















































important contexts for offering regular sensory and developmental screening for
children (Abdoola et al., 2019; Smit et al., 2020). Practitioners who work at ECD
centres are educators of young children. They provide services that focus on early
stimulation and can be seen as valuable resources for screening programmes
(Ebrahim et al., 2011; Murray, 2012). The number of children attending ECD centres
is increasing, especially children from age four to six, providing an opportunity for
continuous developmental and sensory screening by ECD practitioners (Abdoola et
al., 2019; Manus et al., 2021). While caregivers at home are traditionally the most
important support for children, increased ECD centre attendance is resulting in ECD
practitioners also becoming primary caregivers for children due to the amount of time
that they spend with the children (Abdoola et al., 2019; Smit et al., 2020). During
screenings, ECD practitioners can report on young children’s developmental and
sensory abilities because they observe and interact with them daily in the ECD class
context (Abdoola et al., 2019; Smit et al., 2020).

Screening services and surveillance in ECD centres may also provide a viable platform
for preventative strategies in low-resourced communities (van der Linde et al., 2015).
Because of the high number of children attending ECD centres, it would be beneficial
if specific screening protocols were routinely implemented at these facilities. A specific
combined developmental and sensory screening programme for ECD centres will
complement the existing developmental and sensory national screening measures put
in place by the healthcare system and will be particularly relevant for low-resourced
communities, where children are often not screened for sensory losses or
developmental delays at birth (van der Linde et al., 2015). Furthermore, by utilising
community settings, developmental delays and sensory losses may be identified
earlier and timely intervention may be provided to facilitate school readiness
(Shahidullah et al., 2020). Screening children at ECD centres in low-resourced
communities is vital as this is often their first opportunity to access services.
Challenges when implementing screening services within the low-resourced context
do, however, exist. These include ECD practitioners’ need for staff support to manage
the increased number of children with and without delays coming to the centres
(Rezzonico et al., 2015). Without the guidance and support of a feasible screening

programme, ECD practitioners may also struggle to judge the needs of all the children
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in their ECD facility because they are not always qualified, and classrooms are full
(Atmore, 2012). Determining the feasibility of an alternative low-cost, holistic,
combined developmental and sensory screening programme in low-resourced
communities and finding extra staff support may help to provide solutions to these

problems.

The lack of healthcare professionals could be addressed by involving community
health workers (CHWS) to assist ECD practitioners with developmental and/or sensory
screening (Manus et al., 2021; van der Merwe et al., 2019). CHWs are
community/auxiliary workers who promote health and well-being within their
community (van der Merwe et al.,, 2019). CHWSs are important members of the
community because they provide alternative access to healthcare, especially for
vulnerable populations. Their primary role is to meet the community’s health needs,
and they play a role in the social well-being of community members (van der Merwe
etal., 2019). CHWs already visit ECD centres to provide health services, and therefore
can offer support to ECD practitioners. In this way CHWs will provide more access to
intervention services, help to identify more children who need intervention services,
and alleviate some of the burden placed on the primary health care (PHC) system in
terms of screening for developmental and sensory delays and losses (Brown,
Samaan, et al., 2020). CHWs and ECD practitioners are key stakeholders supporting
ECD and have the potential to create enabling environments for underserved children
and promoting health and well-being in their communities (World Health Organization,
2018).

CHWs have limited experience with developmental and sensory losses. Nevertheless,
with minimal training to conduct screening, they can help identify children with
difficulties (Eksteen et al., 2019; Manus et al., 2021; Yousuf Hussein et al., 2018).
Even brief training of CHWs has been shown to positively impact attitudes and
implementation of screening, because these health workers have a role to play as
stakeholders in the development and implementation of the screening programmes
from the beginning (Shahidullah et al., 2020; van der Merwe et al., 2019). If CHWSs
and ECD practitioners are motivated to routinely implement screening tools, it will
increase the sustainability of a screening programme and reduce the rate of late

identification of developmental and sensory delays and losses in Grade 1
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(Shahidullah et al., 2020). CHWSs' perspectives about developmental and sensory
screening and about community support have been proven to have a positive and
significant relationship with their current use and intended future use of developmental
and sensory screening tools (Shahidullah et al., 2020). Streamlined design of an
effective and successful combined sensory and developmental screening system,
however, requires a holistic approach and various preliminary trials. Aspects to be
carefully assessed include the use of mobile technology, the training and monitoring
of CHWs, the support of community partners, and effective referral systems (Eksteen
et al., 2019; van der Merwe et al., 2019).

Of late, there has been a shift from paper-based tools for screening to the use of
mobile technology screening or mHealth, which is providing a solution to financial
constraints (Maleka et al., 2016). Recent evidence demonstrates that mHealth-
supported screening reinforces task-shifting by enabling CHWs to offer sensory and
developmental screening using validated applications that are automated and easy to
operate (Dawood et al., 2020; Manus et al., 2021; van der Merwe et al., 2019). This
facilitates better access to early detection and developmental and sensory surveillance
for vulnerable children and their families (Eksteen et al., 2019; van der Merwe et al.,
2019).

Mobile health, also known as mHealth, is based on mobile technology and involves
the use of applications on a smartphone or other technological device. These
applications may provide access to validated screening tests which can be carried out
with the use of technology (du Toit et al., 2021b; Manus et al., 2021; Swanepoel et al.,
2014; Yousuf Hussein et al., 2018). Task-shifting, which is recommended by the WHO
in resource-constrained settings, is a way to make services more accessible in LMICs
(Suen et al., 2019; WHO, 2021). mHealth-supported hearing, visual acuity, and
developmental screening tools have been identified as low-cost alternatives to paper-
based procedures (du Toit et al., 2021b; Eksteen et al., 2019; Manus et al., 2021; van
der Merwe et al., 2019). mHealth has been reported to be time-efficient, user friendly,
and valuable in terms of utility, outcomes, and contribution to developmental
knowledge for community members (du Toit et al.,, 2021a; Eksteen et al., 2019).
Sensory and developmental screening using mHealth tools could also advance the

ECD practitioners’ knowledge and awareness more efficiently than paper-based tools,
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as results are available immediately (Brown, Eccles, et al., 2020). There was
previously some concern about using mHealth in low-resourced communities as there
was limited access to technology. mHealth has been proved effective, however, as the
availability of mobile phone technology is constantly increasing in these environments
(Yousuf Hussein et al., 2018). South African health practitioners are focusing on
mHealth screening procedures in ECD centres to establish better intervention
strategies for low-resourced communities (van der Linde et al., 2015). These tools
have been used successfully in low-resourced communities in recent years, and
uptake statistics of the use of smartphones showed a 71% increase in awareness and
responsiveness to care (Coleman et al., 2020; Eksteen et al., 2019; van der Merwe et
al., 2019).

The prevalence of combined sensory losses and developmental delays is increasing
globally. Accordingly, both need to be monitored routinely (Eksteen et al., 2019; van
der Merwe et al., 2019). Sensory screening programmes conducted successfully by
CHWs in low-income settings for children between the ages of four and nine years
have already been reported in previous studies (Eksteen et al., 2019; Manus et al.,
2021). In previous studies, developmental screening measures conducted by CHWs
have also shown potential for implementation within low-resourced communities for
children aged one to six years of age (du Toit et al., 2021b; van der Merwe et al.,
2019). mHealth-supported tools are effective in furthering community-based
developmental and sensory screening in a time-efficient, low-cost, and accessible
manner (du Toit et al., 2021b; Eksteen et al., 2019).

In LMICs, including South Africa, there has been no research to date evaluating the
use of mHealth-supported combined developmental and sensory screening
programmes for ECD-aged children between four and six years old. The rationale for
combining developmental and sensory screening is that the CHW can use the same
smartphone device to offer a broader range of screenings of critical aspects related to
ECD. Various publications have indicated that the implementation of a combined
mHealth-supported developmental and sensory screening programme should be
explored (Department of Basic Education, 2014; Eksteen et al., 2019; van der Merwe
et al., 2019). It is important to foster collaboration across key stakeholders within low-

resourced communities and provide efficient service delivery to these populations. The
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aim of this study was to describe a combined mHealth-supported developmental and
sensory screening programme conducted by CHWSs in a low-income community
regarding the referral rate, duration of screening, and the perspectives of Community

Health Workers and Early Childhood Development practitioners.

1.2 Clarification of terms used in the dissertation

Community healthcare worker (CHW): CHWs are community/auxiliary workers who
promote health and well-being within their community (van der Merwe et al., 2019).
CHWs are important members of the community because they provide alternative
access to healthcare, especially for vulnerable populations. Their primary role is to
meet the community’s health needs, and they play a role in the social well-being of

community members (van der Merwe et al., 2019).

Developmental delay: When norms and milestones, which are standards by which the
progress of a child’s development can be measured at distinct phases and stages,
have not been achieved at these specific stages, a developmental delay is indicated
(Campbell, 2012; Guralnick, 2017).

Early childhood development (ECD): The physical, psychological, cognitive, and social
development that a child experiences between birth and school-going age; most
notably expressed through ‘developmental norms’. These norms are defined as
standards by which the progress of a child’s development can be measured at distinct

phases and stages (Campbell, 2012; Guralnick, 2017).

Early identification: Timely identification of any delays or impairments before age
three, because it is the critical developmental period as neural plasticity is still

prominent (Demirci & Kartal, 2018).

ECD centre: In LMICs like South Africa, ECD centres are institutions in the contexts
of poverty that provide resources for support, care, and intervention for poor and
vulnerable young children and their families. ECD centres play an important role in
meeting young children’s rights to health, nutrition, care, education, and protection in
low-income communities (Atmore, 2012; Chikwiri & Musiyiwa, 2017; Ebrahim et al.,
2011).
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ECD practitioner: ECD practitioners at ECD centres in low-resourced communities
play a significant role as educators of young children through services aimed at early
stimulation, parent education, access to services, building resilience, and curbing
risks. This is important in underserved communities due to the lack of developmental
care services and infrastructure (Chikwiri & Musiyiwa, 2017; Ebrahim et al., 2011;
Murray, 2012).

Low- and middle-income country: Countries are categorised according to gross
national income (GNI) per capita, with low-income countries having a GNI per capita
of R19 604 - R76544 (Manus et al., 2021).

mHealth screening: mHealth or mobile health that involves the use of applications on
a smartphone or technological device that give access to the validated screening tests.
The tests can be carried out with the use of technology (du Toit et al., 2021b; Manus
et al., 2021; Swanepoel et al., 2014; Yousuf Hussein et al., 2018).

Sensory loss: Disabilities where any aspect of the auditory or visual sensory systems
is impaired and not functioning typically (Manus et al., 2021).

1.3 Outline of chapters presented in the dissertation

Chapter 1: Introduction to the topic, the rationale of the study, and clarification of

terminology used in the dissertation.

Chapter 2: Discussion of the method used in the study including the aim, research
design, ethical considerations, participant information, materials and apparatus,
procedures, data analysis, and reliability and validity.

Chapter 3: Research article published in the journal Early Child Development and
Care. The formatting of Chapter 3 differs from that of the rest of the dissertation, as it

was structured according to the author guidelines of the journal.

Chapter 4: A comprehensive look at the study findings. The contributions, strengths
and limitations of the study, theoretical and clinical implications and recommendations
for future research are described. The chapter ends with the conclusion, and is

followed by the references and appendices.
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Chapter 2

Method

Chapter aim and outline

This chapter provides a full description of the research process and methods used
in the study. The research aim and design, ethical considerations, and detailed
descriptions of the participants, setting and materials are provided. The

procedures for data collection analysis and the reliability and validity of the study

are described at the end of this chapter.

2.1 Research Aim

To describe a combined mHealth-supported developmental and sensory screening
programme for ECD children aged four to six years, conducted by CHWSs in a low-
income community, regarding the referral rate, duration of screening, and the
perspectives of the Community Health Workers and the Early Childhood Development

practitioners involved.

2.2 Research Objectives

e To quantitatively describe the referral rate of the combined mHealth-supported
screening programme.

e To describe the total duration of the combined mHealth-supported screening
programme.

e To qualitatively describe the perceived value of the combined mHealth-
supported screening programme reported by key stakeholders, namely the
CHW and ECD practitioners.

2.3 Research design

A descriptive, cross-sectional research design was implemented. This design allowed
for data which was collected, including the developmental, hearing, and vision
screening results and CHW and ECD practitioner perspectives, to be analysed and
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described (Brink et al., 2018). This study was exploratory in nature as there were no
previous studies, to our knowledge, from low-income South African communities that
had investigated the combined developmental and sensory mHealth-supported

screening programmes with children aged four to six years old.

Both quantitative and qualitative data were analysed from the collected screening
outcomes and questionnaire responses. The quantitative nature of the study
generated numerical data from the closed-ended questionnaire and screening
outcomes that were analysed and therefore described the developmental screening
programme in conjunction with the sensory screening programme. Qualitative data
was collected by obtaining CHW and ECD practitioner perspectives using open-ended

guestions regarding the combined screening programme.

2.4 Ethical considerations:

This study was part of an ongoing research project that the hearX group implemented
in the Western Cape community. The hearX group is a vision-led, value-driven
company whose mission is to provide affordable access to hearing care by means of
smart digital health solutions for anyone anywhere. The hearX group obtained ethical
clearance with the Faculty of Humanities at the University of Pretoria to carry out the
project (GW20170922HS) (Appendix A). Ethical clearance was applied for at the
Research Ethics Committee of the Faculty of Humanities, University of Pretoria
(HUMO0O03/0621) (Appendix B). The study adhered to the following guidelines of ethical
conduct in research (Brink et al., 2018):

e Informed consent: Informed consent forms and the PEDS tools used in the
previous project were available in English and translated to isiXhosa, thus
accommodating the two dominant languages of the research setting. The CHW
and ECD practitioners at the ECD centres were approached by hearX and
requested to provide consent to participate in the screening programme. The
CHW and ECD practitioners were also asked by hearX to consent to providing
their perspectives about the combined mHealth-supported screening
programme once all 63 children were screened. The caregivers were
approached to provide consent for the children in their care to participate in the

combined mHealth screening procedures. Although all children in the ECD
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centre in the age range of four to six years old were eligible to participate, only
children in the care of caregivers who returned consent forms were included.
Before the screening took place, the CHW also obtained assent from the
children by explaining to them how everything would work and then asking them
if they were willing to participate. The project was culturally and linguistically
sensitive as the ECD practitioners and the CHW were from the same
community as the children, so that screenings were conducted in the
participants’ preferred language.

Beneficence: Children received the screening and were referred to relevant
healthcare providers, according to the hearX group’s referral procedures, if the
possible presence of developmental, visual, or hearing difficulties was identified
during screening (American Psychological Association, 2020).

Permission: hearX has provided the researchers of the current study with
permission and verbal assent to access the collected data in the form of
anonymised Excel spreadsheets for reanalysis (Appendix C).

Anonymity: Anonymity was ensured as the personal information of participants
in the hearX research project was not given to the researcher of this study (Brink
et al., 2018). Personal information was obtained in the hearX project in the
consent forms, but only the screening project coordinator of the project had
access to the personal data. The data obtained from the project was provided
as an anonymised Excel spreadsheet of the raw data with alphanumeric codes
for each participant. No personal information was provided or used during data
analysis or reporting of the findings, only demographic information was used
and associated with a participant number.

Data storage: Data was sent from the CHW to the researcher via a password-
protected Google Drive folder and will be stored for a minimum period of 10
years on the University of Pretoria data repository. The data was downloaded
from the Google Drive folder for analysis and then the folder was deleted so
that the researcher did not have a stored copy of the raw data. To adhere to
institutional guidelines of the University of Pretoria, data that was used in this
study was stored electronically on the University of Pretoria data repository.
The raw data was stored on the University of Pretoria data repository as a
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password-protected Excel spreadsheet that ensured the reliability and
trustworthiness of the data.

e Analysis and reporting: The integrity of the research findings was maintained
as the science of the study progressed through honest reporting and description
(American Psychological Association, 2020). All findings were included in the
study and any limitations were acknowledged to guide future research.

e Plagiarism: All sources that were consulted were referenced and cited
according to the American Psychological Association guidelines, 7! edition
(American Psychological Association, 2020). Other researchers’ findings were
acknowledged, and the researcher did not claim ownership of other

researchers’ work (American Psychological Association, 2020).

2.5 Research setting

Data was collected over eight separate days in 2021 at ECD centres, Vukukhanye
(Image 2.1), Sunrise Educare and Kanyisa Educare, in Mbekweni, Drakenstein
Municipality, Western Cape, South Africa as part of a larger ongoing hearX group
project. This project is investigating all aspects of accessible mHealth screening in
low-income communities through multiple studies. The community, Mbekweni, is
situated between Paarl and Wellington and forms a continuous urban area within the
Drakenstein Municipality. As of 2011, it had a population of approximately 30 875
residents with the dominant language being isiXhosa (Statistics SA, 2011). Most of the
households within the study area are classified as low- and middle-income with 29%
of the population earning ZAR2494 or less per month and 65% earning ZAR12 585 or
less per month (Statistics SA, 2011). Mbekweni has three primary schools, two high
schools, and more than 30 ECD facilities.
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Image 2.1: Vukukhanya Educare Centre in Mbekweni, Western Cape

2.6 Participants
2.6.1 Selection criteria

The criteria for participation in the hearX group project are found below. Only complete
data sets that meet the inclusion criteria were analysed and reported on. The
caregivers of children who attended one of three ECD centres, the ECD practitioners,
and the CHW participated and gave consent for the necessary information to be
published. Participation was not subject to home language, culture, or any biological
factors. The combined mHealth-supported screening programme was conducted by a
CHW for the children, with their ECD practitioners assisting in completing the
developmental screening. The mHealth developmental and sensory screening tools
used were originally developed in English but were translated into isiXhosa by the
CHW. The children (n=63) were between the ages of four years, one month and six
years, eleven months, with the average age of the children being 61.78 months (SD
6.131) while 56% of the children were male (Table 2.1). None of the children had

received developmental or sensory screenings before.

The CHW is a qualified ECD practitioner. She supports all three ECD centres and has
previous training and experience with both mHealth-supported hearing and vision
screening tools. She had also recently received training to use the mHealth-supported
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development screening tool. The ECD practitioners (n=5) were employed by the
participating ECD centres and worked with the children in the selected age range. The
ECD practitioners had not previously been involved in any screening programmes.
The ECD practitioners have an average of five years’ (SD 3.633) experience, and their

ages averaged at 40 years old (SD 7.497).
Table 2.1

Demographic information of children

Children age in months (n=63) Percentage
49-53 7.9% (n=5)
54-58 22.2% (n=14)
59-65 47.6% (n=30)
66-72 15.9% (n=10)
73-83 6.3% (n=4)

Children gender (n=63)

Male 55.6% (n=35)
Female 42.9% (n=27)
Undisclosed 1.6% (n=1)

2.6.2 Sampling method

The project made use of purposive non-probability sampling. This type of purposive
sampling technique involves researchers using their expertise to select a sample that
is most useful for the purposes of the research (Etikan et al., 2016). Analysis of the
data from the hearX project made it possible to determine in the current study whether
a developmental screening component added to the existing sensory screening

approach will be utilisable in low-resourced settings or not.

2.7 Materials and apparatus

The following mHealth screening measures were implemented by the CHW using the
same smartphone throughout, with the assistance of ECD practitioners only for the

developmental screening:
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2.71 The mHealth developmental screening consisting of the Parents’
Evaluation of Developmental Status (PEDS) and PEDS Developmental
Milestones (PEDS: DM) tools (Glascoe, 2015)

The PEDS tools are based on childhood development and developmental milestones
that should be present at certain ages as well as caregiver-report on the development
observed. The domains screened included expressive language, receptive language,
fine motor skills, gross motor skills, self-help, social-emotional skills, maths and
reading skills. The PEDS tools consist of 16-18 multiple-choice questions based on
the age of the child. The tools have validated referral algorithms and have been used
successfully in South Africa (Abdoola et al., 2021; du Toit et al., 2021b; van der Merwe
et al., 2019). Items in the PEDS tools are specifically formulated for use with prominent
caregivers in children’s lives, including parents and ECD practitioners, using questions
regarding everyday activities to determine the child’s level of development. Further
explanations and examples have been added to each question to make it easy for the
caregivers to understand what is being asked (du Toit et al., 2021b; Glascoe, 2015).
A dropdown list provides multiple specific response options for each question, and the
most relevant answer is then selected by the ECD practitioner. The maths and reading
guestions are relevant for all children as the questions are scaffolded appropriately
according to age. In the case of four-year-old children, emergent math, and literacy
skills such as the number and letter identification are screened. Predictive concerns
are those concerns reported by caregivers that can lead to a developmental
disability/disorder in future, whereas non-predictive concerns do not warrant
immediate referral or concern. Referral criteria used for the PEDS tools in this study
relied on ECD practitioner concerns and therefore two or more predictive concerns
were interpreted as an immediate indicator for referral and only one predictive concern
being dependent on passing or receiving a “refer” rating on the PEDS: DM (Figure 2.1)
(Glascoe, 2015; Maleka et al., 2019). Non-predictive concerns, caregivers having
difficulty communicating their concerns, and no parental concerns were all deemed a
pass (Figure 2.1) (Glascoe, 2015; Maleka et al., 2019). Use of these referral criteria
has reduced false negatives by 12% in previous studies conducted within a high-risk

population such as Mbekweni (van der Merwe et al., 2019).
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-Two or more -One predictive -Non-predictive -Parents have -Low-risk path
predictive health concem concems difficulty -No parental
concerns -Second screen -Provide communicating concerns

-Immediate recommended counselling their concems -Screen deemed
referral for a pass
diagnostic
assessment

Figure 2.1: Evidence-based pathways of the PEDS (Glascoe, 2015)

2.7.2 Hearing and visual acuity outcomes using the mHealth-supported

technology platform (hearX Group, Pretoria, South Africa)

There is an integrated suite for both sensory screening applications (hearX Group)
and they have been used in previous studies conducted in low-resourced settings
(Eksteen et al., 2019; Manus et al., 2021). Firstly, the hearScreen™ (hearX Group)
hearing screening application (Dawood et al., 2020; Manus et al., 2021; Swanepoel et
al., 2014) was used on a Samsung A3 smartphone with the latest Android operating
system at the time of screening, connected to supra-aural Sennheiser HD280
headphones and calibrated according to prescribed standards to monitor
environmental noise (International Organization for Standardization, 1SO 389-1)
(Yousuf Hussein et al., 2018). hearScreen™ has been validated and is an accurate
pure tone audiometry screening tool for children (Eksteen et al., 2019; Manus et al.,
2021; Swanepoel et al., 2014). Referral criterion for the screen was an inability to hear
1, 2 or 4 kilohertz (kHz) at the 25 decibels (dB) hearing level in either ear.

Secondly, the Vula Vision application (Mapham & Swanepoel, 2020) was used to
screen visual acuity on the same smartphone. This test follows the standard Early
Treatment Diabetic Retinopathy Study chart design, using a Tumbling E optotype, and
is capable of acuity measurements consistent with test-retest variability of acuities
measured using 5-letters-per-line-retro-illuminated LogMAR (Logarithm of Minimum
Angle of Resolution) charts (Bastawrous et al., 2015). Referral criteria for the vision
screen were a visual acuity of less than 0.2 LogMAR in both eyes, or less than 0.3

LogMAR in one eye regardless of acuity in the other eye.
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2.7.3 Community Health Worker and Early Childhood Development Practitioner
Perspectives Questionnaires

Subsequent to the combined mHealth-supported developmental and sensory
screening programme, the CHW and ECD practitioners each completed a
guestionnaire using a five-point Likert Scale. The questionnaires were adapted from a
previously published study (van der Merwe et al., 2019) and consisted of eight
guestions for the ECD practitioners and ten questions for the CHW. Response options
regarding their perspectives of the combined mHealth-supported screening
programme ranged from strongly agree to strongly disagree. The ECD practitioners
only answered questions about the mHealth developmental screening as they were
not involved in the sensory screening. Questions explored participants’ perspective of
the effectiveness, efficiency, and/or efficacy of the training, the combined screening,
the language, and phrasing used, the location, and the participants chosen, as well as
their overall perspective of the screening programme. An open-ended guestion was
asked at the end of the questionnaire to elicit additional comments.

2.8 Procedures for data collection

The current study prospectively analysed data from a larger screening project. In the
project, the CHW, who had already been trained in sensory screening, received
training to administer the developmental screening using the PEDS tools application.
Before screening took place, the CHW obtained assent from the children by explaining
how the process would work and then asking them if they were willing to participate
(Image 2.2). Hearing and vision conditioning then took place with the children prior to
the formal screening (Image 2.2). Finally, the combined mHealth-supported screening

programme was conducted.
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Image 2.2: Conditioning procedure of the sensory screening tests

The CHW first conducted the hearScreen™ (Image 2.3) and Vula Vision screening
(Image 2.4) tools with each child, which took approximately three minutes in total for
each individual. She then administered the PEDS tools to each child, with the ECD
practitioner answering the questions about the children (Image 2.5). The combined

screening took approximately 11 minutes and 30 seconds for each individual.

Image 2.3: A look at how the hearing screening was conducted
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Image 2.5: A look at how the developmental screening was conducted, with the

primary author present

The algorithm was automatically applied to the smartphone application and the results
were generated, including referrals. The CHW then recommended that children who
did not pass the hearing screen were rescreened, and if they received a “refer” rating
a second time, they were referred on to the audiologist at the local government hospital
for a comprehensive hearing test. Children who did not pass the vision screening were
rescreened and, if they did not pass a second time, were then referred to the primary

healthcare facility in the community for a diagnostic optometric evaluation (Image 2.6).
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Image 2.6: The Vision Box facility where further optometric evaluation occurs

The hearing and vision rescreen in this study are standard protocols. The applications
have been developed in this manner to reduce over-referrals. Children who did not
pass the developmental screening but with only one predictive concern received
guided interventions in class from the ECD practitioners, and those who were identified
as high risk, with two or more predictive concerns for developmental delays, were
referred for further developmental intervention at the local hospital. The CHW and
ECD practitioners were lastly asked to complete a questionnaire based on their
perspectives of the screenings once all 63 children were screened. For the current
study, anonymised Excel spreadsheets from the screening project’'s data were
analysed, specifically the variables for referral rates and the duration of the combined
mHealth-supported screening programme. The anonymous questionnaires were also
reviewed and analysed to qualitatively describe the perspectives of the key
stakeholders (CHW and ECD practitioners) regarding the combined mHealth-

supported screening programme.
2.9 Data analysis

Descriptive and inferential statistics were employed to describe the quantitative data.
The Statistical Package Social Sciences (SPSS, v27) was used for statistical
calculations and analyses. The Chi-square test with pairwise z-tests was used for

analysing associations between referral rates. Descriptive statistics were used to
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summarise and explain the frequency distribution of sensory losses and
developmental delays from the screenings, the results from the combined screening
programme were analysed, and referral rates were identified (Brink et al., 2018).
Inferential statistics were used to explore the relationships between age and the
developmental and sensory referral rates and between age and the screening
durations to see if there were significant differences in the results with the significance
level / p-value of >0.05 (Leedy & Ormrod, 2016). Qualitative thematic analysis was
used to explore the qualitative data concerning the CHW and ECD practitioner
perspectives of the combined screening programme from the screening outcomes and
comments in the questionnaire. A deductive approach was used to determine the
presence of preconceived themes, based on theory and existing research (Clarke &
Braun, 2015; Leedy & Ormrod, 2016).

2.10 Reliability and validity

The data was investigated according to the study’s eligibility criteria to maintain
internal validity (Leedy & Ormrod, 2016). Content and face validity were ensured as
the Vula Vision, hearScreen™ and PEDS tools using mHealth-supported technology
on the smartphones were calibrated, authenticated, and protected using passwords
so that data remained confidential and there was no tampering with data.
Representative reliability was achieved by reporting on all complete data sets without
exclusion (Brink et al., 2018). If data sets were incomplete, they were excluded from
the study. Each screening was conducted by a trained and experienced CHW who
had conducted sensory screening before, thus ensuring reliable outcomes. Only one
person, the same CHW throughout, conducted the screening using the same method
in each case, which ensured reliability. The screening was also conducted in
collaboration with ECD practitioners with whom the children were familiar and who
interacted with the children often, which further ensured reliable outcomes. Reliability
and validity were further guaranteed by consistent instrumentation of materials used,
which provides good information for results and for future prospective studies to take
place (Tofthagen, 2012). The CHW speaks the same language as the children, which
improved the ecological reliability and validity of the study. Lastly, perspectives were
collected from key stakeholders in the community, which also improved the reliability

and validity of the larger project.
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Combined screening of early childhood development, hearing and vision by

community health workers using mHealth tools in a low-income community

Abstract: Children in low-income communities are at increased risk for developmental delays
and sensory losses. Difficulties should be identified as early as possible to reduce the impact on
development and later academic achievement. mHealth or mobile health involves applications
on a smartphone or technological device that have the validated screening tests on them and can
be done technologically. mHealth screening tools can enable task-shifting, allowing community
health workers to detect developmental delays and sensory losses. Combined screening
approaches should be trialled to evaluate feasibility. This study aims to describe a combined
(developmental and sensory — hearing and vision) mHealth-supported screening programme
conducted by community healthcare workers at early childhood development centres in a low-
income community. mHealth screening tools for development, pure tone audiometry and visual
acuity were used. One community health worker conducted the combined screening programme
with children aged four to six years (n=63). Early childhood development practitioners (n=5)
assisted with the developmental screening. The referral rates were 30% (n=19) for development,
6% (n=4) for hearing and 5% (n=3) for vision. The total average screening time for the combined
screenings was 11.72 minutes (SD 3.45 minutes). Post screening, the community health worker
and early childhood development practitioners completed a questionnaire probing their
perspectives and experiences of the combined screening programme, which were mostly positive.
A combined mHealth-supported screening programme conducted by community health workers
and early childhood development practitioners appears viable and can support the early detection

of developmental delays and sensory losses in young children from low-income communities.

Keywords: Developmental screening; sensory screening; community health workers; ECD

practitioners; combined mHealth-supported screening; low-income community
Introduction

Over 200 million children from low- and middle-income countries (LMICs), including South
Africa, are at increased risk for developmental delays and sensory losses due to the cumulative
effect of continuous exposure to risk factors, such as premature birth and poverty (Jensen et

al., 2017; Scherzer et al., 2012; van der Linde et al., 2015). The co-occurrence of combined
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developmental delays and sensory losses is therefore becoming more common (Olusanya et
al., 2018). Hearing and vision loss are present among children under five years of age,
respectively affecting 15.5 and 25.2 million children globally (Olusanya et al., 2018).
Developmental delays in LMICs are even more prevalent among children under five years of
age, affecting an estimated 250 million children globally (Olusanya et al., 2018). Adequate
vision and hearing are vital for learning and brain plasticity as typical development occurs
through natural interaction with the environment, which in turn impacts development, and
ultimately, academic success. Visual and hearing loss can therefore exacerbate the risks for
developmental delays in young children (Mosca et al., 2015; White et al., 2017; Yousuf
Hussein et al., 2018). Developmental delays and sensory losses need to be identified as early
as possible using innovative approaches so that children can access intervention to ameliorate
the impact of developmental and sensory barriers (Olusanya et al., 2018; Scherzer et al., 2012).

Many children with developmental delays and sensory losses, especially those from
low-resourced settings, are only identified when they enter formal schooling (May et al., 2020;
Slemming & Bamford, 2018). Late identification occurs due to various factors, including a lack
of accessible screening programmes in LMICs, limited caregiver knowledge about early
childhood development (ECD), as well as the difficulty in identifying developmental delays
and sensory losses in comparison to physical impairments (C. Brown et al., 2020; Eksteen et
al., 2019; Mulwafu et al., 2016; Wapling, 2016). Health and developmental promotion and
prevention services in the ECD years are important because these services allow for timely
identification, early diagnosis, improved monitoring and intervention, and therefore, optimised
learning by school-going age (Eksteen et al., 2019; Shahidullah et al., 2020).

The most effective and timely way to identify and monitor developmental delays and
sensory losses in children from LMICs is by conducting regular developmental and sensory

screening (World Health Organization, 2018). There are, however, limited guidelines for
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developmental and sensory screening in LMICs for children between the ECD ages of four to
seven years and those that do exist are not implemented routinely on a national level (Berry et
al., 2013; Manus et al., 2021; May et al., 2020; Slemming & Bamford, 2018; van der Linde et al., 2015).
Access to services, especially in low-income communities, for children in the ECD stages of
four to six years old, which are critical, is therefore poor (May et al., 2020; Working Paper
Series, 2015). Although the World Health Organization (WHO) recommends the
implementation of increased ECD health services, such as screening, the healthcare systems in
LMICs typically do not have the capacity to provide these services, due to equipment costs and
a shortage of healthcare professionals and facilities (Eksteen et al., 2019; Manus et al., 2021;
World Health Organization, 2021). Innovative solutions to increase accessibility to early
screening programmes are consequently needed.

In LMICs like South Africa, ECD centres may provide a setting for increased access to
screening services. These facilities provide resources for support, care and early childhood
programmes that focus on early development and education of preschool-aged children
(Ebrahim et al., 2011; Smit et al., 2020). As a result, ECD centres or preschool settings; are
becoming important contexts to offer regular sensory and developmental screening for children
(Abdoola et al., 2019; Smit et al., 2020). Practitioners who work at the ECD centres are
educators of young children. They provide services aimed at early stimulation and can be seen
as resources for screening programmes (Ebrahim et al., 2011; Murray, 2012). The number of
children attending ECD centres is increasing, and they are spending more time with ECD
practitioners, therefore in addition to children’s families, ECD practitioners can be considered
one of the children’s primary caregivers (Abdoola et al., 2019; Smit et al., 2020). ECD
practitioners can report on young children’s developmental and sensory abilities during
screenings because they observe and interact with the children daily in the ECD class context

(Abdoola et al., 2019; Smit et al., 2020).
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ECD practitioners, as well as community healthcare workers (CHWS), are key role-
players who are instrumental in supporting ECD, creating enabling environments for
underserved children and promoting health and well-being in their communities (World Health
Organization, 2018). In many South African communities, CHWs already visit ECD centres to
provide health services and increase health awareness and therefore may be able to offer
support to ECD practitioners (Eksteen et al., 2019). CHWSs have limited experience with
developmental and sensory losses, nevertheless, with minimal training to conduct screening,
they can help identify children with difficulties (Eksteen et al., 2019; Manus et al., 2021;
Yousuf Hussein et al., 2018). CHWs and ECD practitioners could alleviate some of the burden
placed on the healthcare system by conducting screening for developmental delays and sensory
losses (Brown et al., 2020).

Recent evidence demonstrates that mHealth-supported screening supports task-shifting
by enabling CHWs to offer sensory and developmental screening using validated applications
that are automated and easy to operate (Dawood et al., 2020; Manus et al., 2021; van der Merwe
etal., 2019a). mHealth or mobile health involves applications on a smartphone or technological
device that have the validated screening tests on them and can be done technologically (du Toit
et al., 2021b; Manus et al., 2021; Swanepoel et al., 2014; Yousuf Hussein et al., 2018). Task-
shifting, which is recommended by the WHO in resource-constrained settings, is thus a way to
make services more accessible and contextual in LMICs (Suen et al., 2019; WHO, 2021).
mHealth-supported hearing, visual acuity, and developmental screening tools have been
identified as low-cost alternatives to paper-based procedures (du Toit et al., 2021b; Eksteen et
al., 2019; Manus et al., 2021; van der Merwe et al., 2019a). These tools have been used
successfully in LMICs in recent years (Eksteen et al., 2019; van der Merwe et al., 2019a).

Sensory screening programmes conducted successfully by CHWs in low-income

settings for children between the ages of four and nine years have been established (Eksteen et
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al., 2019; Manus et al., 2021). Developmental screening measures conducted by CHWSs have
also shown potential for implementation within LMICs for children aged one to six years of
age (du Toit et al., 2021b; van der Merwe et al., 2019a). mHealth-supported tools are effective
in supporting community-based developmental and sensory screening in a time-efficient, low-
cost, and accessible manner (du Toit et al., 2021b; Eksteen et al., 2019).

In LMICs, including South Africa, there has been no research using mHealth-supported
tools evaluating combined developmental and sensory screening programmes for ECD-aged
children between four and six years old. The rationale for combining developmental and
sensory screening is that the CHW can use the same smartphone device to offer a broader range
of screenings of critical aspects related to ECD. The implementation of a combined mHealth-
supported developmental and sensory screening programme should be explored (Department
of Basic Education, 2014; Eksteen et al., 2019; van der Merwe et al., 2019a). The aim of this
study was therefore to describe the referral rate, duration, and perception of a combined
mHealth-supported developmental and sensory screening programme conducted by CHWs in
a low-income community.

Materials and methods

Aim and Study design

This descriptive cross-sectional study has been granted IRB approval (GW20170922HS) by
the Faculty of Humanities, The University of Pretoria, Gauteng, South Africa. The objectives
were to describe: (1) the referral rate of the combined mHealth-supported screening
programme, (2) the duration of the combined mHealth-supported screening programme and (3)
the perceived value of the combined mHealth-supported screening programme from key
stakeholders, namely the CHW and ECD practitioners.

Setting and participants

Data was collected over eight separate days in 2021 at three ECD centres, in Paarl, Western
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Cape, South Africa, as part of a larger ongoing screening project. This screening project is
looking at all aspects of accessible mHealth screening in low-income communities through
multiple studies. The area has a population of approximately 30 875 residents, with isiXhosa
being the predominant language, as documented by the most recent census carried out by
Statistics South Africa (Statistics SA, 2011). The majority of the households within the area
are classified as low- and middle-income, with 29% of the population earning £107 or less per
month and 65% earning £540 or less per month (Statistics SA, 2011).

The caregivers of children who attended one of three ECD centres, the ECD
practitioners and the CHW participated and gave consent for the necessary information to be
published. Participation was not subject to home language, culture, or any other biological
factors. The combined mHealth-supported screening programme was conducted by a CHW for
the children, with their ECD practitioners assisting in completing the developmental screening.
The mHealth developmental and sensory screening tools used were in English, but were
translated into isiXhosa by the CHW. The children (n=63) were between the ages of four years,
one month and six years, eleven months, with the average age of the children being 61.78
months (SD 6.131). 56% of the children were male. None of the children had received
developmental or sensory screenings before this.

The CHW is a qualified ECD practitioner. She supports all three ECD centres and has
previous training and experience with both mHealth-supported hearing and vision screening
tools. She had also recently received training to use the mHealth-supported development
screening tool. The ECD practitioners (n=5) were employed by the participating ECD centres
and worked with the children in the selected age range. They had not previously been involved
in any screening programmes. The ECD practitioners have an average of five years (SD 3.633)

experience, and their ages averaged 40 years old (SD 7.497).
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Materials and apparatus

The following mHealth screening tools were implemented by the CHW on the same
smartphone with the assistance from ECD practitioners for the developmental screening:

(1) The mHealth developmental screening consisted of the Parents’ Evaluation of
Developmental Status (PEDS) and PEDS Developmental Milestones (PEDS: DM) tools (du
Toit et al., 2021b; Glascoe, 2015; Maleka et al., 2016; van der Merwe et al., 2019a). The tools
are based on child development and developmental milestones that should be present at certain
ages as well as caregiver-report on the development observed. The domains screened included
expressive language, receptive language, fine motor, gross motor, self-help, social-emotional
skills, maths and reading skills. The maths and reading questions are relevant for all the
children because the questions are scaffolded according to age. For the four-year-old children,
these are screened by looking at emergent math and literacy skills such as number and letter
identification. The PEDS tools consist of 16-18 multiple-choice questions based on the age of
the child. The tools have validated referral algorithms and have been used successfully in South
Africa (Abdoola et al., 2021; du Toit et al., 2021; van der Merwe et al., 2019). Items in the
PEDS tools are specifically phrased for prominent caregivers in children’s lives, including
parents and ECD practitioners, using questions regarding everyday activities to determine the
child’s level of development. Further explanations and examples have been added to each
question to make it easy for the caregivers to understand what is being asked (du Toit et al.,
2021b; Glascoe, 2015). There are multiple specific response options for each question
employing a dropdown list, and the most relevant one needs to be chosen by the ECD
practitioner. Predictive concerns are concerns reported by caregivers that can lead to a
developmental disability/disorder in future, whereas non-predictive concerns will not. Refer
criteria used for the PEDS tools in this study relied on ECD practitioner concerns and therefore

interpreted two or more predictive concerns as an immediate refer and only one predictive
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concern being dependent on passing or referring the PEDS: DM (Glascoe, 2015; Maleka et al.,
2019). Non-predictive concerns, caregivers having difficulty communicating their concerns,
and no parental concerns were all deemed a pass (Glascoe, 2015; Maleka et al., 2019).

(2) There is an integrated suite for both sensory screening applications (hearX Group)
and they have been used in studies previously conducted in LMICs (Eksteen et al., 2019; Manus
et al., 2021). Firstly, the hearScreen™ (hearX Group) hearing screening application (Dawood
etal., 2020; Manus et al., 2021; Swanepoel et al., 2014) was used on a Samsung A3 smartphone
with the latest Android operating system at the time of screening, connected to supra-aural
Sennheiser HD280 headphones and was calibrated according to prescribed standards to
monitor environmental noise (International Organization for Standardization, 1ISO 389-1)
(Yousuf Hussein et al., 2018). hearScreen™ has been validated and is an accurate pure tone
audiometry screening tool for children (Eksteen et al., 2019; Manus et al., 2021; Swanepoel et
al., 2014). Refer criteria for the screen was an inability to hear at the 25 decibel (dB) hearing
level at 1, 2 or 4 kilohertz (kHz) in either ear.

(3) Secondly, the Vula Vision application (Mapham & Swanepoel, 2020) was used to
screen visual acuity at a distance on the same smartphone. This test follows the standard Early
Treatment Diabetic Retinopathy Study chart design, using a Tumbling E optotype, and is
capable of acuity measurements consistent with test-retest variability of acuities measured
using 5-letters-per-line-retro-illuminated LogMAR (Logarithm of Minimum Angle of
Resolution) charts (Bastawrous et al., 2015). Refer criteria for the vision screen was a visual
acuity of less than 0.2 LogMAR in both eyes, or less than 0.3 LogMAR in one eye regardless
of acuity in the other eye.

(4) Post the combined mHealth-supported developmental and sensory screening
programme, the CHW and ECD practitioners each completed a five-point Likert Scale

questionnaire. The questionnaires were adapted from a previously published study (van der
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Merwe et al., 2019a) and consisted of eight to ten questions, respectively, ranging from strongly
agree to strongly disagree, regarding their perspectives of the combined mHealth-supported
screening programme. The ECD practitioners only answered about the mHealth developmental
screening as they were not involved in the sensory screening. Questions explored the
effectiveness, efficiency and efficacy of the training, actual combined screening, language, and
phrasing used, location, participants chosen, and the overall perception of the screening
programme. An open-ended question was asked at the end of the questionnaire for additional

comments.

Procedures

The current study prospectively analysed data from a larger screening project. In the
project, the CHW, already trained in sensory screening, received training to administer the
developmental screening using the PEDS tools application. Before screening took place, the
CHW attained assent from the children by explaining how it would work and then asking them
if they were willing to participate. Hearing and vision conditioning then took place with the
children prior to the formal screening. Finally, the combined mHealth-supported screening
programme was conducted.

The CHW first conducted the hearScreen™ and Vula Vision screening tools with each
child, which took approximately three minutes in total. She then administered the PEDS tools
for each child, with the ECD practitioner answering the questions about the children. The
developmental screening took approximately nine minutes. The algorithm was automatically
applied on the smartphone application and the results were generated, including referrals. The
CHW then recommended that children who did not pass the hearing screen were rescreened,
and if they did not pass a second time, they were referred on to the audiologist at the local
government hospital for a comprehensive hearing test. Children who did not pass the vision

screening were rescreened and, if they did not pass a second time, were then referred to primary
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healthcare facilities for a diagnostic optometric evaluation. The hearing and vision rescreens in
this study are standard protocol. The applications have been developed this way to reduce over
referrals . Children who did not pass the developmental screening with one predictive concern
received guided interventions in class from the ECD practitioners, and those who identified as
high risk, with two or more predictive concerns for developmental delays, were referred for
further developmental intervention at the local hospital. The CHW and ECD practitioners were
lastly asked to complete a questionnaire based on their perspectives of the screenings once all
63 children were screened.

For the current study, anonymised Excel spreadsheets from the screening project’s data
were analysed, specifically the variables for referral rates and the duration of the combined
mHealth-supported screening programme were identified. The anonymous questionnaires were
also reviewed and analysed to qualitatively describe the perspectives of the key stakeholders
(CHW and ECD practitioners) regarding the combined mHealth-supported screening
programme.

Data analysis

Descriptive and inferential statistics were employed to describe the quantitative data. The
Statistic Package Social Sciences (SPSS, v27) was used for statistical calculations and
analyses. The Chi-square test with pairwise z-tests was used for analysing associations between
referral rates.

Quialitative thematic analysis was used to analyse the qualitative data which was the
CHW and ECD practitioner perspectives of the combined screening programme from the
screening outcomes and comments in the questionnaire. A deductive approach was used to
determine preconceived themes, based on theory and existing research. The themes included:

reported misalignment between developmental areas screened and areas covered in the ECD
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centre programmes, the understanding of the developmental screening questions, and the
benefit of and need for the combined screening.

Results

Over eight separate days, one CHW screened a total of 63 children between the ages of four
and six years attending one of the three ECD centres in the low-income community using the
combined mHealth screening programme. The overall referral rate of the developmental
screening was 30% (n=19), the hearing screening was 6% (n=4), and the vision screening was
5% (n=3).

Most children (64%; n=40) passed all three screening tests. No children referred both
sensory screenings. One child (2%; n=1) referred the developmental screening and vision
screening, and two children (3%; n=2) referred the developmental screening and the hearing
screening. Some children (25%; n=16) referred the developmental screening only, two children
(3%; n=2) referred vision screening only and two (3%; n=2) hearing screening only. The
developmental screening referral rate was significantly higher (30%) when compared to the
referral rate for vision (5%; z=4.183, p<0.001) and hearing (6%; z=3.908, p<0.001),
respectively.

Conditioning for the sensory screening took place but was excluded from the total
screening time due to the informality and variation each time. The average total screening time
for the combined screen was therefore 11.72 minutes (SD 3.45 minutes) per child. The mean
test duration for the developmental screening was 8.80 minutes (SD 2.97 minutes), 2 minutes
(SD 1.50 minutes) for the vision screening and 54 seconds (SD 27 seconds) for the hearing
screening. More than 50% of the screenings were conducted faster than the mean test durations.

In the questionnaire, the CHW reported that the combined developmental and sensory

screening can have a positive impact on the community and should be done at ECD centres on
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a regular basis. She indicated that the additional training she received for the developmental
screening was clear and adequate for using the PEDS tools application. She felt that it was easy
to add the developmental screening knowledge to her existing sensory screening knowledge
and that the developmental screening tool was easy to use within the ECD centre setting. The
CHW was neutral on whether she felt that the children and ECD practitioners understood the
developmental questions asked and whether she thought the developmental screening results
obtained reflected the children’s abilities. The CHW, however, felt that (1) the instructions in
the PEDS tools application were not always easily understandable (2) that the developmental
screening was not easy to administer to the ECD practitioner and children and (3) that the
developmental screening was not quick to use in addition to sensory screening. This
contradiction acknowledges that while the training for the PEDS tools was reportedly adequate,
implementing it practically was reportedly more challenging.

ECD practitioners (n=5) indicated that the instructions from the CHW were clear and
easy to understand, that the developmental screening was quick for the CHW to administer
(n=4) and that they could answer the developmental screening questions about the children
correctly because they spend a lot of time with them (n=4) (Table 3.1). For the older age group,
the children had to participate in some of the questions, for example, pointing to the correct
colours on the screen or demonstrating a gross motor skill. The ECD practitioners agreed that
the combined screening should be done at their centres as it would help identify those children
with developmental delays and sensory losses. While the ECD practitioners (n=5) were not
involved in the sensory screenings, they reported that the combined screening programme can

have a positive impact on the community and should be done regularly at ECD centres.
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Table 3.1

ECD practitioner’s perspectives regarding the mHealth-supported developmental screening

(n=5)

Questions 1 2 3 4 5 Unanswered
Strongly | Agree | Neutral | Disagree | Strongly
agree disagree

I understood the questions 1 3 1 - - -

that were asked

The PEDS app was easy to | - 2 3 - - -

implement at the ECD centre

with  me helping and

answering the questions

I think the children | - - 1 2 - 2

understood the questions that

were asked of them

I think the screening results | - 2 2 - 1 -

were correct

Thematic analysis of the CHW and ECD practitioners’ responses to the open-ended
question identified three main themes including (1) the reported misalignment between
developmental areas screened and areas covered in the ECD centre programmes, for example
early literacy which was screened for but not taught in ECD curriculums, (2) the consequent
understanding of the developmental screening questions and (3) the resulting benefit of and

need for the combined screening (Table 3.2).

Table 3.2
Thematic analysis of the CHW’s (n=1) and ECD practitioners’ (n=5) perspectives of the

combined screening programme

Themes Quotes

Misalignment  between developmental areas | “Some questions on the PEDS tools app were not
screened and areas covered in the programme at | relevant to the programme that is used at the ECD
the ECD centres centres” - CHW
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“Some of the questions asked in the PEDS tools
app do not correspond with the programmes
implemented at the ECD centres” - ECD
practitioner (n=2)

Understanding of developmental screening | “Some questions were not easy enough to

questions understand what is really needed from the child”
- CHW
Benefit of combined screening “The combined screening programme helps me

and parents identify developmental problems in
the children that we would not have noticed
otherwise” - ECD practitioner (n=3)

Discussion

This study described the referral rate, duration, and perspective of a combined
developmental and sensory mHealth-supported screening programme conducted by a CHW for
children aged four to six years of age in a low-income South African community. A high
referral rate (30%) from the developmental screening was identified, which is similar to
elevated referral rates (ranging from 25% to 69%) for developmental delays reported in other
studies conducted in underserved South African communities (Abdoola et al., 2021; Maleka et
al., 2016; van der Linde et al., 2015; van der Merwe et al., 2019). Elevated referral rates may
be due to exposure to common environmental risk factors such as poverty, low parental
education level or lack of access to healthcare in LMICs. These risk factors raise the prevalence
rate of developmental delays to as much as 35% (Correia et al., 2019; Cree et al., 2018; Jensen
etal., 2017; Lu et al., 2016; Olusanya et al., 2018). The referral rate on development, however,
is in line with previous reports of these at-risk populations (Abdoola et al., 2021; du Toit et al.,
2021a; Maleka et al., 2016; van der Linde et al., 2015; van der Merwe et al., 2019).

Referral rates for vision (5%; n=3) and hearing (6%; n=4) screening were similar to the
rates of 2-4% for visual loss and 2-5% for hearing loss reported previously in children of the

same age, from similar LMIC communities in South Africa (Eksteen et al., 2019; Mahomed-
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Asmail et al., 2016; Manus et al., 2021). The significant difference between the developmental
and sensory referral rates may be because the scope covered by each differs. The sensory
screening tools each consider a single modality, whereas developmental screening evaluates
multiple domains, including fine- and gross motor skills, social-emotional skills, literacy,
receptive and expressive language, and global cognitive functioning. Based on this, it is
evidently important to evaluate at-risk children using a holistic screening programme where
vision and hearing are evaluated in conjunction with developmental screening.

In combined screening programmes, duration is another important factor. No other
study in LMICs has considered combined screening duration to ensure a holistic view of each
child as well as a holistic view of an overall screening programme as investigated in the current
study. The majority (>50%) of the combined screening programmes were conducted faster than
the mean test durations in this study. The ECD practitioners reported that the screening was
quick, but the CHW felt it took longer than necessary, which indicates that the combined
mHealth-supported screening programme could be viable in the ECD context, with adaptations
in language, phrasing, and standardisation to shorten the duration.

The CHW and ECD practitioners reported that the combined mHealth-supported
screening programme can have a positive impact and benefit the community due to early
identification and should, thus, be done regularly, which agrees with previous research (Botes
et al., 2022; Eksteen et al., 2019; Manus et al., 2021; Smit et al., 2020; van der Merwe et al.,
2019a). The ECD centre provides a viable platform to implement the screening, especially for
the age range targeted in this study, due to accessibility, time, costs, and staff resources.
Screening procedures using mHealth-supported technology in ECD centres are being
investigated further to establish better intervention strategies for LMIC communities (du Toit
et al., 2021b; Manus et al., 2021; van der Linde et al., 2015). This study is showing potential

to combine screening procedures by implementing mHealth and training of ECD practitioners
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in the areas of development, hearing and vision as illustrated to be effective by another recent
study (du Plessis et al., 2022). This combined mHealth-supported screening programme could
reduce the demand on health professionals in typical healthcare settings by rather having
CHWs and ECD practitioners in ECD centres identify children with developmental delays
and/or sensory difficulties.

Intervention strategies, such as ECD practitioner support, will need to account for the
reported misalignment between the developmental areas screened and ECD centre
programmes. This misalignment motivates further investigation through future research. The
misalignment and possible gaps within ECD programmes have been investigated in another
study where it was found that there is no central curriculum in ECD centre programmes and
therefore there is not much guidance on teaching (Smit et al., 2020). While the developmental
screening information is deemed accurate, the gaps in ECD programmes exist due to
differences in ECD practitioner qualification, ECD centre resources and financial constraints,
caregiver support, community involvement, and health needs (Chikwiri & Musiyiwa, 2017; Sharma
et al., 2022). Due to the reported gaps, future research needs to explore whether the reported
developmental referral rate is accurate and valid by having follow-up services where full
developmental assessment can be done on all children who referred.

This combined mHealth-supported screening programme, used in an LMIC setting with
children in this age range, CHWs, and ECD practitioners, has the potential to become a
standardised service. The screening can be conducted by minimally trained persons in a short
duration and was demonstrated to be feasible with potential for widespread implementation.
Based on the feedback from the key stakeholders who are central to the enabling environment
of the children, it is evident that they see the value of implementing the combined mHealth
screening programme at ECD centres. Limitations of the study included the small sample size,

as well as the environmental risk factors experienced by the children, including the COVID-19
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pandemic, as well as an unfortunate fire at one of the ECD centres. Another concern to consider
in multilingual and multi-cultural contexts is the translating and understanding of
developmental screening questions, as reported by the CHW, because if questions are
misunderstood, it may present as a possible developmental delay and in turn inaccurately
increase the prevalence rate. Evaluating the language and phrasing of questions is therefore
warranted. A recent study has reported on the adaptation of the PEDS tools to ensure cultural

and linguistic applicability in South Africa (Botes et al., 2022).

Conclusion

Previous studies have demonstrated the effectiveness of involving CHWSs and ECD
practitioners in developmental and sensory screening procedures that identify children who
require early intervention (Eksteen et al., 2019; Maleka et al., 2016; Manus et al., 2021; van
der Merwe et al., 2019a). This study proceeded by describing the feasibility and potential of
merging developmental and sensory screening into a combined mHealth-supported screening
programme so that a holistic, time- and cost-effective screening can be provided at accessible
sites, such as ECD centres. Adjustments to the developmental screening are evidently needed
and will aid in the implementation of this combined mHealth screening programme. This study
suggests that a combined mHealth-supported screening programme is viable, and that
implementation could support referral to relevant healthcare professionals before formal
schooling. This may ultimately improve access to developmental and sensory monitoring in

low-resource settings at a young age.
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Chapter 4

Discussion, Implications, and conclusion

Chapter aim and outline:

The study’s findings are discussed in terms of the referral rates obtained, duration
of the screenings, and perspectives of the key stakeholders in the study. The
theoretical and clinical implications of these results are discussed in detail.

Recommendations are made for future research, followed by the conclusion.

4.1 Summary and discussion of findings

This study described the referral rate and duration of, as well as perspectives relating
to a combined developmental and sensory mHealth-supported screening programme
conducted by a CHW for children aged four to six years of age in a low-income
community, namely Mbekweni in Western Cape, South Africa. More than half of the
children (64%; n=40) passed all three screening tests. No children failed both the
hearing and vision screenings. A high overall referral rate (30%, n=19) from the
developmental screening was identified, similar to elevated referral rates (ranging
from 25% to 69%) for developmental delays reported in other studies conducted in
underserved South African communities (Abdoola et al., 2021; Maleka et al., 2016;
van der Linde et al., 2015; van der Merwe et al., 2019). Elevated referral rates may be
due to exposure to common environmental risk factors such as poverty, low parental
education level, or lack of access to healthcare in LMICs. The cumulative effect of risk
factors raises the prevalence rate of developmental delays with as much as 35%
(Correia et al., 2019; Cree et al., 2018; Jensen et al., 2017; Lu et al., 2016; Olusanya
et al., 2018).

Overall referral rates for vision (5%; n=3) and hearing (6%; n=4) screening were similar
to the previously reported rates of 2-4% for visual loss and 2-5% for hearing loss in
children of the same age, from similar low-resourced communities in South Africa
(Eksteen et al., 2019; Mahomed-Asmail et al., 2016; Manus et al.,, 2021). The
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significant difference between the referral rates from developmental screening and
vision screening (5%; z=4.183, p<0.001) and developmental screening and hearing
screening (6%; z=3.908, p<0.001) respectively, may be because the scope of each
screening differs. The sensory screening tools each consider a single modality,
whereas developmental screening evaluates multiple domains, including fine and
gross motor skills, social-emotional skills, literacy, receptive and expressive language,
and global cognitive functioning. The importance of evaluating at-risk children using a
holistic screening programme where vision and hearing are evaluated in conjunction

with developmental screening is evident.

In combined screening programmes, duration is an important factor. No other study in
low-resourced communities has considered combined screening duration to ensure a
holistic view of each child as well as a holistic view of an overall screening programme,
as investigated in the current study. The average total screening time for the combined
screen was 11.72 minutes (SD 3.45 minutes) per child. The majority (>50%) of the
combined screening programmes were conducted faster than the mean test durations
in this study. The ECD practitioners reported that the screening was quick, but the
CHW felt it took longer than necessary, which indicates that the combined mHealth-
supported screening programme could be viable in the ECD context, with adaptations

in language, phrasing, and standardisation to shorten the time taken to screen.

Themes were identified based on the CHW and ECD practitioner perspectives of the
screening programme (Table 3.2). The CHW and ECD practitioners reported that, with
training and some modifications, the combined mHealth-supported screening
programme can have a positive impact and benefit the community due to early
identification and should, thus, be carried out regularly, which agrees with reports of
previous research (Botes et al., 2022; Eksteen et al., 2019; Manus et al., 2021; Smit
et al., 2020; van der Merwe et al., 2019). The contradictions in some perspectives
indicate that while the training for the PEDS tools was reportedly adequate,
implementing it practically was reportedly more challenging. Furthermore, participants
reported that the ECD centre provides a viable platform to implement the screening,
especially for the age range targeted in this study, due to accessibility, time, costs,
and staff resources. Screening procedures using mHealth-supported technology in

ECD centres are being investigated further to establish better intervention strategies
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for low-resourced communities (du Toit et al., 2021b; Manus et al., 2021; van der Linde
et al., 2015). This study shows the potential of combining screening procedures by
implementing mHealth and training of ECD practitioners in the areas of development,
hearing, and vision. The procedures were illustrated to be effective in the case of
hearing loss by another recent study (du Plessis et al., 2022). This combined mHealth-
supported screening programme could reduce the demand on health professionals in
typical healthcare settings by having CHWs and ECD practitioners in ECD centres
facilitating screening to identify children with developmental delays and/or sensory

difficulties.

Intervention strategies, such as ECD practitioner support through structured
guidelines, will need to consider the reported misalignment between the
developmental areas screened and ECD centre programmes. This misalignment
motivates further investigation through future research. The misalignment and
possible gaps within ECD programmes have been investigated in a recent study,
where it was found that there is no central curriculum in ECD centre programmes and
therefore there is not much guidance on how to stimulate development in the ECD
classroom (Smit et al., 2020). While the developmental screening information is
deemed accurate, it sheds little light on the gaps in ECD programmes which probably
exist due to differences in ECD practitioner qualification, ECD centre resources and
financial constraints, caregiver support, community involvement, and health needs
(Chikwiri & Musiyiwa, 2017; Sharma et al., 2022). This study does, however, have
theoretical and clinical implications for the field of speech-language pathology.

4.2 Theoretical and clinical implications

By using frameworks such as the Nurturing Care Framework (NCF), this combined
mHealth-supported screening programme, used in a low-resourced setting with
children in this age range by CHWs and ECD practitioners, has the potential to become
a standardised service (Figure 4.1). The screening can be conducted by minimally
trained persons within a short period of time and was demonstrated to be feasible with
potential for widespread implementation. Based on the feedback from key
stakeholders who are central to creating an enabling environment for the children, it is
evident that they see the value of implementing the combined mHealth screening

programme at ECD centres.
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Figure 4.1 mHealth-supported screening in low-income communities supported by the

Nurturing Care Framework

Evidence regarding the advantages of technology and mHealth-supported tools in
underserved communities has grown, and studies have shown that the tools are
effective in supporting community-based developmental and sensory screening in a
time-efficient, low-cost, and accessible manner (du Toit et al., 2021b; Eksteen et al.,
2019). This study provided insight regarding the use of a combined mHealth-supported
programme to screen children at risk of developmental delays and/or sensory loss in
underserved communities. The study also implicitly investigates combining screening
tools where impairments are closely related, to identify multiple impairments timeously.

Evidence regarding the effectiveness of CHWs who are not professionally trained in
providing healthcare services is accumulating, both nationally and internationally
(Braun et al., 2013). Results of this study demonstrated that CHWs could be key role
players in early detection of developmental delays and sensory losses by addressing

the needs of underserved children through providing developmental and sensory
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screening in low-resourced communities. Results showed that CHWSs could
successfully screen for developmental delays and sensory loss, make necessary
referrals, and increase the knowledge and education of community members.
Collaboration with CHWSs in low-resourced communities improves service delivery,
provides access to developmental and sensory screening, facilitates developmental
and sensory monitoring by caregivers, and alleviates the burden on healthcare
systems and professionals. This supports the concept of task-shifting in LMICs (World
Health Organization, 2018). Although task-shifting should be supported to a greater
degree by government, initiatives are often turned down due to lack of funding. This is

a major challenge that LMICs face.

The study also showcased the power of CHWSs using these smartphone-based
screening programmes to ultimately improve prevention and early detection of
developmental delays and sensory loss within underserved communities. Smartphone
technology is popularly used and accepted as a means of providing appropriate health
services in low-resourced communities (Fortuin et al., 2016). The CHW involved in the
current study reported that the combined mHealth-supported screening programme
was easily understood with appropriate training, thus making it feasible for
implementation by CHWSs, regardless of their age, qualification, or education level.

Another benefit of using mHealth-supported screening tools is the immediate capturing
and sharing of data, allowing for instant referral, as displayed in the study. The
combined developmental and sensory screening tools — PEDS tools, hearScreen™
and Vula Vision — efficiently indicated to whom the child should be referred based on
the concerns identified, where previously referrals using checklists in other screening
tools were often costly and time-consuming. Follow-up appointments do not need to
be organised to give feedback regarding the results, thus allowing for easily

administered, time efficient screening.
4.3 Critical evaluation
4.3.1 Strengths

To the best of the researcher’'s knowledge, there has been no previous research
investigating the clinical utility of combining developmental and sensory mHealth

screening in low-resourced communities for this age range. This study demonstrated
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the benefits of implementing a combined screening programme, specifically when
conducted by CHWs and ECD practitioners who can assist with developmental
screening. The study has high ecological validity, because it was conducted in a
representative community with the current CHW already part of the ongoing hearX
project. There is potential for the successful large-scale implementation of such a
combined screening programme in underserved communities, particularly when
conducted by established CHWs who serve in these communities and ECD
practitioners who see children daily at ECD centres. Data extraction would be
streamlined, as data can be sent daily/weekly via the smartphone application. The
study could provide a platform for future implementation of other CHW-driven mHealth
screening programmes. Additionally, this study acknowledges and attempts to
overcome the many barriers faced by PHC facilities and the community members they
serve, proposing a viable combined screening programme that could be sustainable

in the long term.
4.3.2 Limitations

A very small sample size was used for all participants (children = 63, ECD practitioners
=5, CHW = 1), which limits the amount of screening that could be done per day and
makes generalisation of the results to a larger population less reliable. The accuracy
of the screening could not be determined as no standardisation was used to validate
the results. However, this study aimed to evaluate a programme and not to standardise
a tool. All three screening tools are well substantiated and were used for screening
purposes only. There could also be possible inaccurate representation of test duration.
Test duration is recorded from the moment the application is opened and only stops
when the ‘Finish’ button is pressed, which may ultimately lead to the inaccurate
reporting of actual screening test times. This may occur as CHWs talk to the ECD
practitioners and children and explain unclear questions while the screening is in
progress. The time elapsed between the developmental and sensory screenings could
also vary even though the applications are on the same smartphone, which would
affect the reported test duration. The last limitation to consider in multilingual and multi-
cultural contexts is the translation and possible misunderstanding of the
developmental screening questions in the mHealth PEDS tools, as reported by the

CHW. If questions are misunderstood, a response may erroneously indicate a possible
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developmental delay and thereby inaccurately increase the prevalence rate.
Evaluating the language and phrasing of questions is therefore warranted. A recent
study has reported on the adaptation of the PEDS tools to ensure cultural and linguistic
applicability in South Africa (Botes et al., 2022).

4.4 Recommendations for future research

There is potential for several future research studies from the current study. Future
research should use larger sample sizes and be conducted over larger geographical
locations in LMICs to provide more accurate results and to identify more children with
potential developmental delays and sensory losses. Further investigation of the
associations between developmental delays and sensory losses is also
recommended. This will allow standardisation of recognised results that can be used
in the future and can be combined with other mHealth screenings to develop holistic
screening packages, which may assist in the accurate identification of developmental
delays and sensory losses in paediatric populations. Future research could also be
aimed at determining the adherence of caregivers to attending the diagnostic
evaluations scheduled after children were identified by the combined screening

programme.

Future studies can be conducted to describe the knowledge, or developmental literacy,
of the CHW and ECD practitioners before and after conducting the combined
screening, thus establishing whether knowledge has improved regarding
developmental and sensory screening and surveillance as well as developmental
milestones. Lastly, research could be conducted to clarify the different roles of CHWs,
primary caregivers, and ECD practitioners, especially in South Africa, as task shifting
is a priority in LMICs.

The reported gaps warrant future research to explore whether the reported
developmental referral rate is accurate and valid by having follow-up services where

full developmental assessment can be done for all children who failed the screening.
4.5 Conclusion

Previous studies have demonstrated the effectiveness of involving CHWs and ECD

practitioners in developmental and sensory screening procedures that identify children
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who require early intervention (Eksteen et al., 2019; Maleka et al., 2016; Manus et al.,
2021; van der Merwe et al., 2019). This study proceeded by describing the feasibility
and potential of merging developmental and sensory screening into a combined
mHealth-supported screening programme so that holistic, time- and cost-effective
screening can be provided at accessible sites, such as ECD centres. Adjustments to
the developmental screening are evidently needed and will aid in the implementation
of this combined mHealth screening programme. This study suggests that a combined
mHealth-supported screening programme is viable at an ECD centre with CHWs and
ECD practitioners instead of healthcare professionals, and that implementation could
support referral to relevant healthcare professionals for intervention before formal
schooling. The reported procedures may ultimately improve access to developmental

and sensory monitoring in low-resource settings at a young age.
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Appendix A — Ethical clearance approval letter: Faculty of Humanities Research
Ethics Committee

4
‘ Faculty of Humanities
Fakulteit Geesteswetenskappe ALY (’ f
L\ ool Somithe . URAGY '
:‘l‘l‘v‘l‘:;""" (: :'D'I.I.I.L‘» : :
TUNIAFMIRI TR PRFIOIND
2 July 2021
Dear Ms K Fuchs
Project Title: Usabity of combined developmental and sensory screening measures in children from a
low-income Westemn Cape community: An exploratve study
Researcher: Ms K Fuchs
Supervisor(s): Dr MN du Toit
Prof J van der Linde
Ms R Eccles
Department: Speech Language Path and Aud
Reference number: 17072855 (HUM003/0621)
Degree: Masters

Thank you for the application that was submitted for ethical consideration.
The Research Ethics Committee notes that this is a lterature-based study and no human subjects are involved.

The application has been approved on 1 July 2021 with the assumption that the document(s) are in the public
domain. Data collection may therefore commence, along these guidelines.

Please note that this approval is based on the assumption that the research will be camed out along the lines laid out
in the proposal. However, should the actual research depart signficantly from the proposed research, a new research
proposal and application for ethical clearance will have to be submitted for approval.

We wish you success with the project.
Sincerely,

N

Prof Karen Harris

Acting Chair: Research Ethics Committee
Faculty of Humanities

UNIVERSITY OF PRETORIA

e-mail: PGHumanities@up.ac.za

Fakultolt Geesteswwtonshappe

Lefapha la Ramothe

Resecarch Ethics Committee Members: Prof | Picirayt [Deputy Dean); Prof KL Harms Mr A Qca Or &0 de Beer Or 4 cos Santos:
Ms KT Geonder Andrew, s P G, Or E Jonnson, Prof D Maree M A Mohamed. Or | ogome. D C Bullergll, Pref O Reyoun.
Prof M Scec; Pret E Talaea: Profy Thebe: N B Taene: Ms O Mekaiapa
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Faculty of Humanities
Research Ethics Committee

4 October 2017

Dear Prof Swanepoel

Project: Hearing and vision screening for preschool children using
mHealth technologies: a community-based service-delivery
model

Researcher: Prof DCDE Swanepoel

Department: Speech-Language Pathology and Audiology

Reference number: Staff research (GW20170922HS)

Thank you for the application that was submitted for ethical consideration.

| am pleased to inform you that the above application was approved by the Research
Ethics Committee at an ad hoc meeting held on 4 October 2017. Data collection may
therefore commence.

Please note that this approval is based on the assumption that the research will be carried
out along the lines laid out in the proposal. Should the actual research depart significantly
from the proposed research, it will be necessary to apply for a new research approval and
ethical clearance.

We wish you success with the project.

Sincerely

/M/Z/M/@g;/ WA~

Prof Maxi Schoeman

Deputy Dean: Postgraduate Studies and Ethics
Faculty of Humanities

UNIVERSITY OF PRETORIA
e-mail:tracey.andrew@up.ac.za

ch Ethics C i bers: Prof MME Schoeman (Deputy Dean); Prof KL Harrls; Or L Blokland; Ms A dos Santos; Or R Fasselt; Ms KT Govinder; Dr €

‘ Johnson; Dr C Panebianco; Dr C Putterglll; Or D Reyburn; Dr M Taub; Prof GM Spies; Prof E Taljard; Ms B Tsebe; Or € van der Klashorst; Or G Wolmarans; Mr V Sithole
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11 June 2019

TO: Prof Maxi Schoeman
Research Ethics Committee, Faculty of Humanities

RE: Addendum to ethical clearance GW20170922HS

An application for ethical clearance for a staff research project was submitted to the Research Ethics
Committee of the Faculty of Humanities, University of Pretoria, and this clearance was granted on 4
October 2017 under the reference GW20170922HS.

This communication is submitted as an addendum to the ethical clearance of this project, for
consideration by the Research Ethics Committee. The geographical region in which the project’s data
collection was originally set to take place was in Cape Town, Mitchell's Plain, Khayelitsha and
surrounding areas in the Westemn Cape, South Africa. Based on the success of the initial program it
will be extended in these existing areas until 30 June 2021. The project will also be extended to the
area of Mbekwini (Paarl, Westemn Cape).

This addendum is therefore a request to renew the granted ethical clearance (GW20170922HS) under
the same procedures and processes initially approved for 1) a further period of time until 30 June 2021
and with a goal of a further 17 000 participants screened and; 2) expanded to an additional area,
Mbekwini (Paarl, Westem Cape), with a goal of 1 000 participants screened. The conditions under
which the research is conducted will remain the same, as well as the documentation used.

Should you require any further information, please contact me on dewet.swanepoel@up.ac.za or (012)
420 4280.

Sincerely,

2N

Prof De Wet Swanepoel
Principal Investigator

Room 3-5, Communication Pathology Buidng

~ulty " -
Universty of Pretoria, Private Bag X20 Facuity of Humanities

Hatteid 0028, South Aica Fakulteit Geesteswetenskappe
Tel <27 (0)12 420 4280 Lefapha la Bomotho
Fax +27 (0)12420 3517
Emall dewet saaneposiQup 3.2y
WA DAMD
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Appendix C — Letter of request submitted to hearX group to access data

&
Faculty of Humanities
Fakultet Geesteswetenskappe - . r /4
v J~1ar"n- I:'Nm'm'.l\o ” UMQY‘\ 1 l .

UNTPERSITEIT VAN PRETONIA
UNINERSITY 06 PRETORIA

PORISTUEYEN BN FREYOMA Department of Speech-Language Pathology and Audiology

10 June 2021

Ms Tersia de Kock

Executive Director: hearX Group Foundation
Pretoria

Dear Ms de Kock,

PERMISSION TO ACCESS DATA COLLECTED BY HEARX GROUP FOUNDATION REGARDING COMBINED
DEVELOPMENTAL AND SENSORY SCREENING OF CHILDREN IN A LOW-INCOME WESTERN CAPE
COMMUNITY

1 am Kirsty Fuchs, a current MA-Speech-Language Pathology student, and my study is focused on the
developmental and sensory screening of children from a low-income Western Cape community.

Study title:
Useability of combined developmental and sensory screening measures in children from a low-income
Western Cape community: An explorative study

The aim of the study:
Aim: To retrospectively explore the useability of a developmental screening measure used in
conjunction with the existing sensory (vision and hearing) screening measures. The study, therefore,
aims to evaluate a combined mHealth screening programme, carried out by ECD practitioners and a
CHW for preschool children from a low-income Western Cape community. Useability refers to the
effectiveness, efficiency and capacity of the programme as well as the overall satisfaction of the user
to achieve the desired screening goals.
Objectives:
* To describe a referral rate of the combined mHealth screening programme as well as a
developmental screening only referral rate.
® To describe the total duration of the combined mHealth screening programme along with
the durations of the developmental and sensory screening components respectively.
* To qualitatively describe the useability of the combined mHealth screening programme from
the perspectives of key stakeholders (CHW and ECD practitioner).

Partici
The target population of the previous project by hearX induded children between the ages of four and
six years old from a low-income community in the Western Cape, a CHW and ECD practitioners. There
Ethical Approval:

The current study research will be subject to ethical clearance from the Research Ethics Committee of
the Faculty of Humanities.

Anonymity:

Room 3-14 C Pathology B g
University of Pretoria, Private Bag X20
Hatfield 0028, South Africa

Tel =27 (012420 2355 | Fax 27 ()12 Q202355
Email mark GuoRSup.aC.2a | waww.up.ac.2a/facuity-of humanities
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To adhere with institutional guidelines of the University of Pretoria, data that will be used in the
current study will be stored electronically on the University of Pretoria data repository. Additionally,
this data that was sent from the CHW to the researcher via a password protected google drive will be
stored for a minimum period of 10-15 years on the University of Pretoria data repository. The raw
data will be stored on the University of Pretoria data repository as a password protected excel
spreadsheet that ensures the reliability and trustworthiness of the data.

Risks involved in participating in this study:

Participation in the project by hearX did not involve any risk as the screening aimed to identify delays
and provide children with access to further diagnostic testing. There are no participants for the current
study therefore, there are no risks involved.

Procedures:

We would like to request permission to access the data on developmental and sensory (hearing and
vision) screening that was collected by the CHW employed by hearX in the low-income Western Cape
community in 2021. The data will be recoded in an excel spreadsheet for analysis of variables for
useability of a combined mHeaith screening programme.

We hope that our request to obtain permission to access data collected by screening procedures in
the Western Cape by the hearX Group Foundation will meet your approval.

Yours Sincerely,

K. Fuchs (student researcher)

= 43
%’ S fon a0 -

Prof. J. Van Der Linde DrR. Ecdes Dr M. du Toit
Head: Department of Speech- Research Supervisor Research supervisor
Language Pathology and

Audiology and Supervisor

Room 3-14, Communication Pathology Bullding

University of Pretoria, Private Bag X20

Hatfield 0028, South Africa

Tel 27 (0)12420 2355 | Fax =27 (0)12 420 2355

Emall maria JutoitBup.AC2a | www.up.ac2a/Tacuty of humanities
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Appendix D — Permission letter from hearX group to access data

11 June 2021

hearX Bea
OMMdu\
K. Fuchs

Department of Speech Language Pathology and Audiology
University of Pretoria

J.Van Der Linde, Ph.D.
Department of Speech Language Pathology and Audiology
University of Pretoria

R. Eccles, Ph.D.

Department of Speech Language Pathology and Audiology
University of Pretoria

M. Du Toit, Ph.D.

Department of Speech Language Pathology and Audiology
University of Pretoria

Dear Ms Fuchs, Prof Van Der Linde, Dr Eccles and Dr Du Toit,

RE: DECLARATION OF PERMISSION

|. Tersia de Kock, in my capacity as Executive Director of the hearX Foundation hereby give
permission to Kirsty Fuchs to use the stored data collected by hearX Foundation for her study
titted: Usability of combined developmental and sensory screening measures in children froma
low-income Western Cape community: An explorative study. Herewith. | grant permission for
her to access, analyse and store the anonymised data from our client database.

| am fully aware that the data obtained will be used solely for the purpose of present and
future research studies and may be presented in the format of a report, scientific article,
lecture, conference or case study. It was explained to me that the participants’ identities will
be anonymised and that the coded excel spreadsheets was all that needed to be obtained.

HEARX FOUNDATION NPC Reg. Nc 17/7256794/08
Ground Floar, Build ng 2. Ashlea sardens fice Park, 18¢ 9

Carsfontein Road, Ashlea Gardens, 0081, Pretona, South Africa
27 1 3 0 { rou N 4

8 erslamhearxqrous
wwwhearxfoundation.org @

Directors. DCD Swanepoel. HC Myburgh, T de Kock
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hearX .

We wish you all the best with your research and look forward to review the results. We
believe that the study will have great value for future mHealth supported holistic paediatric
screening programmes in low- and middle income contexts.

Sincerely,

Tersia de Kock
Project Lead & Audiologist
Executive director: hearX Foundation

HEARX FOUNDATION NPC | Reg. No' 2017/256794/08

Ground Floar, Building 2, Ashlea Gardens Office Park, 180
Garsfontein Road, Ashlea Gardens, 0081, Pretoria, South Africa

+27 12 030 0268 | tersiamhearxgroup com «f

www.hearxfoundation.org
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Appendix E — Voluntary informed consent form from caregivers in larger project

Form 1:

FREE DEVELOPMENT, EARS, AND EYES TEST AT SCHOOL

Dear Parent/Caregiver,

Please read the letter, sign the letter, and send it back to

school tomorrow.

3€

EARS & EYES
FOR EDUCATION

Hearing, playing, talking, and seeing is very important for your child to be able to

learn. There will be free development, hearing, and vision (seeing) tests at school for

5- and 6-year-old children. You must give permission for us to test your child’s

development, hearing, and vision. The test won’t hurt and will take about 20 minutes. If

your child has normal development, hearing and vision, your child will “pass” the test.

If your child needs to be tested again, we will tell you.

We would like to use the results of the test for research. Your child’s personal details

will NOT be used in the research and will be kept confidential. You can say if you

don’t want your child to be part of the study at any time.

If you want more information, please phone, or send a ‘please call me’ to 3E Project

at 068 192 2413.

Child’s Name and Surname:

School Name:

Grade and class:

Date of Birth:

Child’s gender: MALE / FEMALE
Clinic card number/ folder number:
Cell phone number(s) of parent/ care giver:
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Home address:

| give permission for my child to get a free YES / NO
development, hearing, and vision screening at school:

| give permission for the test results to be used for YES / NO
research:

Signature of parent/caregiver:

Form 2:

UHLOLO OLUSIMAHLA LWENQUBELA, IINDLEBE
NAMEHLO ESIKOLWENI

3€

Mzali obekekileyo BRARE

Sicela ufunde le mbhalelwano wakuggiba utyikitye emazantsi, uze uyibuyisele

esikolweni somntwana kusasa.

Ukuva nokubona komntwanana wakho kubalulekile ukuze umntwana wakho akwazi
ukufunda kakuhle. Kuza kubakho uhlolo Ilwamehlo nee ndlebe kubantwana
abaneminyaka eyi 5 kunye 6 ngaphandle kwentlawulo. Sicela imvumo yokuhlola
umntwana wakho . Olu hlolo alukho buhlungu kwaye luzakuthatha imizuzu eyi 20.
Ukuba umntwana wakho inqubela, ukuva kunye nokubona kwakhe zikwisimo
esighelekileyo, uzakuba uluphimelele uhlolo. Ukuba umntwana wakho ufuna
ukuphinda ahlolwe kwakhona sizakwazisa.

Iziphumo zizakuthunyelwa ngomyalezo wemfono-mfono.
Singathanda ukusebenzisa iziphumo kuphando. linkcukacha zomntwana wakho
zizakubayimfihlo. Ungasixelela ukuba awuthandi umntwana wakho athathe

nkxaxheba koluphando nangaliphi na ixesha.
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Xa ufuna ngcaciso ebanzi ntsalela umnxeba ku 3E Project 068 192 2413 okanye

wenze (please call me).

I[gama lomntwana

Igama lesikolo

Ibanga

Umhla wokuzalwa komntwana

Isini somntwana

MALE

/

FEMALE

Inombolo yomnxeba yomzali

Idilesi

Nombolo yekhadi lase kliniki

Ndinikeza mvumo yokuhlolwa

zomntwana wam

iindlebe

YES

NO

Ndinikeza imvume ukuba

zisetyenziswe kuphando

iziphumo

YES

NO

Utyikityo lomzali
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Appendix F — Questionnaire for CHW in larger project
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Faculty of Humanities
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Usability of combined developmental and sensory screening measures in children from a low-
income Western Cape community: An explorative study

Please circle the answer that is most appropriate for you as a Community Health Worker.

strongly agree | neutral | disagree strongly
agree disagree

1. The new training | received for the 1 2 3 4 5
developmental scr ing was adequate
for using the PEDS tools app.

2. It was easy to add this developmental 1 2 3 4 5
screening knowledge to my sensory
(hearing  and  vision)  screening
knowledge.

3. Instructions given in the training for 1 2 3 = 5
using the developmental screening app
were clear and easy to understand.

4. Instructions in the PEDS tools app were
clear and easy to understand, making the
app easy to use.

5. The developmental screening app was 1 2 3 4 5
easy to use in the ECD centre setting.
6. The developmental screening was easy 1 2 3 < 5
to administer to the ECD practitioner and
children.

7. The developmental screening was 1 2 3 4 5
quick to use in addition to the sensory
screening.

8. | think the children and ECD 1 2 3 4 5
practitioners understood the
developmental questions asked in the
app.

3. | think the developmental screening 1 2 3 - 5
results that we got from the app were
correct.

10. The combined develop tal and 1 2 3 4 5
sensory screenings can have a positive
impact in the community and are
valuable to do often at ECD centres.

Do you have any other comments? How can we make the developmental screening even better:

Room 3-14, Communication Pathology Buliding
University of Pretoria, Private Bag X20

Hatfield 0028, South Africa

Tel +27 (0)12 420 2355 | Fax +27 (0)12 420 2355

Emall maria.dutoitBup.acza | www.up.aczafaculty-of-humanities
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Appendix G — Questionnaire for ECD practitioners in larger project

Faculty of Humanities
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Usability of combined developmental and sensory screening measures in children from a low-
income Western Cape community: An explorative study

Please circle the answer that is most appropriate for you as an ECD practitioner.

strongly agree | neutral | disagree strongly
agree disagree
1. Instructions for the screening from 1 2 3 4 5
the screener were clear and easy to
understand.
2. |l understood the questions that were 1 2 3 4 5
asked.
3. The app was easy to use at the ECD 1 2 3 4 5
centre with me helping and answering
the questions.
4. The screenings were quick for the 1 2 3 4 5
screener to administer.
5. | think the children understood the 1 2 3 - 5
questions that were asked of them.
6. | think the screening results were 1 2 3 4 5
correct.
7. | could answer the developmental 1 2 3 4 5
screening questions about the children
correctly because | spend a lot of time
with them.
8. The screenings can have a positive 1 2 3 4 5
impact in the community and | would
want to do them with the children
often.

Do you have any other comments? How can we make the developmental screening even better:

Room 3-14, Communication Pathology Buliding

University of Pretoria, Private Bag X20

Hatfield D028, South Africa

Tel +27 (0)12 420 2355 | Fax =27 (0)12 420 2355

Emall maria.dutoitBup.ac.2za | www.up.ac.za/Tacuity-of -humanities
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Appendix H — Proof of publication of article in journal

Routledge author update: congratulations, your article is published!
25| | € Reply | % ReplyAll

info@tandfonline.com
To kirstyfuchs@gmail.com

@ If there are problems with how this message is displayed, click here to view it in a web browser.

Author Services | FAQ | Twitter | Facebook | LinkedIn

Dear author,

Congratulations, we're delighted to let you know that your final published article (the Version of Record) is now on
Taylor & Francis Online.

Combined screening of early childhood development, hearing and vision by community health workers using
mHealth tools in a low-income community

Want to tell others you're published? Use your free eprints today
Every author at Routledge (including all co-authors) gets 50 free online copies of their article to share with friends
and colleagues as soon as their article is published. Your eprint link is now ready to use and is:

https:/iwww tandfonline.com/eprint/ GTND3EAJONAZKWSYIQEH/full ?target=10.1080/03004430.2023.2216893

v fj=]in

You can paste this into your emails, on social media, or anywhere else you'd like others to read your article.
Author feedback tells us this is a highly effective way of highlighting your research. Using this link also means we
can track your article’s downloads and citations, so you can measure its impact. Find out more about sharing
your work, how you can work with us to highlight your article.

Have you registered to access your Authored Works?

If you haven't already done so, now is the time to register for your Authored Works, our dedicated center for all
Taylor & Francis published authors. Authored Works gives you instant access to your article, and is where you can
go to see how many people have downloaded it, cited it and access your Altmetric data.

89

© University of Pretoria



UNIVERSITE
UNIVERSIT
Q=P YUNIBESIT

Routledge author update: congratulations, your article is published!

info@tandfonline.com

To

|§‘ | (_‘) Reply «') Repl

kirstyfuchs@gmail.com

® If there are problems with how this message is displayed, click here to view it in a web browser.

To access your Authored Works, you will need to register with the email address below:
kirstyfuchs@gmail.com

Once you've completed the quick registration you'll be sent an email asking you to confirm. Click on the
verification link and you can then login (using the above email address) whenever you want to by going fo Taylor
& Francis Online. Once you have logged in, click on "Your Account” at the top of the page to see the latest
updates on your article.

Next steps
We'll be in touch as soon as your article is assigned to the latest issue of Early Child Development and Care, but
if you've any qgueries in the interim don't hesitate to contact us.

Kind regards,

Stewart Gardiner
Global Production Director, Journals
Taylor & Francis Group

Interested in insights, tips, and updates for Taylor & Francis authors? Be part of our researcher community on:
Twitter

Facebook

Linkedin

Taylor & Francis Author Services

Early Child

Development
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