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Abstract 

 

Undernutrition is critical health factor in Malawi and the condition can have long term 

effects on children diagnosed with undernutrition. These underweight children may be 

at risk of wasting, stunting or other deficiencies. This does not only affect their potential 

growth, but also the cognitive development as their growth is impaired. Child growth 

monitoring is therefore very important, so undernutrition is detected and children with 

the condition is treated with supplementary food intake or treatment for other 

deficiencies. 

The goal of this thesis is the use and extend the DHIS2 Capture App for Android to fit 

the purpose of child growth monitoring and implementing WHO child growth 

standards. The purpose would to be studying the use of the implementation and how it 

is received by the health workers with the intention to replace the existing paper system 

in the future. The research method used is Action Research, combined with prototyping 

within the iterations. The data was collected in the form of participant observation, 

interviews and collecting documents and records. The study follows and adapts 

Nielsen’s system acceptability model on usefulness of an application. 

In terms of utility, the implementation provided advantages that often comes naturally 

when it is part of a software platform like the DHIS2 such as the possibility of remote 

reporting, storing data remotely and data aggregation. The ability to store data remotely 

and access them also counteracts some of the current challenges faced by the health 

workers such as multiple registers and their condition, duplicated data in different 

forms, loss of data and readability of forms. The z-score calculations allowed the health 

workers to have exact z-score values, in opposed to the use of less and greater than sign. 

In comparison to the paper forms, the study couldn’t give a clear answer on whether the 

implementation was more efficient or not. However, it can be argued having the 

application calculate the values for you would increase the efficiency and will be once 

the health workers have become more familiar with implementation. In the end, the 

health workers were pleased with the prototypes and hoped this could be used in the 

future. 
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1 Introduction 

 

1.1 Motivation 

Undernutrition is critical health factor in Malawi and the condition can have long term 

effects on children diagnosed with undernutrition. The condition is caused by diets 

where the intake of one or more nutrients are not enough or too low, such as calories, 

protein, fat or vitamins. These underweight children may be at risk of wasting, stunting 

or other deficiencies. This does not only affect their potential growth, but also the 

cognitive development as their growth is impaired. Some of the consequences of this 

are poor cognition, educational performance and increased risk of nutrition-related 

chronic diseases later in their adult life. Undernourished children are also at higher risk 

to get infectious diseases and illnesses.  

Child growth monitoring is therefore very important, so undernutrition is detected and 

children with the condition is treated with supplementary food intake or treatment for 

other deficiencies. The World Health Organization (WHO) has developed child growth 

standards as a tool for monitoring and standards can come in the form of growth curves 

in a chart.  

The documentation and monitoring of child growth is mostly done at primary health 

care by community health workers, and by today’s practice is done by paper. Many 

mHealth project has been conducted in Malawi’s health sector in the past, but none has 

involved child growth monitoring as most was used for reporting of aggregated data and 

not direct use with patients. 

The goal is the use and extend the DHIS2 Capture App for Android to fit the purpose of 

child growth monitoring and implementing WHO child growth standards. The purpose 

would to be studying the use of the implementation and how it is received by the health 

workers with the intention to replace the existing paper system in the future. 
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1.2 Research question 

The work on this thesis was motivated by the need and expansion of DHIS2 Capture 

App to support child growth monitoring in Malawi. The work was done in partnership 

with another fellow student, Thea Hvalen Thodesen and in her thesis explored the use of 

medical graphs in the app since it previously didn’t support the use of chart on programs 

and tracked individuals. The purpose of this thesis is to explore how useful the 

implementation as software tools should provide functionalities that is needed but also 

be usable to the users. The research will in the context of child growth monitoring and 

usefulness of the implementation for the health workers. In order to study the usefulness 

of the implementation, this thesis will try to answer the following research question: 

• What is the usefulness of the implementation in the context of child growth 

monitoring? 

1.3 Definition of usefulness 

The term usefulness in this thesis will be referred to a component of Nielsen’s model of 

system acceptability. According to Nielsen model, system acceptability is a collection 

of attributes concerning whether the system is good enough to satisfy all the needs and 

requirements of the users and other potential stakeholders (Nielsen 1993). In the model, 

the overall acceptability of a system is a combination of its social and practical 

acceptability as shown in Figure 1-1. Where social acceptability is whether the system 

is desirable by users in the community or socially acceptable. Practical acceptability is 

made up of categories such as cost of the system and its usefulness. While all the 

attributes are important in the model, for the scope of this thesis and the research 

question, only the usefulness attribute will be studied on as it is concerned with whether 

some desired goals can be achieved with the system.  

The usefulness attribute is broken into two categories, utility and usability. Where 

utility is the question of whether the functionality of the system in principle can do what 

is needed, and usability is the question of how well users can use that functionality 

(Nielsen 1993). Not only are both important in terms of the value of the application for 

the users, it should also be taken into consideration when designing and developing a 

system as it would increase the systems acceptability. While utility is about the systems 



3 

 

functionality, usability applies to aspects of the system where a user might interact. In 

so, usability consists of five attributes: 

 

Figure 1-1:A model of the attributes of system acceptability (Nielsen 1993) 

Learnability is the usability attribute regarding the ease of learning the system. The 

system should be easy to learn so that users can quickly start to work and get task done 

with system. This attribute resolves around the level of proficiency in using the system 

and the time it takes to reach that certain level so the users can be productive with it. 

Many systems have a wide range of functionalities and different usages, users often 

don’t take time to fully learn the system or the interface before starting to work on their 

task. It is therefore important the system is easy to learn and doesn’t require a lot of 

time to learn since some users learns while using. Some users don’t necessary use all 

the system and in some instances only use certain functionalities at rare cases. The 

learnability attribute is therefore not necessary about the time it takes to achieve 

complete mastery of a system, it also applies to certain task or what is considered 

enough level of proficiency to do useful work (Nielsen 1993). It is important the 

prototypes developed for this thesis has a high level of learnability because of the short 

duration of field trips, so the health workers can test the system in context. 

Efficiency refers to the expert user’s steady-state level of performance at the time when 

the learning curve flattens out. Efficiency can be measured by the time it takes for 
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experienced users to complete tasks. As performance is continuously measured for 

users, when performance has not increased for some time, it can be assumed the user 

has reached that steady-state level of performance. The time it takes for the users to 

reach that level is depended on the size and complexity of the system but as well as the 

learnability of the system mentioned above. However, users may not reach that steady-

state level of performance for different reasons. While it can take years to reach that 

kind of expert level performance for some systems, some users may already stop 

learning once they feel they know “enough” (Nielsen 1993). For context, the efficiency 

of the prototype will be compared to the existing system. It is unlikely the health 

workers will reach that steady-state level of performance for the new system during the 

time span of the field trips compared to the one that is in place. However, by comparing 

the two we can get some indication on whenever health workers spend less or more time 

doing the tasks rather than just the efficiency of the prototypes alone. 

Memorability is the attribute for intermittently users and is concerned about casual 

users. Beside novice and expert users, casual user doesn’t use the system the as 

frequently as the experts but have learned and used system compared to novice users. 

The attribute is concerned with the memorability of the system, the system should be 

easy to remember so users is able to return to the system after some period of not having 

used it, without having to learn everything all over again. This is also typically seen in 

utility programs that are only used under exceptional circumstances, for supplementary 

applications that do not form part of a user’s primary work (Nielsen 1993). 

Errors attribute is the error rate of the system and an error can be defined as any action 

that does not accomplish the desired goal. Not only should the system have a low error 

rate, users should also make as few errors as possible during the use of the system. In 

cases users make errors, the users should be able to easily recover from them, therefore 

catastrophic errors must not occur. Catastrophic errors are in nature more severe 

because they are either not discovered by the user, leading to faulty work or product or 

they destroy the user’s work, making it difficult to recover from (Nielsen 1993). In the 

case of the prototypes developed, such errors could lead to faulty growth evaluation by 

the health workers when giving children nutrition assessments. 

Satisfaction is the last attribute of usability and refers to how pleasant it is for the users 

to use the system. This attribute is subjectively and comes from the user’s perspective 
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whenever they are satisfied, or they like it when they use the system. The subjective 

satisfaction attribute is especially important for systems that are used a discretionary 

basis in a nonwork environment. 

1.4 Thesis structure  

1.4.1 Chapter 2: Research methodology 

This chapter describes the research method used in this study. 

1.4.2 Chapter 3: Management of acute malnutrition 

This chapter presents background on undernutrition and its standards together with how 

the Ministry of Health in Malawi manage malnutrition in children under-age of five.  

1.4.3 Chapter 4: Software platform and design 

Introduction to what DHIS2 is together with design of the implementation. 

1.4.4 Chapter 5: Findings 

Presents the findings from the field trips in a form of iterations changes to the 

implementation and feedback from the health workers, including challenges health 

workers face with the current paper system. 

1.4.5 Chapter 6: Discussion 

Discusses the findings in the context of the research question in this thesis. 

1.4.6 Chapter 7: Conclusion  

Summaries the findings and answering the research question. 
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2 Research methodology 

 

This chapter provides an overview of the research methods and the epistemological 

stance chosen for the thesis. As well describing the research approach. 

2.1 Epistemology 

Research is always based on some philosophical assumptions and the underlying 

epistemology of which guides the research and choosing of methods that are 

appropriate. The epistemology of research can be divided into three categories: 

positivist, interpretive and critical (Baroudi 1991). Critical approach aims to critique the 

status quo. The positivist approach is concerned with the research being conducted in a 

natural science manner. That experiments can be replicated by others to confirm or 

falsify the hypothesis of that research, as it focuses on predicting phenomena derived 

from empirical evidence. While the interpretivist approach is to gain insight and 

understanding since the truth are social constructs depending on individuals view of the 

world. One way to perceive it, is that positivism understanding of the world is objective 

and interpretivism is subjective.  

The IS research framework introduces the interventionary approach which is motivated 

by the desire to make improvement to a practical matter such as solving a problem or 

changing an organization (Braa 1999). The framework represents the intended research 

outcomes of change, prediction and understanding respectively to interventionary, 

positivist and interpretive approaches. 

Based on the context and the research problem, the approach of this thesis will be of 

interventionary approach with the action research method. Regardless of research 

method, different mixes and emphasis of all three dynamics of the approaches will still 

be co-present (Braa 1999).  That the use of information and learning may not be entirely 

taken out of the context from where the knowledge was gathered and applied 

universally elsewhere. Context such as social, cultural and other conditions that effect 

series of events and outcomes of which a researcher has no control over. Thus, I 
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acknowledge and emphasis that my observations and interactions with the problem and 

people are subject to interpretations of interpretivism. Including information presented 

to me or through interviews. Hence these interpretations and meanings of reality may 

form, transferred and negotiated over time as circumstances change rather than 

universal facts (Baroudi 1991).  

2.2 Action research 

Action research is a collaborative process between participants and researchers of which 

taking action serves the interest of both sides, such as improvement in an organizational 

context and contributing to science for the latter. The term action research has after its 

introduction by Kurt Lewin received multiple definitions, Kurt Lewin and his peers 

themselves classified action research into four different types. To differentiate and 

empathize on processes involved in each type rather than a focus on the outcome of the 

research (Adelman 2006). As action research is often used to either solve a practical 

problem or conduct a transformative change on an organization or community. This 

thesis will use Rapoport’s definition of action research: “Action research aims to 

contribute both to the practical concerns of people in an immediate problematic 

situation and to the goals of social science by joint collaboration within a mutually 

acceptable ethical framework” (Rapoport 1970).  

2.2.1 Model of action research 

The process of conducting action research for this thesis will be the five-stage cyclical 

process model by Susman and Evered. Consisting of the stages: Diagnosing, action 

planning, action taking, evaluation and specifying learning (Evered 1978). Figure 2-1 

shows the cycle with client-system infrastructure in the middle as the established 

research environment. For this thesis, we were able to complete two cycles. 
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Figure 2-1: Action research cycle (Susman, 1983) 

Diagnosing is the identification of the primary problems that are underlying causes of 

the organization’s desire for change and is used to develop theoretical assumptions 

about the nature of the organization and its problem domain (Baskerville 1996). For the 

second cycle, diagnosed problems were based on the first cycle. 

Action planning specifies organizational actions that should relieve or improve these 

primary problems and is guided by the theoretical framework. Which indicates desired 

state for the organization and the changes what would achieve such state. The plan 

establishes the target for change and the approach to change (Baskerville 1996). During 

this stage, it was the planning of features or changes that would be added or removed 

from the application. 

Action taking implements the planned action in which the researcher and participants 

collaborate and conduct the intervention, causing certain changes to be made 

(Baskerville 1996). This stage is where the changes or features from the action planning 

were implemented or removed, including letting the users test the application. 

Evaluating is then undertaken to determine the result of the outcomes, whether the 

theoretical effects of the action were realized and if these relieved the problems. If the 

change is successful, the evaluation must critically question whether the action 

undertaken was the sole cause of success. And where change is unsuccessful, some 

framework for the next iteration of action research cycle should be established 
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(Baskerville 1996). This was done mostly through qualitative methods and health 

workers of which the feedback determined if the implemented feature or change was a 

success or not. 

Specifying learning is the last stage of the cyclical either the action was a success or not 

and provides valuable knowledge for the diagnosing stage in the next cycle or future 

research. While formally the last stage, it is usually an ongoing process (Baskerville 

1996). The knowledge can provide additional information and preparation to the next 

stage within the cycle or just new knowledge gained for the organization during the 

research.  

2.2.2 The participants 

The clinics provide a range of service from immunization of children to maternal care, 

but not all the health personnel did every task. The clinics had a one clinician and a 

nurse or two each, with the rest being Health surveillance assistances (HSA) or 

volunteers. Community health workers in Malawi is referred to as HSA. For our 

domain, child growth monitoring we asked for personnel who had experience, but most 

importantly they were providing the service at the time being. With the goal being able 

to observe and experience the practices in context. All our participants were HSA’s 

from Bimbi and Magomergo clinic. 

At Bimbi, we had five participants with no software tool experience. One of them had 

an older generation touch screen phone, so he was used to the concept with touch 

screens. Three of them where more senior meaning they have been there for several 

years, meanwhile the other two has just been there for a year or two.  

At Magomero, we had seven participants with two of them having previous experience 

with the Comcare application for collecting data. All of them have worked there for 

several years and three of them had touch screen phones. 

The number of participants at each clinic depended on who were available. The HSA’s 

worked in teams meaning the participants we had at each clinic were a team. Our visits 

were during the day when they were providing their services, so we often had one or 

two people while the others worked. They would then rotate after some time if possible, 

but there were days they were too busy to accompany us. We would then wait until the 
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end of their day, breaks or off-peak hours. We also had interactions and interviews with 

other health personnel even though they aren’t classified as participants. It was very 

common that our presence attracted people from around the clinic, including other 

HSA’s. Since we were usually outside under a tree with benches as no room where 

available, other HSA’s and volunteers would often just approach us or join in existing 

sessions or interviews. They did in fact provide us valuable information on usability 

aspects and public health in the area. Clinicians and nurses have a role in the growth 

monitoring service but since they were unavailable due to other services, we never got 

to speak to them. We also had interviews with mothers coming for the visit with their 

child. 

2.3 Prototyping 

Prototyping is common approach used to test early designs or releases of a product and 

therefore useful in the process of evaluating a concept or product. Since requirements 

are not always clear or fully developed at early or during development, by prototyping it 

can discover new requirements or discards ones that does not provide value. It allows 

partial implementation of a system build expressly to learn more about a problem or 

solution to a problem (Davis 1992). In software prototyping, it is usually divided into 

two types, throwaway and evolutionary. Differences between the two is the 

understanding of requirements, development approach, ability to modify and goal. 

Characteristics Throwaway prototyping Evolutionary 

prototyping  

Development approach Quick and dirty; sloppy Rigorous; not sloppy 

What is built Poorly understood parts Well understood parts 

first 

Design drivers Development time Ability to modify easily 

Goal Verify poorly understood 

requirements and then 

throwaway 

Uncover unknown 

requirements and then 

evolve 

Table 2.1: Comparison of prototypes 
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The type used in this thesis was evolutionary prototyping. The prototype was developed 

and build into the android capture app, this allowed us to follow the existing code 

structure and architecture that was already in place. It made it easier for us to do 

changes and use existing layout of the application. A strong point of this type of 

prototyping is that the application is evolving. As evolutionary acknowledges that not 

all requirements are discovered early, the system is redesigned, recoded and retested 

indefinitely with new learned requirements being incorporated into the system (Davis 

1992).  

Throughout the thesis, two prototypes were built. The first one was built in Oslo after 

the first field trip. By having a field trip and involving participants at the start, we were 

able to determine confirmed requirements and work from there supplemented by WHO 

standards. The second was built during our second field trip and is based on the first 

prototype. In regard of Nielsen system acceptability model, prototyping provided us the 

benefit of direct feedback on usability and use in context. By having feedback on a 

functional but incomplete application it helped us confirming or discarding features. 

2.4 Research approach 

The first AR cycle started in August 2019 with a two-week field to Zomba in Malawi 

where we stayed at the Chancellor College. From there we met up with our co-

supervisors Chipo Kanjo and Tiwonge Mandal, they were our contact persons and 

responsible for organizing meetings with the HSA’s. During the trip we visited two 

health clinics, Bimbi and Magomero, where we collected most of our data. We were 

introduced to the HSA’s working at each clinic, this allowed us to present our agenda 

and ask who wanted to take part of our research. We learned about problems and 

challenges of the tasks they were doing. Since this is the first stage of the action 

research cycle, the trip provided us valuable information in order to diagnose problems. 

It gave us a better understanding of the domain, routines and practices of the HSA’s 

regarding growth monitoring. During our stay we discussed with the participants, 

HSA’s that wanted to take part on the research, on challenges, features they would want 

and their view on a digital tool. A prototype was started after we got back from our trip 

based on what we have gathered. As well spending time gaining more in-depth 
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knowledge about growth monitoring from the Malawian community-based management 

of acute malnutrition guidelines and WHO standards. 

We did our second trip to Zomba at the end of the third week in November 2019. 

Contrary to the first trip, the duration of this visit lasted four weeks instead. At this 

point, we had a prototype ready and it was presented to the participants as part of the 

action taking stage. There were demonstrations and the participants got to try out the 

application. The evaluation and feedback from participants gave us directions on how to 

continue the next cycle. The end of the first week there marked the completion of our 

first cycle. We spent the remaining three weeks on completing the second cycle AR 

cycle. For the second cycle, we addressed problems we encountered during the first 

cycle. We also conducted a small use case of the application to measure the usability of 

the application. Most of our data collection methods were otherwise qualitative such as 

participant observation and interviews. 

2.5 Reflection on approach 

The epistemology section earlier in this chapter lay foundation of the interventionary 

approach and action research as method. Action research itself is often criticized for its 

lack of rigor. By adapting Susman and Evered AR cyclical model we were able to 

negate some of this effect as this allowed us to have a systematic approach to the 

research. Prototyping were integrated into the AR cycle and each action taking stage 

provided a prototype which served as a base for evaluation and specifying learning. The 

AR cyclical model was a good combination with the evolving characteristics of 

evolutionary prototype since knowledge from each AR cycle were taken to the next 

cycle to improve the previous prototype. 

The participants used in this thesis were based on availability and location, this resulted 

in all of them being HSA’s. A more ideal circumstance would be to have participants 

with different background in the domain. Such as clinicians, nurses, health experts or 

people working at district level. As they probably have broader or different knowledge 

which could reduce time spent on some area or input to other aspect of the domain we 

perhaps didn’t get to know.  
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2.6 Data collection 

2.6.1 Participant Observation 

Participant observation is a data collection method of which the researcher takes part in 

the activities of the studied subject through observation of the processes or events in 

their natural contexts. The purpose is to gain knowledge and understanding of the topic 

through individual experiences and their practices. But the observer does not necessary 

only observe and can therefore engage in appropriate activities in the social situation. 

Spradley classifies participant observation into five different types of participation 

depending on degree of involvement (Spradley 1980). With the types above passive is 

where the researcher engage in activities in varies degrees.  

 

Table 2.2: Types of participant observation 

The type used for this thesis was the passive participation, Spradley defines this type as 

being present at the scene of action but does not participate or interact with other people 

to any great extent (Spradley 1980). Our role in the social situation was mostly as 

spectators and interactions were usually questions for demonstrations or further 

explanations. While higher levels of involvement may in some cases yield better 

understandings in cultural behaviors and reasonings behind them, it was deemed not 

appropriate for this domain.  

Our knowledge about the domain was very limited during the first trip to Malawi. Data 

such as work conditions, environment, processes, tasks, tools used, areas of 

responsibility for health workers and more were gathered through field notes and 
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pictures. The initial data gathered through observations allowed us to formulate better 

and more meaningful interviews with the participants about the domain. In return, 

further observations were emphasized on relevant areas supported by the interviews. 

Not only does this decrease the possibility of useless information being gathered. 

Information and actions described in interviews can be compared to what is observed. 

Thus, discover distortions or inaccuracies in practice contrary to what being described 

by the participants. By combining interviews and participant observation like this, it 

helped us better understand the context and domain. Observation also allowed us to 

gather information we otherwise would not get from interviewing participants, either 

they were unwilling, unable or the information were simply left out.  

One of the challenges we had with participant observation was the ability to consistently 

take field notes at real time. Often several actions were going on simultaneously, 

meaning some details could be missed or notes had to be made at some later point from 

memory. The amount of people being present also affected our focus as the numbers at 

some visits could exceed 30+ caregivers with their cilhdren, as lot of noises and 

activities in the environment put a strain on our ability to observe. Another aspect to 

consider is that the HSA’s are not used to be watched by outsiders and can therefore act 

unnatural or inaccurate relative to their natural context.   

2.6.2 Interviews 

Interviewing is another common and prominent data collection method used in 

qualitative research, since it’s a good way to access people perceptions, meanings and 

definitions by simply asking questions (Punch 2009). An interview has various 

dimensions such as structure and depth and can thus be divided into types. It can be 

categorized into structured, semi-structured and unstructured interviewing and applied 

to both individuals and group interviews (Andrea Fontana 1994). In structured 

interviews the questions are preestablished and the response is often categorized into 

pre-set categories, since there is generally limited room for variation in the responses 

unless open-ended questions are used.  

The interview types used for this thesis were unstructured and semi-structured 

interviews. We used predetermined questions and could come with up follow-up 

questions to the responses. Including new questions by accessing the current setting and 
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new discoveries on field. Both closed and open-ended questions were used as this 

allowed us to gain wide and in-depth interviews. Since the participants could more 

easily elaborate their answers and speak their mind. This was incredible useful in 

certain areas, such as during testing the application and questions about practices. This 

approach was preferred mainly since it provided flexibility and we had limited 

knowledge about the domain. 

We did both one-to-one and group interviews, with many of the one-to-one being in an 

open place with other participants present. The clinics usually didn’t have rooms 

available for us, so we were often placed at the waiting area with the patients, a big 

open hall with rows of benches or outside under a tree. It sometimes led other 

participants to join us and listen, in some cases it expanded to group interviews as they 

intervened.  While it created a comfortable setting for the participants and we got more 

insight, we couldn’t control the number of people participating. It was often difficult to 

keep up with what being said and take field notes if there were too many participants 

since we had to get it translated. We didn’t do audio recordings since we were most of 

the time in a lousy setting.  

2.6.3 Documents and records 

Documents like manuals and guidelines were an efficient and inexpensive way for us to 

gain information. At the same time, it sometimes provided grounds for what was being 

said in interviews by participants. Such as, reciting the formal steps from manuals on 

how they do things, compared to what they actual did in practice. We were also granted 

access to patient records, this immensely helped us study factors and relations on how 

HSA’s take decisions based on what is presented to them. 
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3 Management of acute 

malnutrition 

 

In order to introduce a new artefact to an existing system it is important to understand 

how and why such system is established as it is in the first place. This chapter provide 

an overview of the guidelines, and observations on how the clinics manage and 

monitors cases of malnutrition. It will start by describing the growth standards and the 

adapted guidelines of the system that are in use. 

3.1 WHO Child growth standards 

The Malawian community-based management of acute malnutrition is aligned with 

WHO’s recommendations and standard. Thus, the MOH and health workers follow and 

uses the child growth standards and indicators set by the WHO. These standards were 

the results of a study called Multicentre Growth Reference Study which took place 

between 1997 to 2003 by the WHO. The reason was that the previous NCHS/WHO 

growth reference for international use from the 1970s did not adequately constitute for 

early childhood growth, so new growth curves were needed for accessing growth and 

development of children all over the world. The study collected growth and related data 

of 8440 infants and young children of ages between birth and 71 months old from 

different ethnic and cultural background such as Norway, Brazil, India and USA. They 

also purposely selected healthy children living in conditions that is likely to reach their 

full genetic growth potential. The growth standards are therefore a powerful tool that 

represents the best description of physiological growth of children under five years of 

age. It depicts normal growth under optimal conditions regardless of ethnicity, 

socioeconomic status, type of feeding, making it applicable for use internationally 

(WHO 2006). 
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3.1.1 Z-scores 

Z-score also called standard scores is a number that exhibit the standard deviations by 

which the value of the data is below or above the mean value of the referenced 

population. With the value above the mean having positive z-scores while those below 

have negative z-scores. WHO generally relied the LMS model, making the formulae on 

computation of percentiles and z-scores for the indicators based on the LMS method.  

The LMS method provides a way of normalizing growth centile standards by power 

transformation.  However, weight-based indicators showed right-skewed distributions, 

making distances between positive z-score steadily increase the farther away it is from 

the median, while distances between negative z-scores steadily decrease. The LMS 

method fits skewed data by using Box-Cox normal distribution, which follows the 

collected data closely. This is done by calculating for each of a series of age groups and 

the trend summarized by a smooth (L) curve. Trends in mean (M) and coefficient of 

variation (S) are similarly smoothed (Cole 1990). The drawback of this is that outer tails 

of the distribution are heavily affected by extreme data points, even if there are only a 

few. As a result, a restriction was imposed on all indicators limiting derivation of 

percentiles to only within intervals corresponding z-scores values between -3 and 3. 

This restriction is to avoid making assumptions about distribution data that is beyond 

the limit of the observed values (WHO 2006). 

3.1.2 Growth indicators 

Malnutrition can be identified in different forms such as underweight, stunting and 

wasting. A publication by WHO defines them through their indicators as (WHO 2010): 

• Underweight: weight-for-age < -2 z-score  

• Stunting: length/height-for-age < -2 z-score 

• Wasting: weight-for-length/height < -2 z-score 

The Malawian MOH through anthropometry uses the growth indicators and standards 

by the WHO for assessment and identification of malnutrition. This thesis will only 

mention those used by the MOH in Malawi. The MOH also uses one additional 

indicator apart from those listed above. Following is a list of each indicators, and each 

listing will have a description of measurement values and usage. It should be noted that 
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each growth indicator standard takes gender into consideration as the degrees of 

freedom for the median and variance curves varied between the genders (WHO 2006). 

• Length/Height-for-age 

• Weight-for-age 

• Weight-for-length/height 

• Arm-circumference-for-age 

Length/height-for-age 

LFA is an indicator that reflects attained growth in length or height of children at a 

given health clinic visit, compared to the last visit. The indicator helps identifying 

children who are stunted due to prolonged undernutrition or repeated illness. It also 

identifies children too tall for their age but that is rarely a problem unless it is excessive 

or reflect uncommon disorders since it is not indicative of poor health (WHO 2008).  

Weight-for-age 

The WFA indicator reflects body weight relative to the child’s age on a given day. The 

indicator is used to asses if the child is underweight or severely underweight, but not 

used to classify if a child is obese or overweight. The indicator is not bulletproof as a 

child may still be underweight due to being short length/height since the indicator 

doesn’t take height/length into consideration (WHO 2008). 

Weight-for-length/height 

WFL also WFH indicator reflects the body weight in proportion to attained in length or 

height. This indicator is especially useful in circumstances where the age of the child is 

unknown. It is also used to detect wasting, which is acute or severe weight loss, usually 

caused by a recent illness or food shortage (WHO 2008). 

Arm-circumference-for-age 

The ACFA indicator reflects the mid-upper arm circumference (MUAC) for age of a 

child. It is used to identify wasting and often as an alternative to WFL as sometimes it 

can be difficult to collect weight and height measurements. MUAC can be used as 

criteria for identifying wasting independently from WFL (Health 2016). 
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3.1.3 Oedema 

Also known as swelling or fluid retention, it occurs when too much water gathers and 

remains in the tissues of the body: Oedema usually start in the feet and can gradually 

spread to the whole body and is a sign of severe acute malnutrition. Children with 

oedema shall by WHO recommendations be admitted to inpatient or outpatient 

depending on severity. Oedema is categorized by plus signs as mild (+), moderate (++) 

and severe (+++) (WHO). 

3.2 The Malawian CMAM 

The community-based management of acute malnutrition, short for CMAM is a method 

and model developed by Valid International to treat acute malnutrition in children using 

case-finding and triage approach. The model is community-based as it acts as primary 

health care in the communities where people live, thus allowing community health 

workers to identify and initiate treatment before children become seriously ill. This 

allows early rehabilitation of malnourished children, reducing the numbers of children 

getting to the state of acute malnutrition as the risk of death is much higher. Also, most 

malnourished children can recover at home given they have received treatment, 

nutritional and medical supplies. Rather than being placed in treatment centers with 

potential exposure to infections and diseases. This prevention focused approach is 

effective, has higher coverage, result and lower mortality compared to the traditional 

approach where severely malnourished would be placed in treatment centers. The model 

has been endorsed by WHO and been implemented in many countries in varies degrees 

and adaptions (Vision 2012). 

The MOH in Malawi adopted the CMAM in 2006 with the first edition of the guidelines 

being introduced in 2012, intended to standardize and improve the quality of CMAM 

services in rural areas. Malawi therefore integrated the four components of CMAM 

approach and called them: community outreach, Supplementary Feeding Program 

(SFP), Outpatient Therapeutic Program, and Nutrition Rehabilitation Unit (NRU) .The 

guidelines provide protocols and procedures for implementation of the model and thus 

facilitates for use in design and development of manuals and policies for CMAM 

services. The services and practices provided could therefore slightly vary in different 

regions depending on local management, staffing, resources and so on. Overall, the 
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guidelines goal is to address two underlying objectives for management of acute 

malnutrition (Health 2016) 

1. Preventing acute malnutrition through early identification, referral, follow up, and 

linkage of cases to health and nutrition interventions.  

2. Treating acute malnutrition to reduce associated morbidity and mortality. 

It should be noted that the CMAM guidelines provide a wide range of services and 

protocols in different areas. Regarding the thesis, I will only describe what is relevant 

including leaving out NRU as it is out of scope.  

3.2.1 Community outreach 

The community outreach component is the first CMAM component with the intention 

of early detection of acute malnutrition. In order to facilitate CMAM services, the 

workers empower the community and strengthening the capacity to manage acute 

malnutrition by building relationship and foster active participation of the community. 

This includes focus on community sensitization, mobilization, active case finding, 

referral, follow-up and counselling. In regard of child growth monitoring, it consists of 

both passive and active screening in the community. With passive being monthly 

scheduled routine visit to the health center, and the latter actively seeking out to 

children that does not attend to the monthly visit, is at risk of malnutrition or just 

opportunistically screening at any time. 

The health centers have additional monthly screening at dedicated locations called 

“outreach clinics” due to long distances and poor accessibility to the health centers for 

some families. The reason is that health centers are in rural parts of Malawi where 

families live in small villages or otherwise sparsely distanced from each other, and the 

only means of transportation is walking. Outreach clinics makes it more accessible for 

families in the outer borders within Magomero’s domain. A map of the Magomero 

health center with the surrounding outreach clinics is shown in Figure 3-1, 
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Figure 3-1: Map of Magomero 

These outreach clinics can be abandoned buildings or simply located under a big tree by 

the road. Mothers with children are assigned to the outreach clinic closest to their 

village and those that lives close to Magomero goes to the health clinic instead. All 

clinics have scheduled visit once a month for screening, but the date of each visit is 

unique and never overlap as it is usually one team that does the work. Anthropometric 

measurements like weight, height, MUAC are recorded at the screening, oedema is 

checked, health and nutrition education are also provided to mothers. The HSA’s 

provide the same service at the outreach clinics as it would do at the health clinic when 

it comes to growth and nutrition screening, including immunization. But those outreach 

clinics are subject to weather conditions since it can take place outside or inside 

damaged buildings which can make their task more difficult, considering they must 

bring with them the registers, supplies and equipment’s to the location. 

3.2.2 Supplementary feeding programme 

The SFP is the second component of the CMAM and is a component to support and 

treat children with moderate acute malnutrition (MAM). Children with moderate acute 

malnutrition either through active and passive screening in the community or recovering 

from severe acute malnutrition (SAM) are referred into this program. As the goal is to 

both preventing SAM from occurring as well as relapses from recovering children. In 
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additional to the tasks and services the HSA’s provides in community outreach, they 

manage and distribute take-home rations that are given to the mother. The rations are to 

supplement energy and nutrients that may be insufficient or not available at the family’s 

home. All children enrolled to this program is scheduled to visit the health clinic every 

two week on the same date for follow-up and resupply of rations until they are 

recovered and discharged from the program  A clinician or nurse is present at SFP to 

conduct medical assessment and care, and overall supervises the program. Figure 3-2 is 

the admission criteria for SFP, a child’s MUAC and WFH with measures above the 

ranges are considered normal and below SAM. 

 

Figure 3-2: SFP admission criteria 

3.2.3 Outpatient Therapeutic Programme 

The third component of CMAM is OTP, this program provides home-based treatment 

and rehabilitation for children with SAM that does have an appetite and has no medical 

complications. OTP is in a sense an extension of SFP with the situation being more dire 

thus more care is needed. Instead of food rations, they are given Ready-to-use 

therapeutic food (RUTF), which is an energy dense micronutrient enhanced paste. The 

HSA’s perform an appetite test at every visit to see if the child will or is able to eat 

before they are given RUTF. In OTP, the child is required to attend to the health clinic 

weekly for assessment and resupply of RUTF. The amount of RUTF given depends on 

the weight of the child with instructions on how much the child should consume daily. 
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3.3 Paper system 

The health workers utilize a variety of difference type of paper forms and registers in 

their daily work. Some are directly used when providing assessment and care for 

patients while others are for tracking and aggregated reports to the districts. Some data 

can be entered directly into the forms, but indicators used in child growth monitoring 

requires a lookup in tables and documents. This section will describe the used forms and 

register,  

3.3.1 Registers 

Registers are primary records of the patients and is stored at the health center. Each 

CMAM component has its own register that contains patient information that is relevant 

for that CMAM component. The children register used in community outreach contains 

general information about a child and is used to track weight, height, WFA and LFA. 

WFL itself is rarely measured in community outreach unless the child shows signs of 

malnutrition through other growth indicators, MUAC is also not recorded but often 

measured. The register includes a section about immunization thus making each patients 

information span over five pages. The reason is because one patient takes one row, and 

each column is a specific data element to be filled out for that patient. Meaning once a 

page is full, you must flip through five pages for a new entry. Figure 3-3 is how the 

register looks like, growth entries stops at month 12 with remaining the months 

continuing in the next page. Each clinic, including outreach clinics has their own 

register.  
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Figure 3-3: Children register 

For registers in SFP and OTP, the patient’s information takes only one page as it only 

contains MUAC, weight, height, WFH and some additional information. The data 

entered is admission details and again when the child is discharged from the program. 

They don’t contain data entries for progression because dedicated forms are used to 

track the progress. 

3.3.2 Monitoring card 

For children admitted to SFP or OTP, special forms are used to track the progress. They 

come in two variants, one small card and a complete form, both are used simultaneously 

by the HSA’s. After each visit, the card is updated and given to the caregivers for 

safekeeping until the next scheduled visit. When a child is discharge from the program, 

the card is returned to the health center. This way, the caregivers keeps some records for 

the duration the child is in a program. The HSA’s occasionally conducts door to door 

service or when it is necessary, and the card makes it possible for the HSA’s to keep up 

with the treatment as the complete form and register is only kept at the health centers or 

clinics. This includs when patients go to other centers or clinics, a similar approach can 

be seen with the health passport. The card only keeps records of anthropometry 

compared to the form which is more complete including medical history, physical 

examination, vaccines and medications entries.  Figure 3-4 is of an OTP form, the front 

page is admission details and backside for history progressing. 
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Figure 3-4: OTP Monitoring card 

3.3.3 Health passport  

All new mother in Malawi who have delivered a child is given a handbook for their 

child. This handbook for the infant is called health passport and is used to keep records 

of the infant such as vaccinations, growth progress and medical care received. Thus, the 

passport plays a role in early detection of malnutrition and follow-up on progress of 

treatments. Caregivers are responsible for the passport and must bring it with them to 

every visit to the health centers as the passport is usually the first thing the health 

workers will look at. It also contains spaces for entering the date and treatment of each 

visit to the health center and the ability to write treatment notes which is not possible in 

the children register. A section of the handbook are illustrations and directions on how 

to best take care of the infant, such as feeding practices, nutrition groups, and early 

signs of diseases. This is especially useful for first time mothers with no experience.  
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Figure 3-5: Health passport charts 

The passport comes in two variants, a blue and pink one with the difference being the 

visual graph as shown in Figure 3-5. The blue one intended for boys, and pink for girls 

since the standard varies between the sexes. The respectively measures are plotted 

directly into the graph as a dot, a line is then drawn between the dots making it easy to 

follow the child’s development.  

3.3.4 Monthly reporting 

The health workers had to submit two monthly reports, one for SFP and one for the 

OTP program. Two forms for each program is filled out, of which the health centers 

keep one and the other sent to the district office. The reporting forms contained 

aggregated cases of each malnutrition program with both admission details and 

discharges. They were usually filled out by more experienced HSA’s to prevent errors, 

in addition the forms also had to be checked by the supervisor of the health center. This 

was done at the end of each month and had reported to the district office within the first 

week of the following month.  
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4 Software platform and design 

 

4.1 DHIS2 

DHIS2 is a free open source web-based software platform developed by Health 

information Systems Programme (HISP) research group at the University of Oslo 

(UIO).. The platform is a fully-fledged system for data management by providing 

different modules and features for data collection, management and analysis. It allows 

users to create and manage routine data through a flexible meta-data model which can 

be configured and customized to support almost any type of data. The platform provides 

a range of bundled apps and a set of core apps that are developed by the DHIS2 

community or the DHIS2 team that offer customizability to different contexts through 

the flexible data structure. Since the model is designed with high use flexibility it allows 

for easy customization or add-ons implementations on bundled apps. Developers can 

also access and manipulate the data with the same integrated web API that is used by 

the bundled apps, providing the support for creation of new applications. Users can 

therefore create standalone applications or customize the core apps to fit their needed 

purpose. 

4.2 Capture Android App  

Three web apps are commonly used to enter data into the DHIS2, Event Capture, 

Tracker Capture and Data Entry app. The Event Capture was used to capture data for 

only a single event without registration, and an event could be anything from a 

scheduled visit to facility survey. The Tracker App is an advanced version of the Event 

Capture with registrations and by having the ability to deal with multiple events, 

including single events. Registrations imply that the events are connected to a registered 

entity, by doing so the app can capture and track event data for an entity. The Data 

Entry is used to enter aggregated data, usually a dataset that corresponds to a paper-

based data collection tool. The Capture Android App is the mobile version of the 

Capture App and is meant to be a simplified version of the web app to support users on 
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the field. The Capture app served first as a replacement for the Event Capture app with 

the intention to later incorporate Tracker Capture app and Data Entry app into the 

Capture App. By combining all three apps into one app it allows the user to register 

events for entities and get aggregated data, in contrast to routine data that had to be 

captured at predefined intervals. 

4.2.1 Data model 

The flexible meta-data model of DHIS2 can be used in many cases and scenarios with 

its range of data types sine the setup is descriptive. In the context of tracking events and 

entities, the Capture App uses the same data model as Tracker Capture. For simplicity, 

Figure 4-1 shows only the core components of the data model on how an entity is 

tracked. Other important but not necessary components that is left out are related to 

organization unit, option set and legends. These are to associate which unit an entity or 

event belongs to, using predefined value set and let users use only data within a range.  

 

Figure 4-1: Partial data model of Capture App 

For this thesis, an entity would be a person as the tracked entity is a patient. However, 

entities are not only limited to persons and can be other things such as buildings or 

medications. The tracked entity instance is an instance created to track the entity but 

does not specify and contain any information about that entity, other classes is therefore 

needed. Tracked entity attribute are the description and representation of the data you 

would want to store such as name, gender etc. and the actual values is being stored in 

tracked entity attribute value. A similar approach is done with program and program 
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instance but instead having values, programs have program stages. To track a tracked 

entity instance, the instance must be enrolled into a program and a program would be 

the equivalent of the child growth monitoring program in community outreach, as SFP 

or OTP. The program stages define what data should be collected at each stage and the 

stages can be repeatable or just for a one-time use. The program stages itself would in 

our case be a visit for screening or door to door visit since and is repeatable and doesn’t 

require specific intervals. Each unique program stage can however define what data is 

collected thus containing a set of program stage data elements. This is the data that 

would be collected, which the user must fill out in the form such as height and weight. 

These data are already defined as data elements, but data element nevertheless is also 

just the representation of the data thus the actual data is stored in tracked entity data 

value.  

 

Figure 4-2: Data model of Capture App reduced 

For the purpose of a better overview I have grouped the classes into components that 

represents how patients is tracked and data being collected.    
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4.3 Design of the prototype 

The implementation consisted primary of adding a new fragment to the tracked entity 

overview dashboard, in a sense meaning a new screen.  We were to use the already 

existing data model of DHIS2 and web API to interact and manipulate data as needed. 

We decided to make it as simple as possible by limiting data displayed and let the chart 

be the primary source of information. In a sense how it would look like on the health 

passport. 

 

Figure 4-3: Z-score chart 

In the early phase of implementation, a line was added and was set to the day of current 

date in relative to birth of the child on the chart. This was meant to show and indicated 

how much time has passed since the last entry and how old the child is. It was though it 

would be better to isolate that from the data entry point since the health workers didn’t 

care about previous dates, and if that was needed it could be looked up on the event 
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entry. This line was found to be rather not that useful after all, after initial thought but 

the line remained in the code. 

 

Figure 4-4: Multiple chart and date overhead 

An overhead was created instead and showed the date and days from last entry with the 

chart below. Contrary to the health passport where an entry is for a month, and while 

monthly screening was a specific date, door to door could be done at any time. It was 

thought the two information would give the health workers context of when the last visit 

was, especially for door to door usage. In cases where a monthly screening is at the end 

of the month so a door to door visit early in the following month would know that a 

whole month hasn’t passed yet. Three buttons were created and displayed each of the 

growth indicator charts.  
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4.4 Z-score calculations 

The z-scores and growth curves are constructed by the LMS method and WHO supplies 

the covariate values for computation for each growth indicator. For all the of indicators, 

the tabulated fitted values of Box-Cox power, median and coefficient of variation 

corresponding to age, length/height t are denoted by L(t), M(t) and S(t) respectively 

(WHO 2006). 

The following procedure is used to calculate the z-score for an individual child with 

measurement y at age or length/length t (WHO 2006): 

1. Calculate individual z-score:  

𝑍𝑖𝑛𝑑 =
[
𝑦
𝑀(𝑡)⁄ ]

𝐿(𝑡)

− 1

𝑆(𝑡)𝐿(𝑇)
 

2. Compute the final score  𝑧𝑖𝑛𝑑
∗  of the child by following: 

𝑧𝑖𝑛𝑑
∗ =

{
 
 

 
 

𝑍𝑖𝑛𝑑 𝑖𝑓 |𝑍𝑖𝑛𝑑| ≤ 3

3 + (
𝑦 − 𝑆𝐷3𝑝𝑜𝑠

𝑆𝐷23𝑝𝑜𝑠
) 𝑖𝑓 𝑍𝑖𝑛𝑑  > 3

−3 + (
𝑦 − 𝑆𝐷3𝑛𝑒𝑔

𝑆𝐷23𝑛𝑒𝑔
) 𝑖𝑓 𝑍𝑖𝑛𝑑 < −3

 

Where SD3pos is the cut-off 3 SD calculated at t by the LMS method: 

𝑆𝐷3𝑝𝑜𝑠 = 𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (3)]
1
𝐿(𝑡)⁄

 

And SD3neg is the cut-off -3 SD calculated at t by the LMS method: 

𝑆𝐷3𝑛𝑒𝑔 = 𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (−3)]
1
𝐿(𝑡)⁄

 

SD32pos is the difference between the cut-offs 3 SD and 2 SD calculated at t by the 

LMS method: 

𝑆𝐷23𝑝𝑜𝑠 = 𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (3)]
1
𝐿(𝑡)⁄ −𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (2)]

1
𝐿(𝑡)⁄

 

And SD23neg is the difference between the cut-offs -2 SD and -3 SD calculated at t by 

the LMS method: 
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𝑆𝐷23𝑛𝑒𝑔 = 𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (−2)]
1
𝐿(𝑡)⁄ −𝑀(𝑡)[1 + 𝐿(𝑡) ∗ 𝑆(𝑡) ∗ (−3)]

1
𝐿(𝑡)⁄

 

 

4.5 Tools 

Git 

Git is a version distributed version control system used to track file changes in a 

software development project (Wikipedia 2020b). This was used for concurrent 

development with fellow student and to pull and merge with the beta version that was in 

development by the DHIS2 team. 

Java 

Java is a programming language that support cross-platform computing environments 

through its virtual machine and is widely used for embedded devices and mobile phones 

(Wikipedia 2020c). Is was possible to code in Kotlin, another programming language 

and the Capture app codebase had segments with codes written in Kotlin. This was a 

however very little so Java was used instead. 

Android Studio 

Android studio is the official IDE for android development. Its android emulator makes 

it possible to deploy the app to a range of different android versions for testing usage 

and compatibility (Wikipedia 2020a) 

MPAndroidChart 

MPAndroidChart is a free chart library for android by Philipp Jahoda. This library was 

recommended by a developer from the DHIS2 in Spain thus we decided to use it.  

4.6 Challenges and limitations 

Setup and versioning issues 

The development team in Spain provided us with instructions on how to set up the 

project, however the instructions were often missed crucial steps to set up the project. 
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The reason was probably because the developers didn’t have to set up the project that 

often and forgot some part of the configurations. Many attempts had to be made before 

we were able to configure it right. Another problem that delayed development time was 

versioning control. The Capture app is depended on two other projects, SDK and 

ruleEngine. The developers were working on both the beta and SDK project 

concurrently since many core features on the app was provided by the SDK. Since the 

app was at beta stage, we had to occasionally merge our branch with the original beta 

project for bug fixes and features that weren’t implemented at the beginning. However, 

the two newest versions of the app and SDK would sometimes be incompatible with 

each other resulting in errors since the developers often push a new version for one but 

not the other. 

Documentation and code complexity  

The codebase of the project is huge, while we kept mostly to a segment of the code, we 

often had to do some changes in other parts due to their dependencies. We had to get 

familiar with other code parts and try to understand the data flow, which often didn’t 

have documentations. It was difficult to read the code due flexibility of the data model. 

Functions were often long and had complex predicates statements making it difficult to 

understand what the code did.  

Limited functionality on chart library 

The library was lightweight and easy to use, however it provided limited functionality 

to customize. One example is, there was no way to have a legend to display additional 

data beside line data that would be displayed at the bottom for the z-score ranges. We 

didn’t have time to implement a working legend, so data such as weight would instead 

be plain displayed when pressed on a data entry. The placement of the overhead would 

also make more sense inside the chart window as legend since the date and days 

corresponds to data entries. 
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5 Findings 

 

This chapter present the findings using prototyping together with interviews and 

observations. It contains current challenges with the paper system and feedback from 

the prototypes including changes that were done for each prototype. The first section is 

presented as the first diagnosis stage of the AR cycle of identifying problems and 

challenges. The section is followed by two sections representing the two AR cycle with 

a prototype in each. 

5.1 Current challenges and issues with paper 

system 

5.1.1 Registers 

The health workers found it tedious to look for a patient in the community outreach 

registers since records for a patient are scattered over several pages. In addition, each 

health center and clinic had their own register, making the storage and care of those a 

more burden on their already large stack of documents. Keeping the recorded always 

updated is also difficult since a child is registered to the clinic or center they are 

associated with, but caregivers can sometimes bring their child to other clinics or if the 

child is admitted to a malnutrition program. The records then had to be stored on health 

pass or forms first then later synchronized with the register in those cases. Moreover, 

the registers had a lot of missing data as seen in Figure 5-1, a common occurrence is 

that height, WFA and LFA are never recorded.  
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Figure 5-1: Incomplete data and register condition 

5.1.2 Health passport 

A large majority of the passport observed were in subpar or bad conditions such as front 

page missing or had water damage. While child growth data was more complete in the 

passport compared to registers, it was quite unstructured and sometimes unreadable. 

Measures such as MUAC were often written in notes section without any order or date, 

making it impossible to know when that was recorded. As with registers, height was 

never recorded but weight was often complete in the chart. The health workers must 

plot in by hand in the chart, this is however considered inaccurate given they plot while 

holding the passport with one hand and a pen on the other. Some mothers do lose their 

child’s health passport, resulting in data being lost. This was seen in some passports 

since they were often in better conditions and contained only recent records. 

5.1.3 Monthly reporting 

It took a lot of time for the HSA’s to go through and fill those SFP and OTP reporting 

forms since the aggregated data was to be separated into age groups or if it was referred 

from other programs. Another issue was that the office doesn’t collect the forms, so the 

health centers was responsible to deliver them. The health centers had no transport 

vehicles and the office was in Zomba city. Most health workers lived within walking 

distance or bicycle distance to the health centers, a few lived further away and used 



39 

 

shared transport services which stopped at the main road and they walked to the centers 

from there, none lived in Zomba or passed it. To deliver the reporting forms, the health 

workers had to use transport services which was a problem since they didn’t get 

compensation for the fares, meaning it was out of their own pocket. They didn’t travel 

to Zomba often and was only motivated to do so for private matters, as a result the 

reports were often delivered late. A common practice is to give the forms to 

acquaintances that already will be going to Zomba, this happened to us during the first 

week of December where our guide and translator was asked to do so.  

5.2 Prototype 1: Community outreach 

The initial two weeks field trip to Zomba, Malawi in August 2019 allowed us to get an 

understanding of how WHO recommendations were applied and how the established 

system works. The trips made were mainly to the outreach clinics were got to observe 

how the community outreach program’s monthly screening was conducted, how child 

growth data was recorded and used as well as the assessments that took place. The 

result of this was that for the first AR cycle, the aim was to develop a prototype that 

could be utilized at community outreach level. The cycle lasted from August 2019 and 

continued until the next field trip in November 2019. 

Work on the first prototype started after the field trip and took place in Oslo. One of the 

motivations for this project was that the system would be built into the DHIS2 Android 

Tracker app, thus contact with DHIS2 developing team in Spain was established for 

guidance and support. The DHIS2 team was during that time working on a beta version 

of the Android Capture app, which was going to be more user friendly, having more 

functionality and meant to replace the older Tracker app. One of the functionalities that 

attracted attention was the ability to be fully functional while offline, combined with 

intelligent sync and integrated search feature. It was therefore decided that the prototype 

would be built into the new Capture app and not Tracker app as intended. The 

repository of the Capture apps was forked and development on the first prototype 

began. Not all app features promised were present at the time, so the code was 

periodically merged to ensure continues stability and new changes. 
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5.2.1 Feature and changes 

Features that was implemented into the first prototype: 

Calculations and formulas. The dataset files for z-score were stored on the local 

storage of the prototype for both z-score calculations and rendering of the standard 

deviation ranges on the chart.  

Growth chart. All three WFA, LFA and WFL indicators had their own chart which 

could be switched between selecting the respectively indicator buttons over them. Each 

chart showed the full dataset as provided by WHO, for the case of WFA and LFA, this 

was up till 60 months of age. The charts had colors representing the range of each 

standard deviation. The exact z-score for each entry could be shown by tapping the data 

entry point which appeared over the data entry. For familiarity, it was intended that the 

charts would look identical as the charts in the health pass since the HSA’s are used to 

it. While the WFL chart didn’t exist in the health passport, it was added with the reason 

as if WFA and LFA showed signs of malnutrition, WFL would be needed anyway as 

the indicator was used as criteria to be admitted to SFP or OTP. Both weight and height 

measures for the indicator were already used in the two other indicators thus required no 

additional information. Due to lack of customization and limited functionality on the 

chart library that was used, it was not possible to include a legend for each standard 

score range at the same location as the passport. The library also only allowed a limited 

number of labels on the axis.  

5.2.2 Result and feedback 

The prototype was presented to the HSA’s during the first week of the second field trip. 

Demonstrations were given out and the HSA’s got to try it. Not all the assistants had 

experience with using smartphones or were proficient in using touch screens, so training 

were given in conjunction with how the prototype worked. This was clearly seen 

through their interaction with the device. As they would go back and forth between 

screen fragments or would just think and stare at the screen for a considerable amount 

of time before moving on. We decided for this iteration that that the focus would to let 

the health workers get familiar with use of the application and the devices. Even so, 

there were some issues with the application: 
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Adding new patient. After opening a specific program in the Capture app, a list of 

patients is shown to the user. In order to add a new patient, the application required the 

user to search for the patient the list, which has a search box at the top containing first 

and last name. Even after training, this was very confusing for most of them as the 

screen had a round magnifying-glass icon at the right bottom. This icon would turn to a 

plus icon for adding patient only after searching for the patient, many were therefore 

wondering how to add a patient as seen in Figure 5-2. 

 

Figure 5-2: Searching for patient 

View between two point. During demonstrations with the HSA’s where realistically 

data were added we quickly realized that the data points were too close to each other, 

making it difficult to see the actual line between two points. The reason was that the 

chart displayed the whole dataset from WHO. For example, two data entry points for 

WFA with a month in between would not only be very close to each other, if the child 

were only 6 months, a huge part on the right side of the chart would just be empty and 

served no purpose. This issue was problematic on smartphones compared to tablets due 

to their screen size. Previous tests under development were usually data entries with 
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relatively decent periods or intervals between them, thus this flaw wasn’t identified up 

until this point. Also, the Capture app had the feature to swipe between the pages, this 

overrode the navigation feature in the library, thus making any attempt to navigate left 

on the chart resulting in the chart page being switched to the notes page. Zooming was 

possible due to use of two fingers, they could zoom in anywhere on the chart but not 

navigate further. 

Wrong z-score. This was discovered by HSA’s at Magomero after one of them had 

entered data from an OTP form. While the position of the data point was correct, the z-

score value shown was wrong. This is because the cut-off formula for when z-score is 

over 3 or under -3 wasn’t included in the code by mistake. This and other bugs or flaws 

were corrected or adjusted in the next prototype. 

The WFL chart posed some flaws for certain data entries, but the HSA’s were most 

impressed by the ability to see the WFL z-score relative to the standard deviation 

ranges. 

“With this we don’t have to use the tables to calculate the z-score” 

The prototype was otherwise well received by the health workers due to the familiarity 

with the charts in the health passport. They liked the ability to tap on a data point and 

see the value and date of that visit, also data points and lines would also just show up on 

the screen after the entries were added. Some were aware of the storage capability 

offered through a platform like DHIS2 as they mentioned it: 

“Phone might get lost, but the data is not compared to health passport.” 

5.3 Prototype 2: Outpatient Therapeutic 

Programme 

The remaining three weeks of the second field trip that lasted until the middle of 

December 2019 were spent on the second AR iteration. The visits for this field trip were 

only at the health centers, contrary to the first one where we spent more considerable 

time at the outreach clinics. After the initial training it was common for the health 

workers to test with real data from SFP and OTP forms during training on prototype 1. 

It became clear that the usage of the prototype would have been much more impactful if 
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the prototype was utilized at SFP or OTP programs since the workers often emphasized 

how they then wouldn’t need to look up the WFL z-score on the tables. The reasoning 

was that on monthly screenings, WFL z-score was only needed as further assessment if 

weight or MUAC indicated case of malnutrition, compared to SFP and OTP which they 

had to check and record at every visit. They also often mentioned if it was possible to 

add data fields for those programs, since the workers would like the possibility of the 

application being used across all three programs. Therefore, the goal of second AR 

iteration was to adjust the first prototype to fit the purposes needed in OTP.  

Flaws and bugs in the first prototype where corrected in the upcoming week in 

conjunction with visits to health centers on days OTP screenings were happening. This 

was to see how they were conducted and the usage of the forms in terms of assessments. 

By the middle of the second week, enough changes were made to the prototype and it 

was ready to be tested again. 

Experience from the first iteration was that every HSA’s available wanted to participate 

in the demonstrations and trainings. This led to multiple people using the device as a 

group or one get it use it for a limited time. For this iteration, it was attempted to keep 

the focus and training on a few individuals, three from Magomero and one from Bimbi. 

They were asked to give a growth assessment based on the data presented to them using 

the device the same way they would do it using the OTP paper form. Instead of 

generating fake data that can be used for the experiment, real data from the records were 

used. Since the data was already available on the forms at the health centers and gave a 

real representation of a child’s actual growth. Height, weight, MUAC and oedema 

values from OTP forms were taken and written down on a paper, later being presented 

to the HSA’s. The intention was to give individuals more time, to see the usage of the 

device and give an assessment by themselves. 

 

5.3.1 Feature and changes 

Features and changes that was implemented into the second prototype: 

OTP data fields.  Additional data elements corresponding to the data fields from the 

OTP monitoring card were added into the program stage. We observed that the front site 
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of the monitoring cards was mostly empty with just a few fields like village, sex and age 

being filled out. For simplicity and more efficient use of time, only some fields from the 

backside of the form were added. The fields can be seen at Figure 5-3. 

 

Figure 5-3: Adding OTP fields 

Overhead data. With new data fields being added, we needed a way to show it back to 

the users at chart page since not all of them made sense when plotted in a chart, also 

there would be too many charts. Users could otherwise go the front page and look for 

each specific visit containing all the data fields. Four data fields were chosen to be 

displayed in the overhead of the chart page. Number of rations given out are determined 

by the weight of a child, HSA’s needs to look up at a table in order to get that number. 

The ration numbers and weight ranges from the table were taken and added into the  
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prototype and displayed accordingly depending on the weight. The data in the overhead 

also changes and corresponds to the visit and entry of the data point pressed in the chart. 

The change can be seen at Figure 5-4. 

 

Figure 5-4: Overhead change for OTP 

Dynamic viewport. Since the use of the prototype was being directed toward OTP 

which has weekly visits and the treatments rarely last more than two months. We 

decided to have the viewport dynamically change and centered around data entries 

rather than disable or bypassing the swiping feature in Capture app. Due to limited 

functionality on chart library, we couldn’t format the chart to show more accurate 

number of labels on the x-axis even though the viewport was changed as seen in Feil! F

ant ikke referansekilden.. 
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Figure 5-5: Dynamic viewport 

5.3.2 Result and feedback 

Changes were made to the prototype and it was reintroduced, the health workers were 

informed about specific changes that has been made. While everyone participated, the 

four HSA’s mentioned earlier got more time with the device and attention. The health 

workers were now more familiar with the application but were still not proficient in the 

usage, with the most common error still being adding a new patient. For this iteration, 

issues with the application were: 

Bug when entering additional data. Some of the new fields added under history 

section had occasional a bug that wouldn’t let the user type in the data. This was 
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thought at first to be the data element type or program rules set on those fields, but no 

fault was found on that. 

Wrong WFL z-score format. While the z-score from the previous iteration was fixed, 

the z-score was still wrong according to the health workers. The reason was the practice 

of how the workers recorded the z-score in the forms. The score is entered as a natural 

number with an equal, greater than or less than symbol in front to indicate the 

placement of the score in the deviation ranges. For example, a z-score of -2.5 would be 

recorded as <-2 z or >-3 z in the forms. Three health workers thought the use of 

decimals was wrong with the last one saying both formats could be used, saying while 

the score in decimals are more correct, but that is how they do it.  

Feedback from this iteration was mostly from the four HSA’s that were tasked to use 

the prototype as a replacement of forms in context of it being an actual OTP session. 

The health workers were recorded using the prototype and questions regarding usability 

and utility were asked afterwards. One of the HSA’s remarked on the ability of the data 

collected using mobile can be directly accessible to people at district level. This enables 

the possibility of relief programs to villages or areas with little food, much diseases or 

sanitation problems as malnutrition can be an indicator of, since the districts are 

responsible for overall management and distribution of resources to the health centers. 

They believed the using mobile would be quicker than forms due to not needing to 

constantly use and look at z-score or RUFT tables. The workers were highly suggestive 

that the prototype could be used instead of the forms if the occasional bug and wrong 

format was fixed, in addition to adding the rest of OTP fields. Two of the workers said 

they would prefer the data in the overhead be showed inside the chart instead of 

overhead box. The health workers were otherwise highly satisfied with usage of the 

prototype except for it being incomplete. Based on observations we did do some 

changes after feedbacks but unfortunately never got to test it: 
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Figure 5-6: WFL chart overlapping entries 

Removed WFL Chart. As the focus were shifted to OTP which had weekly visits, the 

WFL chart were more confusing rather than useful. The HSA’s measure the height 

when the child is admitted and usually every 4th or 5th visit after that. What happens is 

that the data entry points, and lines stays exactly at the same x-axis value. The 

progressing line is parallel with y-axis for several visit until the height is updated. 

Considering children is provided RUTF rations on the program and expected to have 

gained weight till the next visit, this is not always the case. As some can have 

complications or difficulties gaining weight in the short term as a result of malnutrition, 

with the worst case having lost weight after the last visit. This led to the entry points 

and lines being shifted up and down in the y-axis overlapping with previous entries. 

WFL chart was therefore removed and the WFL z-score value was added in the 
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overhead to prevent confusion. We also reformed how the overhead displayed the data.

 

Figure 5-7: Removed WFL chart 
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6 Discussion 

 

6.1 What is the usability of the implementation? 

6.1.1 Learnability 

Learnability attribute refers how easy it is for users to use the system the first time they 

encounter it. Unfortunately, none of the HSA’s were able to use the system the first 

time, even after demonstrations. A major factor for this is believed to be the number of 

screens presented in order to see the data on the graph, combined with inexperience on 

using smartphones. However, aspects of learnability can also be associated with the 

time or trials needed in order to reach a specific level of proficiency or completion of a 

task. The first prototype was designed to resemble the graphs of health pass with the 

colors and usage, assuming a system with a similar look would reduce time to learn or 

let the users start a bit up on the learning curve. The time varied greatly between those 

who owned a smartphone and those who didn’t. Also, HSA’s that had previously used 

mobile devices to collect data through mHealth or other related project spent 

considerably less time to learn and understood the dataflow and how the system can 

present the data back as indicators. While none of the workers were able to use the 

system the first time, once they were past the phase of adding a patient and data entries, 

they all had no problem interpreting the charts. In terms of first-time use, the system had 

a very low degree of learnability but scored arguably better in terms of learning curve. 

While the number of trials wasn’t documented, the health workers were able to 

complete a given task by the second prototype.   

6.1.2 Efficiency 

Efficiency is the level of productivity once users has learned the system. It is doubtful 

the workers have fully learned using the system, but it is considered they have learned 

just enough to use it. The HSA’s were recorded entering data on both OTP paper forms 

and the second prototype. From the video recordings, there weren’t significantly much 
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difference in time used to fill them out and give an assessment based on the data 

presented with the time being between two to three minutes. With the paper form, they 

spent most of the time looking at the tables. While the prototype bypassed this, it took 

longer time to enter the data on the device, thus evening out the time it took for both 

approaches. They would also perform in what seemed an unnatural way, like saying 

what they are doing, carefully explaining and showing as they were recorded. From the 

small sample of four recorded participants, it was not enough to determine if the 

implementation was more efficient than paper or the opposite, given the circumstances. 

It should be noted they were to make assessments only on anthropometry metrics, 

leaving out a huge factor on other examinations. However, it can be argued that having 

a system calculate the z-score and show number of rations needed automatically is an 

improvement in efficiency compared to finding and looking at tables. Also, once they 

get more proficient with the system it will be less errors and take shorter time to add 

data. The video recordings were done in a controlled setting to get some comparable 

observations in usage with same context as it was not possible to conduct one in real 

setting. They were seated and had the tables ready in front of them, in practice they had 

to walk around to each patient and share the tables since two or three HSA’s could work 

on each patient.  

6.1.3 Memorability 

The system should be easy to remember, and users is able to return to the system after 

long periods of not having used it. The average time between each use for the health 

workers was a week or less, making it hard to reflect on the memorability attribute due 

to the short time between each use. In some circumstances it was not possible to 

distinguish if they have forgotten or not learned the features yet in the first weeks since 

level of proficiency for health workers wasn’t tracked. 

6.1.4 Errors 

The system should have low error rate in the form that users make few errors during 

use, and those error can be easily recovered. The most common error by users that was 

observed is them mistakenly using the “back” button hence taking them back to 

overview page or previous screen instead of closing the onscreen keyboard or numeric 
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keypad. This often happened when they were done typing an entry and wanted to 

proceed to the next entry or to complete an event. Since data is associated with an 

already created event, the entries are not lost or deleted, so this had a very low impact 

since health workers was quickly to resume to the part where they had left. While 

technically being incorrect user action this had no effect other than slowing down the 

time taking to finish an event hence making it relatable to efficiency and learnability. 

This type of error is regarded as slips, since it is unintended while trying to perform 

something while mistake is when the goal is wrong. Mistyping is a very common slip 

and can be mistake if expected type is wrong thus preventive measures was taken early 

on when the tracker program was created. Fields such as oedema only showed 

predefined attributes with the option set feature provided by DHIS2. Data value type 

was set for each data element, so fields that expected numbers only showed the numpad 

and not the whole keyboard. Compared to the current paper system, the application also 

removes the human error aspect in terms of calculating the z-score by using the tables. 

This happens frequency to new HSA’s where they write it down wrong or looking at the 

wrong table since there is one for male and one for female. While it was user errors 

such as attempting to add patient early in the training, others weren’t quite apparent or 

clear if it was about smartphone familiarity or the actual design and layout of the 

application.  

6.1.5 Satisfaction 

This attribute is the subjective attitude towards the system whenever it pleasant to use 

and feeling satisfied using it. The four health workers that was recorded were asked to 

rate how satisfied they were with the second prototype in terms of functionality and 

ease of use. Both scored highly satisfied even though it was incomplete, and they 

commonly did slips. For functionality the reason was that it covered what they did and 

needed, while they filled out data fields under physical examination section, those was 

to be evaluated by clinicians or nurses if they showed unusual values. We asked the 

workers the reason and thoughts about specific moments we observed they did slips or 

stopped for a while. The answer was that they were not used to it. Those that had 

previously used a mobile collecting tool called CommCare reasoned from experience 

that it wasn’t a problem and they would get better over time, without giving any specific 

details on why. An explanation could be they interpreted the questions in terms of social 
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acceptability rather than usability. That the attitude is toward mobile phones as a tool 

instead of their perceived feeling and interaction with the application.  

6.2 What is the utility of the implementation? 

This section will discuss how useful and practical the implementation is for the health 

workers. The approach for this will be in the context of existing issues and challenges 

with the paper system and potential enhancement of a smartphone solution.   

6.2.1 Z-scores calculations 

In OTP, the WFL indicator requires the health workers to look and figure the z-scores 

based on estimation as it is not possible to get an exact value. The way they do it is to 

look for the number in the table and set symbols to denote the inequality. However, this 

method to record is ambiguously because they need to round to the nearest number and 

that is depended on each interpretation of the workers, including how they write it. A 

girl with length 45 cm and weighing 2kg can both be written as <- 2 z or > -3 z using 

the WFL reference table shown in Figure 6-1.  

 

Figure 6-1: WFL reference table 

According to older and experienced HSA’s, most new health workers interpret them 

wrong and very often make mistakes when doing this. Another occurring problem even 

for experienced workers is the use of less than and greater than symbol, which is 

sometimes mixed. This can be seen in Figure 6-2 of two actual forms, OTP on the left 

and SFP on the right. As a result, the WFL score in forms can be confusing to look at 

and difficult to interpret since it contains errors. While weight can be used to display the 

progressing of gaining weight, it is without context in terms of malnutrition, which is 

why z-score is important to the workers. The ability to automatically calculate the exact 

z-score can therefore remove the risk of the HSA’s making decisions based on wrong 
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and WFL score in OTP and SFP. Some did object to have exact numbers as it was 

seemed as wrong, there was no definite answer to why other than that’s how it is done 

and therefore correct. A factor to this could be the actual understanding of what the 

score is as HSA’s often receive short-term education and never seen the scores used 

outside their current practice and format. It is unsure why this wasn’t detected during 

the first rounds, one explaining could be that the HSA’s didn’t pay attention to the value 

and rather just looked at the chart for the first prototype as they would on health 

passport and for the second prototype they expected it show it like how they are used to. 

 

Figure 6-2: Z-score errors in OTP and SFP forms 

6.2.2 Data aggregation and reporting 

The DHIS2 system has been used by Malawi since its rollout in 2010-2012, however 

this is only at district office level (Haugen 2017). According to our guide which has 

worked on several related project, all paper reports from facilities and health centers is 

sent to the office and registered into the system. While it is unsure if all or if 

malnutrition reports are registered into the DHIS2 system, it still doesn’t take away the 

benefit of using mobile tool to collect data due to the DHIS2 platform already being in 

place and contains modules and tools for data analysis and aggregation. Physical 

transportation of paper reports on malnutrition wouldn’t be a concern, however new 

challenges will arise regarding implementation and integration of the tool. During one 

of our interviews at Bimbi, according to one senior HSA’s, the health center went a 

month without RUTF deliveries. Without rations, the best the health workers can do is 

educating caregivers on nutrition and type of food suitable for the child. The deliveries 

are however irregular, and the amount varies due to shortage, a contributing factor for 

this was low resources and production capacity. With continuous update on new cases 

and facilitating for timeliness reporting through remote reporting, it allows districts to 

distribute rations and prioritize health center with more severe cases. 
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6.2.3 Data access and storage 

The way the data is stored, make the regular patient information fragmented over 

several documents. With difficulties keeping them updated, they often only contain a 

partial content of a patients records as seen in between the health passport and registers. 

The implementation would allow for centralized storage and accessibility of data 

records for all health workers with the tool. This would remove the need of having the 

additional records stored by caregivers in cases where the registers are unavailable such 

as home visits or door to door. However, the health passport contains guidelines and 

educational materials that can be used by caregivers thus has multiple purposes, 

including records for other programs. Thus, idea of replacing the health passport for a 

mobile solution in growth monitoring is not viable unless the other needs are fulfilled. 

While mobile solution is suitable for storage, accessibility and provides a way of 

circumventing other paper related challenges, it has some limitations such as presenting 

large amount of data due to small screen sizes. This is apparent in OTP and SFP 

monitoring cards, although they have in most cases low readability due to bad 

handwriting, it does contain all the information needed on one page compared to how a 

mobile solution would be. While the initial though is to replace the paper-based system, 

it is possible that the two can coexist and interplay with each other. An approach like 

this would recognizes their uniqueness and interdependence, and require simultaneous 

enactment of old and new technologies in order to make the mobile phone solution 

work and evolve in an organization change (Herstad 2015). No matter degree, utilizing 

mobile solutions would still require adjustments on the part of new and existing 

technologies and work practices. For instance, the solution could be used in one 

program while evolving and expanded to the others or independently. The prototype 

was implemented with use of charts in mind in relation to the regular register and health 

passport, and charts might not be as useful on OTP and SFP due to the amount of data 

that has to be considered when doing an assessment and the chart takes a huge 

proportion of the screen. The state of the design might therefore be more suitable for 

community screening even though z-score calculations are more advantageous for the 

other two programs.  

6.3 Challenges and limitations 
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Among other difficulties listed throughout this thesis, challenges and limitations from 

implementation and approach is listed below. 

6.3.1 Feedback 

It was previous stated that only HSA’s participated in this thesis due to availability and 

access to other personnel. While they are the intended users of the implementation and 

provided immensely feedback on usability and utility, they often lacked the knowledge 

and ability to explain why some standards and guidelines are in place as they are not 

experts in child growth and nutrition. We, the developers are not health workers and has 

no training in child growth and malnutrition. It is therefore difficult for us to recognize 

problems and pitfalls related to health in the implementation. One such example is the 

WFL graph being impractical when recorded within short time durations. This rather 

created confusing for the HSA’s as they were used to WFA and LFA where x-axis is 

age. It is believable that feedback from health experts that has educational background 

and experience in the domain would have increased the quality of the prototypes. Since 

the prototypes were only used by HSA’s, we also lacked feedback from other users that 

also would use the application, the clinicians and nurses.  

6.3.2 Additional features  

Time constraint had huge impact on usability refinement and development of the 

prototypes, those listed under are some features that didn’t get implemented.  

Alerts. One of the primary features that was meant to be implemented was the alert 

function. The alert would come in a form of an alert dialog on the screen showing 

recommended actions to be taken when reaching certain thresholds in the growth 

standard. This feature was meant to assist the health workers be in accordance with the 

nutrition criteria framework from the CMAM programs. This would also have greatly 

benefitted new or less experienced health workers, especially at addressing 

complications that are not that common. Work on the feature started early and it was 

decided to use the alerts popup functionality provided by DHIS2. However, the feature 

was never functional due to challenges in terms of reusing that feature in the code. 

Since it was unsure how long it would take to fix it, this feature was left on the backlog 

and unfortunately never expanded further on due to other priorities. 
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ACFA indicator. The use, and calculations for the ACFA indicator weren’t 

implemented due to the practice of using cut-offs at the health centers. The arm 

circumference is measured with a MUAC tape that indicates the z-score for all age 

groups from 6 to 60 months. Since the health workers get the value instantly and it 

shows the SAM criteria, the value is just added to the records. While the MUAC tape is 

low-cost and simple to use, the cut-offs don’t take gender and age into consideration. 

Boys has a higher optimal cut-off than girls thus gender and age specific cut-offs would 

have an increased sensitivity to identify children with SAM (Fiorentino 2016). 

Therefore, the ACFA indicator would have been more accurate if used, but this would 

require additional adaption from the HSA’s in their current practices.  

6.3.3 Practices 

Being understaffed and feeling overloaded with tasks has resulted in practices where the 

HSA’s must prioritize some task over others in order to cover services for all patients. 

This can be seen with the height records, unless it is in OTP or SFP, the height is rarely 

measured and recorded. While it takes more time to measure length, another reason is 

because they can’t do anything about the height of a child as there is no direct treatment. 

The implementation may offer the same mobility and more ease of use when entering 

data compared to paper passport as work of the health workers requires movements 

between patients and stations such at outside under a tree with a hanging scale in order 

to weight the child. However, this doesn’t shorten the time it takes to measure length of 

a child and the HSA’s perception of the LFA indicator, where the length is only used for 

WFL indicator. 
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7 Conclusion 

 

The goal of this thesis was to implement a growth monitoring system and study its 

usefulness. The prototypes were built upon the DHIS2 Capture app for Android and its 

data model for data flow. This was done by adding an additional tab to the program’s 

dashboards showing charts and using its in-build data capture functions for easy data 

access and manipulation. The first prototype was intended to be used for commonly 

screenings, the second prototype was a further extension of the first one and meant to be 

used in programs where children was undernourished. 

7.1 What is the usefulness of the implementation 

in the context of growth monitoring? 

In terms of utility, the implementation provided advantages that often comes naturally 

when it is part of a software platform like the DHIS2 such as the possibility of remote 

reporting, storing data remotely and data aggregation. While some these additional 

utilities were never realized and tested throughout the thesis, it doesn’t take away their 

potential value as the data is stored remotely and DHIS2 has modules to perform these 

actions. The ability to store data remotely and access them also counteracts some of the 

current challenges faced by the health workers such as multiple registers and their 

condition, duplicated data in different forms, loss of data and readability of forms. In a 

sense, the implementation provided utilities almost any other system platform would do 

when compared to paper systems. The z-score calculations allowed the health workers 

to have exact z-score values, in opposed to the use of less and greater than sign. Which 

gives a more accurate representation of the state a malnourished child is in. The 

participants were satisfied with the functionality since they didn’t have to manually look 

up the values. It also takes away the problem of ambiguous representation of data value 

by each health worker and risk of error, however, some of the health workers expressing 

their opinion on the exact values being wrong.  

In comparison to the paper forms, the study couldn’t give a clear answer on whether the 

implementation was more efficient or not. However, it can be argued having the 
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application calculate the values for you would increase the efficiency and will be once 

the health workers have become more familiar with implementation. The workers often 

did slips, and while the implementation had severe errors in the beginning, this was 

quickly fixed. It is considered the health workers has learned the system enough to 

perform the specified tasks, however this took longer than expected. Even though the 

implementation was created with ease of use and simple to learn in mind. A huge factor 

for this and the amount of slips is believed to be their familiarity and experience with 

smartphones. In the end, the health workers were pleased with the prototypes and hoped 

this could be used in the future. 

7.2 Limitations of study 

The focus of the study wasn’t established at the first field trips and shifted several times 

throughout the thesis. Learning and gaining knowledge about the domain, evolved my 

research into a study about the usefulness of the implementation for the health workers. 

I believe with the timeframe of the thesis, it would have been more optimal with a clear 

focus at the beginning, as it wasn’t clear and changed several times. With the reason as 

thinking back, interview questions and the tests could have been more optimized. That 

the test was too simple and flawed, and a more complex and well executed tests would 

yield better result in terms of usability attributes. Questions could have been optimized 

so the answers would have reflected more of their opinion or actively set off discussions 

for better understanding. As they often would have short answers such as, “its good”. 

While we strived for their opinions, they often answered with they didn’t have anything, 

or couldn’t think of one. 

7.3 Future work 

While the DHIS2 platform offered flexibility with its data model, certain codes had to 

be hardcoded in order to make it possible have a chart. A program and its event data 

attributes are created at the maintenance section of the web app through browser. It 

wasn’t possible to configure the chart data and datasets from the web app as the chart 

tab is something we added, and therefore had to be hardcoded. Further work would need 

to include functionalities from the web app order to add and customize datasets for 

charts as our solution is not viable organizations with multiple programs in the DHIS2. 
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Also, the implementation was the result after two rounds of prototyping and future work 

should keep studying on its usefulness, including other attributes of the acceptability 

model for improvements. A factor to include in future works is to include health and 

nutrition experts from the Ministry of Health and other stakeholders, including 

clinicians and nurses from the health centers. 
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Appendix 

Source code 

https://github.com/theahthodesen/dhis2-android-capture-app/tree/2.0.0_beta 

 

https://github.com/theahthodesen/dhis2-android-capture-app/tree/2.0.0_beta
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