean Std.dev Rangea

SUS 1 4.02 0.75 1-5

SUS 2 2.51 0.97 1-5

SUS 3 3.95 0.64 1-5

SUS 4 3.98 1.03 1-5

SUS 5 3.91 0.80 1–5

SUS 6 2.53 0.98 1-5

SUS 7 3.89 0.76 1-5

SUS 8 2.47 0.98 1-5

SUS 9 3.91 0.76 1-5

SUS 10 3.99 1.03 1-5

Total Score 65.07 12.54 27.5–100

aEach SUS statement ranges from strongly disagree (=1) to strongly agree
(=5).
SUS: System Usability Scale.

Table 5. Goodness of fit indices for four evaluated models.

Model Chi-square Dfa CFIb TLIc SRMRd

One-factor 390.5 35 0.716 0.635 0.137

Two-factors 139.8 34 0.949 0.950 0.069

Tone model 142.1 34 0.952 0.956 0.064

Bi-factor 27.1 24 0.998 0.996 0.033

aDegree of freedom.
bcomparative fit index.
cTucker Lewis index.
dstandardised root mean square residual.
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(or what the previous research mentioned as learnability).4

As ECD and childrearing practices are influenced strongly
by local cultures, there is potential for users to have difficulty
aligning app contents with existing perspectives on childrear-
ing, hence requiring more learning to close this gap. In other
words, more time may be required for users to personally
adapt the content to their own culture and context. Indeed,
beyond new learnings from digital health interventions,
such as Thrive by Five, parenting practices are ongoingly
and dynamically influenced by a myriad of factors including
cultural beliefs, personal experiences, economic and social
status, personal goals and priorities, family dynamics, and
social media.5 In such circumstances where a product or
application serves as an educational platform, the learnability
dimension may have more weight than usability particularly
depending on how the new learnings align with other infor-
mation sources or beliefs with regard to parenting.

Our heterogeneous sample contains large variations in users’
experience with the app, education levels, and employment sta-
tus. Almost half the caregivers reported use of the app either
daily or more than once daily. This high frequency of use
may be explained by users having to adapt to a new platform.
Thus, it can be inferred that more learning was required to trans-
late knowledge into positive caregiving practices. This pattern
appears in the statement-wise summary statistics reported in
Table 4. The table shows that a relatively higher proportion
of the respondents reported learnability issues by agreeing
with the statements that they needed the support of a technical
person and that they needed to learn a lot of things before get-
ting going with the app. There is also a relatively higher vari-
ation in respondents’ responses to these two statements.

The total SUS score in our pooled sample falls below
acceptable standards. As is explained above, a relatively
higher tendency of participants toward learnability chal-
lenges could be one of the reasons for a low total usability
score in our data. Further, examination of differences based
on demographic variables allows us to draw additional
inferences. Specifically, the statistically significant negative
association between the age of the participant and usability
in our sample may indicate that young users find the app
relatively more usable compared to older users, a finding
consistent with the previous research.21 We also found
that parents and caregivers with relatively more children
who were not employed full- or part-time reported poorer
usability scores compared to their counterparts. For
example, parents (particularly mothers) with more children
are less likely to engage in paid employment,58 may not
have time to ‘learn’ the app due to finite levels of resources
(time, energy, etc.) and therefore report poor usability.
Collectively, these factors provide suggestive evidence of
the underlying mechanisms behind the below acceptable
usability score in our data.

Based on our analyses, the SUS appears to have a multi-
dimensional structure and the subscales usability and learn-
ability provide additional information that could be specific
to our context – typical caregivers in LMICs with no or very
limited exposure to the product and substantial variability in
relation to education levels, employment status, age, and
number of children. This has significant implications for
interpreting SUS scores for other mHealth apps scaling in
global settings where issues of learnability may need to
be addressed to achieve acceptable usability. However,

Figure 3. Factor structure of the bi-factor model.

Khan et al. 9



there are some limitations that we would like to mention.
The sample comes from culturally and linguistically diverse
contexts that may have influenced variability (standard
errors) in our reported estimates. As we mentioned earlier,
the survey was translated from English into up to three local
languages in participating countries to enable participants to
provide their responses in their preferred language. The reli-
ability (ω) coefficients range from 0.79 to 0.89 in five coun-
tries suggesting that SUS is a reliable tool measuring users’
experience with Thrive by Five. However, we were unable
to produce convincing findings on the factor structure of
SUS by each participating country owing to small sample
sizes that influence goodness-of-fit indices and may con-
taminate results.59

Conclusion
With the universal endorsement of ECD in the 2030 sustain-
able development goals, there is a growing trend in the use of
digital learning platforms to help parents and caregivers in
LMICs address the risks of suboptimal development in
young children. While technology has the potential to sup-
port the scaling up of ECD programs in diverse contexts, it
entails challenges regarding culture, language, digital liter-
acy, and training. It is therefore important to understand
the usability of digital applications targeted toward ECD in
specific contexts. In pursuit of this goal, it is imperative
that evaluation tools for assessing these impact measures
are scrutinised for validity and reliability, particularly when
they are used in diverse contexts. In this article, we explore
the reliability and factor structure of the SUS in the context
of a childrearing app in five LMICs. We demonstrated that
the SUS had good psychometric properties and is a valid
and reliable tool for assessing the usability of mobile apps
when used by parents and other caregivers for children’s
socioemotional and cognitive development. However, it
appears to have a multidimensional structure that could be
specific to contexts where there users’ experiences, expo-
sures, cultures, and languages are variable. The subscales
of usability and learnability provide additional information
that is not already contained in the total SUS score, highlight-
ing the need to examine demographic, knowledge-based, cul-
tural, or contextual factors that may make it more difficult for
a user to ‘learn’ an app. Thrive by Five and other parenting
applications interacting with cultures and requiring cultural
adaptation need further inquiry ideally at the levels of indi-
vidual countries or cultures to produce targeted findings for
the designers and consumers in this discourse.
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33. Blažica B and Lewis JR. A Slovene translation of the System
Usability Scale: the SUS-SI. Int J Hum Comput Interact
2015; 31: 112–117.

34. Martins AI, Rosa AF, Queirós A, et al. European Portuguese
validation of the System Usability Scale (SUS). Procedia
Comput Sci 2015; 67: 293–300.

35. Hvidt JCS, Christensen LF, Sibbersen C, et al. Translation and
validation of the System Usability Scale in a Danish mental
health setting using digital technologies in treatment interventions.
Int J Hum Comput Interact 2020; 36: 709–716.

36. Bangor A, Kortum P and Miller J. Determining what individ-
ual SUS scores mean: adding an adjective rating scale. J
Usability Stud 2009; 4: 114–123.

37. Borsci S, Federici S and Lauriola M. On the dimensionality
of the System Usability Scale: a test of alternative measure-
ment models. Cogn Process 2009; 10: 193–197.

38. Kortum P and Sorber M. Measuring the usability of mobile
applications for phones and tablets. Int J Hum Comput
Interact 2015; 31: 518–529.

39. LaMonica HM, Song YJ, Loblay V, et al. Promoting social,
emotional, and cognitive development in early childhood: a
protocol for early valuation of a culturally adapted digital
tool for supporting optimal childrearing practices. Digit
Health 2024; 10: 20552076241242559.

40. Sousa VD and Rojjanasrirat W. Translation, adaptation and
validation of instruments or scales for use in cross-cultural
health care research: a clear and user-friendly guideline. J
Eval Clin Pract 2011; 17: 268–274.

41. Harris PA, Taylor R, Thielke R, et al. Research electronic
data capture (REDCap)—a metadata-driven methodology
and workflow process for providing translational research
informatics support. J Biomed Inform 2009; 42: 377–381.

42. PH RT, Minor B, Elliott V, et al. The REDCap consortium:
building an international community of software partners. J
Biomed Inform 2019; 95: 103208.

43. Lorenzo-Seva U. SOLOMON: a method for splitting a sam-
ple into equivalent subsamples in factor analysis. Behav Res
Methods 2022; 54: 2665–2677.

44. Fokkema M and Greiff S. How performing PCA and CFA on
the same data equals trouble. Massachusetts: Hogrefe
Publishing, 2017.

45. Tabachnick B and Fidell L. Using multivariate statistics.
Boston: Pearson Education, Inc, 2007.

46. Field A. Discovering statistics using IBM SPSS statistics:
(and sex and drugs and rock’n’roll). Andy Field: Sage, 2013.

47. Kline RB. Principles and practice of structural equation
modeling. 2nd ed. New York, NY, US: Guilford Press,
2005, pp.xviii, 366.

48. Kaiser HF. An index of factorial simplicity. Psychometrika
1974; 39: 31–36.

49. Rosseel Y. Lavaan: an R package for structural equation
modeling. J Stat Softw 2012; 48: 1–36.

50. Revelle WR. psych: procedures for personality and psycho-
logical research. 2017.

51. Brown TA. Confirmatory factor analysis for applied
research. New York: Guilford Publications, 2015.

52. Reise SP. The rediscovery of bifactor measurement models.
Multivariate Behav Res 2012; 47: 667–696.

53. Hu L and Bentler PM. Cutoff criteria for fit indexes in covari-
ance structure analysis: conventional criteria versus new
alternatives. Struct Equ Model 1999; 6: 1–55.

54. Dueber DM. Bifactor indices calculator: a Microsoft
Excel-based tool to calculate various indices relevant to
bifactor CFA models. 2017.

55. Rodriguez A, Reise SP and Haviland MG. Applying bifactor
statistical indices in the evaluation of psychological mea-
sures. J Pers Assess 2016; 98: 223–237.

56. Reise SP, Scheines R, Widaman KF, et al.
Multidimensionality and structural coefficient bias in struc-
tural equation modeling: a bifactor perspective. Educ
Psychol Meas 2013; 73: 5–26.

57. McLellan S,Muddimer A and Peres SC. The effect of experience
onSystemUsabilityScale ratings.JUsability Stud2012;7:56–67.

58. Cools S, Markussen S and Strøm M. Children and careers:
how family size affects parents’ labor market outcomes in
the long run. Demography 2017; 54: 1773–1793.

59. Bader M, Jobst LJ and Moshagen M. Sample size require-
ments for bifactor models. Struct Equ Model 2022; 29:
772–783.

12 DIGITAL HEALTH


	 Introduction
	 The value of mobile health
	 System Usability Scale
	 Psychometric properties of SUS

	 Methods
	 Study design
	 Participants
	 Data collection
	 Statistical analysis

	 Results
	 Demographic characteristics of respondents
	 Summary statistics of SUS statements
	 Psychometric outcomes

	 Discussion
	 Conclusion
	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


