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[bookmark: _3znysh7]Abstract/Summary  
Background: 
The massive use of technology can be leveraged to facilitate access to growth and development programs for children with access constraints. Existing programs supporting children’s growth and development especially for children younger than three years are inadequate and not accessible to most families. In most cases, primary caregivers are unable to identify delayed milestones in their children’s growth and development due to inadequate information on how to assess the key developmental milestones, and they often report the cases when they have become very severe. To promote early identification of possible developmental delays, the African Population and Health Research Center (APHRC) together with Val Partners will develop, implement and evaluate the use of mobile phone technology to help young mothers track their children's development. 
Objective:
The objective of the proposed study will be to develop and test the feasibility of using mobile phone technology for optimizing, tracking, and responding to children's developmental progress.  
Study design: 
The study will employ a quasi-experimental design and will use a mixed-methods approach combining quantitative and qualitative methodologies. This will be a two-arm study, where the first arm will be trained on the use of a mobile phone application to assess their children’s growth and development, while the second group will receive the standard of care provided by community health volunteers (CHVs). A total of 220 mothers/primary caregivers-child dyads will be recruited into this study. We will estimate the causal effect of the intervention using mixed linear models and the Difference-in-Differences estimator.  
Study duration: 24 months


Budget: CAD 250,000
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[bookmark: _Toc1038519]Introduction and Background 
It is estimated that up to 95% of the global population lives in areas that have mobile-cellular networks coverage (1). Mobile phone technology has drastically changed communication among people worldwide and more so in developing countries (2). Like in any other developing country, mobile phone use in Kenya has increased considerably and many families now own mobile phones (3), (4). The massive use of technology can be leveraged to help facilitate children’s growth and development. Programs supporting children’s growth and development, particularly for those younger than three years, may be inadequate and not accessible to many families (5), especially those in disadvantaged settings. Notably, about 250 million (43%) children under five years in low- and middle-income countries (LMICs) are at risk of not achieving their developmental potential (6). The proportion of at-risk children is higher in sub-Saharan Africa (SSA), at 67%, due to exposure to multiple risks including poverty, malnutrition, poor health, and inadequate stimulation at home(7)
Residents of informal settlements are disadvantaged in many ways: they are faced with high levels of poverty and food insecurity; their children are sicker, poorly fed and they experience higher child malnutrition and mortality rates than other sub-populations (8) . In many urban informal settlements, one of the most salient poverty-related parenting/caregiving challenge that parents/caregivers face is the provision of appropriate stimulation of children (9). Residents in informal urban settlements tend to become parents at a much earlier age, with over half of mothers of children under five years being aged below 25 years; about 25% are adolescents. Education levels among such parents/caregivers are lower than among those in the upper socio-economic divides of the population. Therefore, in addition to poverty, poor parenting/caregiving behaviors and child nutrition and health in urban informal settlements have been attributed to low parental/caregiver age and education (6).
It is essential to empower parents (primary caregivers) to be able to care for and stimulate their children for optimal growth and development. Such a process should be coupled with training/information on how they can assess their children’s day-to-day activities to detect any developmental delays for immediate intervention (10) in order to prevent impairments. For many interventions among children, priority is often assigned to disorders that have a high prevalence, and to those which are associated with developmental trajectories that could result in adverse behavioral, social, and psychological outcomes (10). Even though early assessment is important, there is a shortage of appropriate assessment/screening tools to identify developmental delays contextualized to SSA, hampering efforts to identify and adequately monitor at-risk children (11). In most cases, primary caregivers are unable to identify delayed milestones in their children’s growth and development due to inadequate information on how to assess the key developmental milestones. By the time they report such cases, most of them would have become very severe. To mitigate such an eventuality, children should be exposed to high quality and affordable early childhood development (ECD) programs (12). 
As children's development takes place in daily life activities, caregivers/parents are able to report early signs of developmental delay during their regular interactions with children. We therefore propose a project which will use innovative mobile phone technology to help caregivers identify, track and respond to delays and challenges in their children’s development in a timely manner. Caregivers/parents (with a focus on young mothers in Nairobi) will be trained on how to record developmental milestones achieved by their children in real time, in order to help them identify and address developmental delays early. The innovation will rely on real-time data collection and feedback, coupled with home visits by community health volunteers (CHVs). Through a participatory approach in the formative research phase, the innovation will be co-designed with parents/caregivers. This process will enhance acceptance of the innovation. The innovation will allow responses by multiple caregivers and will build on knowledge that caregivers possess and current caregiving practices in use. 
[bookmark: _3dy6vkm]The proposed study aims at developing and testing the feasibility of using a mobile application by parents/caregivers to track their children’s developmental progress in informal settlements in Nairobi.  The proposed work will also set the stage for robust measurement and parental tracking of key child development indicators. The data generated will provide much-needed information for program design and intervention replication – both in Kenya and internationally. This research will improve our understanding of potential cultural and social barriers to assessment of children’s growth and development and early identification of developmental delays and how to overcome them. The APHRC will partner with the county government from the onset to gain their support on successful completion of the pilot phase. The learning from this project will be shared with the Ministry of Health (MoH) and the relevant county governments. If proven to work, the government will likely adopt the innovation for potential scale-up. The findings will inform Kenya’s MoH’s plans to scale up ECD service delivery within the health system. 
[bookmark: _Toc1038520]Problem Statement and Justification 
[bookmark: _4d34og8]Mobile phone use in Kenya has increased considerably, and many families now own mobile phones. Mobile phones can be used to pass information through the short messaging service (SMS) and voice calls, for money transfer, to share ideas and enhance interactions though social media (1)Within the health sector in Kenya, the use of mobile phones is progressively playing an important role in health care delivery and especially in tracking health outcomes. Health care providers in Kenya use mobile phones to: remind patients of their appointments; pass on health promotion and education messages; provide outbreak alerts; ensure retention in prevention of mother-to-child transmission (PMTCT) programs; and, follow up patients on their progress after treatment (3)Despite the increasing popularity of the use of mobile phones within the health system in Kenya, there is limited information on the use of mobile applications to track children’s developmental progress.     
The use of mobile phone technology to optimize, track and respond to children's developmental progress can be of great value in addressing delays in child development. Developing a mobile application to track children’s developmental progress is a great innovation that will help caregivers in LMICs identify developmental delays early on. Further, mobile phone tracking provides an opportunity for health care workers (such as CHVs) to educate families and provide further advice on care and development without the families having to travel to the facility. As mobile phone use in Kenya is high, at over 80%, this innovation is likely to be socially acceptable. 



[bookmark: _17dp8vu][bookmark: _Toc1038521]Review of Literature
Researchers, advocates and clinicians around the world have been working to prevent, diagnose and treat childhood illnesses as well as promote early identification of developmental delays in children. This task is however often more challenging in LMICs where most of the world’s children live in, and where the indicators for child survival and health are poor (13)Moreover, the support available for optimal growth and development of young children as well as prevention, detection and management of developmental difficulties during infancy and early childhood is in most cases inadequate (6)
Developmental difficulties include delays in the following domains: language, cognitive, social-emotional, behavioral and psychomotor development. Studies indicate a high prevalence of developmental difficulties during the early childhood years in all countries(10). These conditions are often more common than most chronic conditions that result in major morbidity across the lifespan. In most highly-developed countries, services related to prevention and early identification of developmental difficulties in young children are government-subsidized and some are free of charge (14). However, these services are not accessible to most children in LMICs. Countries with high prevalence of early childhood development risk factors (malnutrition, iron deficiency, infectious epidemics and low birth weight) also have high rates of developmental difficulties. Factors that threaten children’s growth and development also pose a risk to their survival. Such a situation therefore necessitates prioritizing developmental difficulties in LMICs. 
Integration of mobile technology into the health system has been globally used to empower patients, that is, patients being given additional roles in promoting their own health (monitoring and management). This has resulted in improved health outcomes among patients (4). The most common phone technology used in LMICs is SMS. Using such initiatives could yield positive outcomes through improved caregiver knowledge, attitudes and practices (KAP) in childcare, which in turn facilitate the prevention and early identification of developmental difficulties (delays). Building the capacity of caregivers to be able to stimulate their children and identify developmental delays is an effective avenue to respond to children’s developmental needs. Developing effective interventions that provide support for families to better stimulate children is therefore highly recommended (15).  However, such initiatives are scarce. In addition, in SSA, the literature on the effectiveness of ECD interventions on changing caregivers’ KAP is sparse. 

[bookmark: _Toc1038522]Conceptual framework and operationalization 
In addressing developmental delays, it is critical to point out risk factors that might affect a child’s growth and development. The conceptual framework displayed in Figure 1 identifies such potential risk factors.
[image: ] 
[bookmark: _Toc1031077]Figure 1: The life-cycle approach to developmental risk factors (reproduced from Ertem, 2011)
The life-cycle approach embodies four key concepts (16). First, risk and protective factors coexist throughout the lifespan thereby hampering or promoting children’s growth and development to their full potential. Secondly, factors that place a child’s survival at risk also present a risk for optimal development. Thirdly, in most cases, as risks occur together and not in isolation, their cumulative number or duration and severity, as well as the adequacy of the protective factors are determinants of the impact of such risk factors. In addition, risk factors affect children’s growth and development through multiple pathways and therefore categorizations (such as biological and psychosocial or genetic and infectious or nutrition) are of limited value. Interventions to address developmental delays or risk factors should therefore be informed by the multifaceted nature of risk and protective factors.  
Figure 2 illustrates the operationalization of the conceptual framework presented in Figure 1 for the purposes of the current study. The pathways through which the intervention program is expected to influence developmental outcomes are represented by boxes 1, 2 and 3.  Poor parents/caregivers may be stressed and, in addition, suffer from a poor sense of parenting efficacy.  Such a situation may result in caregivers being less responsive to their children which may in turn lead to less than optimal child outcomes.  According to the life-cycle approach model, parenting stress represents life-long risks, while parenting efficacy represents risks during adolescence. Parenting/caregiving knowledge and attitudes, which represent perinatal risks, are included in the model as contextual conditions that may be linked to the quality of the interaction between the caregiver and the child, an early childhood risk.  We hypothesize that the intervention will have an indirect (through Boxes 1, 2 and 3) and direct effect on children’s developmental outcomes.
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[bookmark: _Toc1031078]Figure 2: Pathways of influence on child developmental outcomes



[bookmark: _Toc1038523]Research Question and Objectives
[bookmark: _Toc1038524]Research question 
Is integrating mobile phone technology in tracking and responding to children’s development progress feasible, effective, and sustainable? 
[bookmark: _Toc1038525]Main objective
The main objective of this study will be to develop and test the feasibility of the use of mobile phone technology for optimizing, tracking, and responding to children's developmental progress in urban poor settings. 
Specific objectives include: 
1. To determine user, stakeholder and service providers’ needs for incorporating the mobile phone technology-based ECD intervention in identifying developmental delays and responding in a timely manner;
2. To determine whether the intervention strengthens CHVs’ capacity to support, manage and sustain early identification of developmental delays and stimulation of children in their communities?
3. To determine the effect of the mobile phone technology-based ECD intervention on the mothers /caregivers’ ECD knowledge, attitude and practices;  
4. To determine the effect of the intervention on primary caregivers’ well-being (mental health and stress levels), sense of parenting efficacy and connections to services;
5. To determine the effect of the mobile phone technology-based ECD intervention on growth and developmental outcomes of children aged 0-3 years.
Research questions 
1. What is the role of stakeholders in promoting the feasibility of the mobile application?
a. How can caregivers and other stakeholders be involved in the design and development of a mobile application to track children's developmental progress?
b. Does the intervention enable caregivers of young children living in informal settlements in Nairobi to use mobile phone technology to optimize their children's growth and development?
c. How does the mobile phone application improve referrals to health services? 
d. What forms of support do health facility managers think CHVs can provide to caregivers using the mobile phone application?
e. What are the perceptions of health facility managers on the forms of support that CHVs can provide to caregivers using the mobile phone application?
2. What are the perceptions of CHVs on the form of support that they provide to caregivers using the mobile phone application?
a. Can community health volunteers (CHVs) be trained to deliver an intervention using mobile phone technology? 
b. Do CHVs experience a change in their levels of knowledge of early childhood development (ECD) after being trained on the use of the mobile phone application? 
3. How does the intervention improve?
a. Caregiver-child interactions (responsive care and stimulation practices) among mothers and their young children (aged 0-3 years), and among fathers and their young children?
b. Mothers’/ caregivers’ ECD knowledge, attitudes and practices?
4. How does the program affect primary caregivers’ well-being (mental health and stress levels), sense of parenting efficacy and connections to services?
5. To what extent does the intervention lead to improvement of children’s developmental outcomes?

Outcomes
The outcomes will be measured after 12 months of participating in the project activities (endline). The primary outcome is the reported feasibility of the use of mobile phone technology to optimize, track and respond to child growth and development by caregivers/ parents. We expect that on a five-point scale, from strongly disagree to strongly agree, 80% of the caregivers will report that they ‘agree’ or ‘strongly agree’ that:
· The mobile app is easy to use and understand; 
· They find it easy to learn how to use the mobile app; 
· The mobile app enables them to quickly establish whether or not their children are developmentally on track.
The intermediate outcome is primary caregivers’ KAP.  We expect that mothers will report that they feel empowered in the decision-making process regarding the growth and development of their children. We also expect that caregivers/parents will demonstrate higher levels of sensitivity and responsivity. The ultimate outcome is children’s developmental outcomes. We expect to see an improvement in children’s functioning in the following domains: gross and fine motor, language, socio-emotional and cognitive development. 



[bookmark: _Toc1038526]Methods
[bookmark: _Toc1038527]Study design 
The study will use a mixed methods approach combining quantitative surveys, qualitative studies, and direct measurements. We propose a two-arm study, comprising control and intervention groups of mother/caregiver-child dyads recruited from two different sites. The participants will be recruited from routine Maternal and Child Health/Post-Partum (MCH/PP) clinics, within the first month of the infant’s life. The MCH/PP clinics provide services to promote child health, including maternity, newborn and postnatal care, vaccination, growth monitoring, and antenatal care. We will conduct a quasi-experimental follow-up study of mother/caregiver-child dyads, involving intervention and control groups. The intervention group will be selected from health facilities/community in one of the study sites in which the mobile application intervention will be implemented in 2019. The control group will be drawn from health facilities/community in the control site. 

[bookmark: _Toc1038528]Study setting and population     
[bookmark: _z337ya]The proposed study will be conducted in Nairobi County where the APHRC and its partners will work with parents/caregivers. The study will be conducted in Korogocho Ward within Ruaraka sub-County. The sample will be drawn from caregivers within the ward.
Nairobi County is among the 47 semi-autonomous county governments which were formed after the promulgation of the current Kenyan constitution. Every county is further subdivided into sub-counties and wards for ease of administration. Nairobi County had a total population of 3,138,369 in 2009, with a population growth rate of 4.05%. The county has 17 administrative sub-counties (Dagoretti North, Dagoretti South, Embakasi Central, Embakasi East, Embakasi North, Embakasi South, Embakasi West, Kamukunji, Kasarani, Kibra, Langata, Makadara, Mathare, Roysambu, Ruaraka, Starehe, and Westlands).
Ruaraka sub-County has five wards (Baba Dogo, Utalii, Mathare North, Lucky Summer and Korogocho) with a total population of 192,620 (Baba Dogo 30,741, Utali 36,275, Mathare North 53,658, Lucky Summer 30,000 and Korogocho 41,946). Our previous work in urban poor settings in Kenya indicates high levels of early motherhood, with women aged less than 20 years comprising close to 25% of mothers of children under five (17). According to unpublished data from 2017, within Korogocho slum, almost 2000 mothers of children under five are aged 15-19 years. Poor child feeding and care practices have been documented among these mothers (9), which result in poor child health outcomes, with close to 50% of children being stunted. The infant mortality rate is 57 deaths per 1000 live births (8). Young mothers lack appropriate childcare knowledge and have limited ability to make childcare decisions; they typically rely on their mothers and other older women for guidance (9). While in general this guidance and support may be good, young mothers appear unable to challenge it. And for most of these women, poverty-related challenges limit the opportunities for them to provide appropriate stimulation for their children. Struggles with motherhood and childcare, with little professional support often leaves the young mothers stressed, limiting their ability for childcare (9). Thus, many children in urban poor settings are at risk of not achieving their developmental potential, needing innovative interventions to improve parental support.

[bookmark: _Toc1038529]Description of the intervention 
The APHRC, in partnership with Val Partners, intends to provide an integrated ECD mobile phone technology application to help young mothers respond to their children's developmental progress in a timely manner. The proposed intervention focusses on improving caregiver’s knowledge, attitude and practices on children’s growth and development through training, use of mobile phone technology to track and stimulate their children’s growth and development, identifying developmental delays, mentorship visits by CHVs and referral/linkages to the health facility to address the identified developmental delays.
The specific intervention will be developed through the following steps (Figure 3): 
i. Co-designing the mobile application with the caregivers and CHVs: In the first few months of the project, the project team will co-develop and co-design the mobile application with caregivers and other stakeholders involved in the project that will enable parents to track and respond to developmental progression of their children. Appropriate child stimulation messages will first be created together with caregivers, through focus group discussions to establish the type of messages to be delivered to caregivers based on their current caregiving practices, and social and cultural contexts. This information will be used to develop, with other partners, a health-messaging platform for use with mothers/caregivers;
ii. Training of the CHVs and the caregivers: CHVs and caregivers will be trained on how to use the designed mobile application to record achievement of milestones and track children’s growth and development. A six-day residential training will be conducted; 
iii. Caregivers will receive weekly stimulation messages on play and communication activities to engage in to enhance their children’s development. The mobile phone technology innovation will be capable of generating customized child stimulation messages based on the age of the child and previous feedback;
iv. Home visits: The home visits will be conducted weekly over a period of approximately 12 months. CHVs will visit the homes regularly to establish if the child stimulation messages received by caregivers are being put into practice;
v. Referrals and connections to other services for families in the areas of health and nutrition: When the child's development is delayed, this will be flagged on the mobile app system and a message will be sent to the assigned CHV for action. The CHV will then visit that particular household so that s/he can provide the necessary support to the caregiver/parent to address the delay.
The overall solution structure utilizes existing CHVs to link with caregivers in marginalized communities to track and capture early childhood development indicators, and respond to developmental delays in a timely manner. The intervention is based on training and mentoring CHVs on the use of mobile technology to track children’s growth and development and to identify key development delays. The CHVs will visit households to train caregivers how to assess their children’s growth and development, how to stimulate their growth and how to report developmental delays. Since CHVs are part of the existing health system in Kenya, their regular interactions with mothers/caregivers enhances community acceptance.





[bookmark: _Toc1031079]Figure 3: Flow-chart diagram showing the implementation process 
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Sampling and sample size determination
The project will target young mothers (including adolescents) of children under the age of three years and living in informal settlement areas in Nairobi. We will identify and recruit CHVs within the community, and they will in turn assist the study team to recruit mothers/ caregivers who are eligible for inclusion. Efforts will be made to ensure equal representation of genders in the intervention as both fathers and mothers will be included during all communications and activities related to the project.
[bookmark: _GoBack]The sample size was calculated using G*Power program(18) where the program was set to a two-sided t-test involving the difference between two independent means (18).  Using a priori power analysis, we input the values of 0.05 and 0.84 for significance levels and power, respectively. Additionally, equal sized sample groups are assumed, meaning the allocation ratio of N1 (intervention group) to N2 (control group) is 1. The calculation produced a sample size of 100 for each group, which allowing for a 10% attrition rate gave a result of 110. We therefore hypothesize that with 100 caregiver-infant dyads in the intervention group and 100 in the control group, the sample size achieves 80% power to detect a difference among the two groups, with an effect size of 0.4, at the 5% significance level (two-tailed test). A sample comprising a total of 220 households (caregiver-child dyads) will therefore be recruited.

[bookmark: _1y810tw]Inclusion and exclusion criteria
Inclusion criteria
All primary caregivers of children aged between six and 24 months will be eligible for inclusion in the study. Families will be selected on the basis of their vulnerability status (for example, teenage mothers, poor health and nutrition indicators, HIV exposure, and poverty levels). They will be long-term residents (more than one year) of the study area.
Exclusion criteria
[bookmark: _4i7ojhp]Any short-term residents (less than one year) will be excluded from the study. Children above three years will also be excluded from the study. Also excluded will be women (or men) incapable of giving consent (e.g. those with mental illness)  

[bookmark: _Toc1038530]Data collection procedures	
[bookmark: _1ci93xb]Recruitment and training of data collection field workers
Qualitative data collection will be carried out by interviewers with college-level education in a relevant or related field, and with experience in conducting qualitative interviews. They will also be required to have previous experience in data collection in the area of interest. Quantitative data will be collected by carefully-trained field workers with a minimum of grade C+ in the Kenya Certificate of Secondary Education (KCSE) examination. Those with experience in data collection, particularly in research among young children, will be given preference. Additionally, a field supervisor/quality assurance monitor, who will coordinate fieldwork and ensure quality of data through spot checks and editing of the collected data, will be recruited. S/he will be expected to have college-level education in a relevant or related field. All field workers (for both qualitative and quantitative data collection), and field supervisor/quality assurance monitor will be expected to be fluent in both English and Kiswahili.  They should also be residents of the study area. 
After recruitment, data collectors will be trained in line with the APHRC’s standards. The research team will conduct a one-week training on ethical issues, data collection tools and procedures, and data quality.  We will also train interviewers/child assessors on administration of the developmental assessment tools.  This training will be both information and problem-solving based. Additionally, a field supervisor, who will coordinate fieldwork and ensure quality of data through spot checks and editing of the collected data, will be trained. 

Objective 1: To determine user, stakeholder and service provider’s needs for incorporating the mobile phone technology-based ECD intervention in identifying developmental delays and responding in a timely manner
Data on operational feasibility of the mobile phone technology plus home-based ECD intervention will be collected during baseline, midline and end-line. We will conduct qualitative interviews with CHVs, policy makers/implementers, healthcare managers and providers at the national, county and sub-county level as appropriate, to determine their perceptions on the intervention including its importance, feasibility and efficiency, among other aspects. This will help in assessing whether the stakeholders will value the program, that is, whether they think the program will meet their needs. 
Focus group discussions (FGDs) with CHVs and mothers/caregivers of children under 3 years will help in understanding their needs and potential solutions to such needs. Quantitative and qualitative interviews will be held with both female and male caregivers to establish the feasibility of using the mobile application in tracking children's developmental outcomes, their role in the project, perceived benefits of the intervention, and facilitators and hindrances to their participation in caregiving activities. In addition, Key Informant Interviews (KIIs) with members of the sub-County Health Management Team (SCHMT) and providers of ECD services will help in understanding the gaps in early identification of developmental delays and how the program will address the identified gaps. 

Objective 2: To determine whether the intervention strengthens CHVs capacity to support, manage and sustain early identification of developmental delays and stimulation of children in their communities
CHVs will be interviewed on their experience with the mobile application, their perceptions on the feasibility of its use to track children's developmental progression, and their perceptions on the support they provide to mothers using the mobile application to track children's developmental progression. We will use reports from CHVs to establish the number of referrals they have made. We will ask CHVs how comfortable they are using mobile phone tracking as an opportunity to educate families, and whether mobile phone tracking makes it easier for them to provide additional advice on care and development in a timely manner. This information will enable us to establish whether CHVs can be trained to deliver the intervention using mobile phone technology. We will use a pre-post intervention survey to establish CHVs’ change in levels of knowledge of early childhood development after being trained on the use of the mobile phone application. 



Objective 3: To determine the effect of the mobile phone technology-based ECD intervention on the mothers /caregivers’ ECD knowledge, attitude and practices  
Information on caregiving knowledge and practices will be obtained at baseline (before the intervention starts), midline (halfway through the intervention) and at end-line (after a period of twelve months of the intervention) to measure change. The questions for the quantitative surveys will be pretested to check whether they are culturally meaningful and relevant for this context through two Focus Group Discussions (FGDs) (6-8 mothers/caregivers in each group) and four in-depth interviews (IDIs) with mothers/caregivers who will not be part of the main study.  During the pre-testing, we will establish if caregivers find any of the questions difficult to understand and if so, request their suggestions on how the questions should be rephrased.  We will also establish with the mothers/caregivers whether the interview is of an appropriate length. We will compare outcomes among the two study groups – those who will be exposed to the intervention, and those who will not be exposed.
(i) Quantitative methods
Quantitative questionnaires will be used to establish the use of the mobile application.
Data will be collected through interviews with both mothers and fathers about their experiences with the mobile phone technology, and with caregiving. Caregiver KAP will be measured using a set of questions that cover topics such as appropriate care, feeding practices, play and communication activities and learning activities likely to promote holistic development in children. Caregiving knowledge will be assessed through maternal report of the different aspects of child development. We will use ten questions on caregiver ECD knowledge which will be scored on a Likert scale ranging from ‘1’ = agree completely to ‘4’ = disagree completely. 
Caregiving practices will be assessed by maternal self-report of their responsiveness and the opportunities for age-appropriate play and learning available to the child at home. The mother/caregiver will also be asked about their involvement with the child, acceptance and provision of learning materials. We will use one question from the child development module of the UNICEF Multiple Indicator Cluster Survey (MICS) to assess caregiving practices. Each activity will be scored separately, and a point will be given for every positive response. A summated score will be derived from adding up all the scores obtained.  Higher scores will denote better caregiver KAP. We will ask follow-up questions per practice to validate self-reports from the mothers/caregivers. 
We will also obtain additional information such as the child’s date of birth and birth weight from the MoH Mother-Child Booklet, and other health records during the initial data collection period. Where these documents are not available, we will rely on maternal recall. Trained data collectors will collect length, weight and head circumference data according to the standard protocol, at baseline and end-line. Weight will be measured to the nearest 0.1 kg (20). Mothers/ will be interviewed at their households to obtain information on sociodemographic characteristics such as maternal age, education and occupation, crowding (persons per room) and household possessions at recruitment (baseline). All assessments with children and interviews with mothers/caregivers will be conducted in the language with which the participants are most comfortable, that is, Kiswahili or English. 
(ii) Qualitative methods
We will conduct IDIs and FGDs with caregivers in the intervention and control groups, to have an in-depth understanding of their KAP regarding childcare, and their experience with the intervention (for those in intervention group) at personal levels. The IDIs and FGDs will provide an overview of ECD practices at community level and the use of the integrated phone-based ECD services. Among the intervention group, we will seek information regarding their own experiences with delivery of the intervention, and their perceptions on the effects of the intervention on parenting practices and children’s developmental outcomes. Interviews with the control group participants will allow us to understand any differences in the knowledge and practices of the caregivers. Two interviewers will conduct each interview: the moderator will facilitate the session while the note taker will take notes of the discussion and operate the audio recorder. All interviews will be conducted in the most preferred language of the respondents (English or Kiswahili). The number of qualitative interviews will be determined by the data saturation point.  
Objective 4: To determine the effect of the intervention on primary caregivers’ well-being (mental health and stress levels), sense of parenting efficacy and connections to services
Data on caregivers’ wellbeing (mental health and stress levels) will be obtained by conducting interviews with primary caregivers to establish the frequency of use of health services. We will also administer the parenting stress index which determines overall levels of primary caregiving stress. The tool has items rated from ‘1’ (strongly disagree) to ‘5’ (strongly agree) assessing stress related to parental distress, and is concerned with primary caregiver perceptions of self-esteem, sense of competence and role restrictions.  

Objective 5: To determine the effect of the mobile phone technology-based ECD intervention on child growth and developmental outcomes of children aged 0-3 years
Trained field workers will administer the Protocol for Child Monitoring – Infant-Toddler Version (PCM-IT) to assess children’s developmental outcomes. The items on the PCM-IT are derived from tools that include the Kilifi Developmental Inventory (KDI), the Developmental Milestones Checklist (DMC) and the Profile for Socioemotional Development (PSED). Information on children’s functioning is obtained through a combination of caregiver self-reported questions and direct observations, similarly to the procedures used in a study conducted in Kilifi, Kenya (19).   These tools have been validated among young children living in rural communities and these earlier studies have reported community acceptability. 
The PCM-IT consists of measures of psychomotor skills, early cognition, functional language and socio-emotional development, and taps into five developmental domains: psychomotor skills (gross and fine motor), cognitive, language, self-help/adaptive behavior and social and emotional regulation.  The psychomotor assessment combines both parental report and direct observation of the child’s performance in the assessment of two main domains, locomotor development and fine motor skills. The PCM-IT items are scored ‘0’ if the child is unable to carry out action/activity, ‘1’ if a child able to complete action/activity momentarily or with much support/effort, ‘2’ if the child is beginning to carry out the action/activity, with limitations to control or strength or regularity and ‘3’ ‘if able to carry out specific action/activity with little effort or force. The responses to each of the questions/items in each domain will be summed to provide a score for each area.  Higher scores indicate outcomes that are more positive for children. 
All the assessments of children’s performance will be completed individually on a one-to-one basis in a private place away from distractions but within the sight of other children to reduce anxiety. Data will be collected at the participants' homes during the implementation period. These assessments will take approximately one hour. On the language measure, the parent will be presented with a number of words on a checklist and asked which of the words the child is able to understand and to say. Children’s social-emotional behavior will be assessed through an interview with the parent/home caregiver. The interview asks about the child’s behavior on a number of aspects including eating, sleeping, and independent activities and playing with others. A language adaptation protocol will be followed to ensure that the conceptual integrity of the original items is retained in the translation. Child developmental outcomes will be assessed at two time points – at the baseline before the intervention begins, and at endline after the intervention period has ended.
At baseline, we will also administer the Ages and Stages Questionnaire – Third Edition (ASQ-3) (20)to establish children’s ‘developmental’ age before the start of the intervention. This information will enable us to determine the level at which the messages which will be sent to the mothers/caregivers should begin, as the messages on the mobile phone app will be crafted according to the age of the child. For instance, with regards to motor development, if the child is able to ‘sit on his/her own,’ the messages that will be sent to the mother/caregiver at the first contact will be those where the mother will be encouraged to stimulate the development of the next milestone, that is, crawling.  The ASQ-3 is used to measure children’s developmental outcomes in terms of their gross and fine motor skills, language, socio-emotional and physical development through a combination of primary caregiver self-reported questions and direct observations(21).   The ASQ-3 is a globally used parent/primary caregiver-reported, easy-to-use, reliable, and validated screening instrument to identify potential developmental delays among children aged between 2 and 60 months.  Apart from self-reports, primary caregivers are requested to try each activity with their child to facilitate accurate item assessment. Items are scored ‘yes’ (= 10 points) if the child is able to perform the activity, ‘sometimes’ (= 5 points) if the child tries and fails but the primary caregiver reports that the child could perform the activity sometimes, and ‘no’ (= 0 points) if the child is unable to perform the item. The responses to each of the six questions in each domain are summed to provide a score for each area. Scores for each domain should fall between 0 and 60. Higher scores indicate more positive outcomes for children. 
[bookmark: _Toc1038531] Data management and analysis
[bookmark: _2bn6wsx]Data quality
Data collection will be supervised by carefully trained team leaders, and the research team. During fieldwork, data quality for quantitative data will be enhanced by APHRC team leads through regular spot checks and sit-ins to approximately 5-10% of each field worker’s daily work to verify authenticity of data collected. The field supervisor will certify the quality of the data through editing of the data before they are transferred to the database. Data collection will be done electronically using tablets/phones, with spot checks for quality control. Once the data collection is completed, all inconsistencies will be resolved prior to data analysis. An automated routine to check on the data completeness, correctness and consistency will also be run on 100% of the collected data. A discrepancy report will then be generated to help in following up on any inconsistencies or errors in the data with the responsible interviewer. 
[bookmark: _qsh70q]Similarly, the quality of qualitative data will be enhanced through recruitment and training of qualified field interviewers with experience in qualitative data collection. Pretesting of tools and debriefing after pretest will be done to increase quality of the data. The interviews will be transcribed verbatim by an experienced transcriptionist and double coding of about 10% of the transcripts will also be done to ensure consistency in the application of the codes. 

[bookmark: _3as4poj]Data processing and analysis
All qualitative data will be coded and analyzed using NVivo. Transcribed Microsoft Word files will be imported into NVivo software to help identify primary and meta codes and major themes. Analysis across all transcripts will be done thematically. . 
Differences in caregiver KAP and wellbeing at baseline and end-line for the intervention and control groups will be determined by summing the scores on the items and running a t-test for comparison.  
For child developmental outcomes, raw scores will be constructed by adding all the items passed for each domain on the PCM-IT. Composite scores will be computed by summing the scores across all the domains. As we expect scores on each test to increase with age, the scores will be standardized for age to allow for direct comparisons across tests. After the data are cleaned, quantitative data analysis will be performed using Stata. A first set of analyses will consist of descriptive statistics. This will allow us to detect similarities and/or differences between subjects’ characteristics across the different groups. We will compare some baseline measurements between the control group and intervention group using the t-test adjusted for continuous variables, and cluster-adjusted chi-square for binary variables. The second set of analysis will consist of assessing the causal effect of the ECD intervention in Korogocho via the DID estimator, and mixed linear model.  Individual items on the PCM-IT will be reviewed for missing data, as well as for floor and ceiling effects.  In the case where more than 10% of the responses on the items are missing, the data will be excluded from further analysis. The time taken to complete the assessment will be calculated. We will also calculate the totals by summing the scores of the items included in the tool to establish children’s performance levels at baseline and at end-line. This will enable us to identify child development domains that have acceptable variability.

[bookmark: _1pxezwc]Data sharing
In line with APHRC’s data sharing policies, the primary data will be made available in a timely manner and in an anonymized, user-friendly format to external users through the online APHRC Microdata Portal. The data will be released to the public domain two years after the release of analytical data sets (i.e. after finalization of data cleaning). The 24-month embargo will enable the research team to finalize publications addressing core study objectives and allow other interested host organization staff to use the data. Graduate students seeking to use the data for writing their theses and dissertations before the embargo can be given permission to use such data if collaborative partners supervise them or if they are former employees of the APHRC. 

Data storage and destruction 
Data storage and management will be carried out in line with APHRC’s guidelines on data access and sharing. Quantitative data will be kept in a password-protected file in a computer accessed only by the research team. Datasets will be anonymized, documented and availed for public use on the APHRC’s Microdata portal two years after the end of the project. Qualitative data (audio files) will be extracted from the recorders, deleted from the recorders and kept in a password-protected file in a computer used and accessed by the research team only. Accompanying notes will be locked in cabinets only accessed by the research team. The resultant transcripts from the audio files will be anonymized, coded into analysis software e.g. NVivo, and availed for public access and use on the APHRC Microdata portal. 
On destruction of the data, APHRC has fully transitioned from paper-based data collection to electronic data collection thereby ensuring that there are no data collected on physical forms that would warrant destruction of physical questionnaires. All electronic data records will be stored on password-protected computers accessible only to the research team.

[bookmark: _Toc1038532]Plans for Communicating the Study Findings 
We will engage government officials within the MoH at the sub-county, county and national levels. This engagement will be done through inception meetings at the beginning of the project, and dissemination meetings at the end of the project. The purpose of the inception meetings at the beginning of the project is to introduce them to the purpose of the project. At the end, we will present to them the findings of the project.
Results obtained through this study will be made available to participants in the study (caregivers, CHVs, health service providers) and key governmental and nongovernmental stakeholders in Nairobi County and nationally. Furthermore:
· The study team will conduct two dissemination workshops. One workshop will be held with the Nairobi County Health Management Team (CHMT), SCHMT, and other stakeholders within the county. The second workshop will be held in Nairobi to share research findings with government staff, development partners, NGOs, activists, media houses, health professional societies, and policymakers; 
· Findings of the study will be shared with researchers and policy makers at local and international conferences; 
· We also expect to publish articles in Open Access peer-reviewed scientific journals; 
· The Policy Engagement and Communication (PEC) Unit at the APHRC will also use the findings of this study to produce policy briefs, fact sheets, and working papers, as well as newsletters, which will be shared with a wide range of stakeholders; 
· The findings of the study will also be shared through partner websites.



[bookmark: _147n2zr][bookmark: _Toc1038533]Study Limitations and Risks
1. One of the limitations of this study is that since a large proportion of the data will be self-reported, there is the risk that mothers/primary caregivers or other respondents might exaggerate their responses to increase social desirability, or under-report on those aspects that they consider to be problematic. However, we have put different measures as outlined in the protocol to avert this, including incorporating direct observations. 
2. There is a possibility of contamination if study participants who are exposed to the intervention share information about the intervention activities with those who are in the control group. However, the possibility of this is remote as we will implement the intervention in clusters stratified by geographic areas which are distinct enough to control interaction. 
3. The study findings will only be generalizable to urban slum areas with similar characteristics as the study sites. However, we can expect that the findings will be useful for scale-up in other settings that are similar to the ones under study, with few modifications to different aspects of the study methods.  The basic socioeconomic and health conditions in the study sites are commonly found in urban slum areas throughout SSA.
4. There is the possibility that some of the CHVs trained on the use of mobile phone technology may move to other areas, in a natural process of attrition. Some of the strategies that we will employ for reducing attrition are:
a. Provision of supportive supervision by Community Health Assistants (CHAs) who oversee the work of CHVs;
b. Ensuring that the CHVs have defined roles with specific tasks; and,
c. Provision of monetary incentives such as reimbursement of costs related to their work in the project.



[bookmark: _Toc1038534]Ethical Considerations
[bookmark: _23ckvvd]The study will be conducted after internal review by the APHRC’s internal scientific review committee has been completed and ethics approval from Amref Health’s Ethics and Scientific Review Committee (ESRC) has been received. The investigators have undergone training regarding protection of human subjects in research and hold a certificate from the NIH web-based training course on the protection of human participants. They will therefore be cognizant of the fundamental principles regarding research on human participants: respect for persons, beneficence, non-malevolence and justice. All field workers will also receive training on research ethics.  We shall seek informed consent from all study participants. For those who cannot read, the information sheet will be read to them in English or Kiswahili and they will be asked to provide a thumb print to signify their consent.
a) Human Subjects Considerations 
i. Potential Risks 
The investigators expect minimal risk to study participants. The study participants may feel inconvenienced due to loss of time, or discomfort of having to answer questions during data collection, or discomfort due to fear of breach of confidentiality regarding the information they will provide. To minimize inconvenience due to time loss, questionnaires will be kept brief, and qualitative interviewees will receive a small compensation of Kes. 500 for their time, since qualitative interviews tend to take longer. As much as possible, interviews will be conducted at the convenience of the respondent and in an area that affords privacy. The contact details of the PI and representative of the Institutional Review Board (IRB) will be included in the information sheet for the participants in case of any concerns.
ii. Potential Benefits 
No individual benefits are anticipated from participation in this study. The proposed study is expected to inform program design in integration of mobile phone technology based ECD into health care system. This is likely to benefit the study community and other communities in Kenya in general. 


b) Informed Consent Process 
Informed consent will be obtained from all the adult participants following full disclosure regarding the purpose of the study and the procedures involved. Young/teenage mothers aged under 18 years, though requiring parental/guardian consent due to their age, will be considered as mature minors due to their parental status, and will therefore be exempted from parental/guardian consent.  Written informed consent forms will be signed by the study participants. For those that cannot read/write, the informed consent will be administered in the language they can understand (English/Kiswahili) and a thumbprint sought in the stead of a signature. In addition, a witness identified by the respondent will be asked to help the respondent in the process. More importantly data collectors will take ample time to explain to the participants the purpose of the study, procedures involved, length of the interview, benefits, risks and harm (if any) to enable the participants make an informed decision. The informed consent forms will be developed and translated into local language to enhance understanding by the study communities.
c) Subject Confidentiality 
The data collection team will be carefully trained on research ethics including full disclosure, respect for persons, seeking informed consent and confidentiality to minimize harm to the respondents. All data will be kept confidential and personal identifiers will be removed from analytical datasets shared with researchers. Databases will be password-protected to control access to non-authorized persons. All investigators, field supervisors, interviewers, and data entry and analysis personnel will also sign a confidentiality agreement before getting access to the data. The form will state that they will keep the data safe and will not reveal any identifiable information about study participants. 
d) Voluntary Participation 
It will be made clear to participants from the onset that participation in the study is voluntary and that those who may choose not to participate or discontinue with the study at any time and for whatever reasons will not face any prejudice. An individual will therefore be discontinued from the study if s/he expresses the desire to do so. The participant will continue to receive all of the normal services that s/he usually receives. Participants who agree to take part in the study will be required to provide a signature/thumb print on the informed consent form. The informed consent forms will be retained for a two-year period; after which they will be destroyed by shredding them to render the information on them unreadable or irretrievable. Before presentation and/or publication, participant information will be de-identified. 
[bookmark: _Toc1038535]Management and Organization of the Study
APHRC Team
The APHRC team will include the following: 
Dr. Patricia Kitsao-Wekulo will be the principal investigator and the lead researcher. She will be in charge of research project management and overall coordination. She will also contribute to study design, support preparation of ECD data collection tools, train and supervise on ECD measurements, lead on testing the ease of applicability of ECD assessment tools, and contribute to scientific and report writing, as well as dissemination activities. Dr. Elizabeth Kimani-Murage and Dr. Margaret Nampijja will be the co-principal investigators. They will oversee the implementation of the research activities including development of data collection tools, data collection and analysis, writing, dissemination and policy engagement and reporting. Mr. Kenneth Okelo, is the lead Research Officer in charge of the day-to-day operation of the study including development of the study protocol and data collection tools, recruitment, training and supervision of field workers. He will coordinate the field work during data collection and participate in the data analysis, dissemination and report and scientific writing. Mr. Silas Onyango and Ms. Milka Wanjohi will assist in coordination of the project activities, including recruitment of study participants, data collection, data management, dissemination and reporting. 

Val Partners Limited team
The Val Partners Limited team will include the following:
Abhishek Khamrai, Dominic Muindi and Yadav Kavita will provide technical support in designing the mobile technology application and will be co-implementers of the project. 
[bookmark: _32hioqz]
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	Transferring the project to the County government
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Data review workshop 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Final data management, analysis and report writing  
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	Final dissemination of findings 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





[bookmark: _Toc1038537]Budget
	Saving Brains Project Budget

	 
	2018-2019
	Total

	 
	CAD
	KES

	Personnel costs 
	80,207
	6,175,939

	Administrative cost for managing the implementation of the innovation 
	75,079
	5,781,083

	Data collection management and supervision 
	62,439
	4,807,803

	Equipment and field supplies
	32,271
	2,484,867

	GRAND TOTAL
	249,996
	19,249,692


*Exchange rate: 1 CAD = 77 KES
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[bookmark: _Toc1038539]Appendix 1: Map of Korogocho Ward
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