End-user perspectives of two mHealth decision support tools: Electronic Community Case Management in Northern Malawi
1. Introduction
Many low- and middle-income countries (LMICs) experience high mortality rates among children under-five [1]. Although childhood mortality rates in Malawi have steadily declined over the last decade,  under-five mortality rates remain high at 49.7 per 1000 live births in 2015 [2]–[4] and it reduced further to 54 per 1000 in 2018[5]. 
[bookmark: _GoBack]To improve access to essential healthcare services for many of Malawi’s marginalized communities, Health Surveillance Assistants (HSAs) were recruited. HSAs are allocated to hard-to-reach remote locations and serve a population of approximately 1,000 citizens [13]. Their role involves family planning, environmental health, HIV counselling as well as acute care of children under five years of age [14] through a Community Case Management (CCM) approach. CCM is a paper-based decision aid for management of children under 5 years with acute illness that uses simple signs and symptoms. HSAs are supervised by Integrated Management of Childhood Illness (IMCI) coordinators in a district. 
While under-five mortality rates have declined since the introduction of CCM in 2009, there are concerns about inconsistent standards of delivery of CCM. HSAs do not always follow all the steps in the protocol, potentially resulting in inappropriate clinical management decisions [15], [16]. Identifying tools that can standardize the delivery of CCM, as well as streamline HSAs’ duties more broadly, is a public health priority for Malawi. 
Many LMICs, including Malawi, have experienced an increase in mobile phone adoption (including smartphones) and internet technologies [17], [18]. The potential utility of mobile phones for delivering CCM has been evaluated in Malawi and evidence suggests that their use may have some advantages over current paper-based systems [19] [20]. Notably, studies have reported improved health worker adherence to CCM-related protocols and accuracy of treatment [21], [22]. Research shows that mHealth could transform the delivery of healthcare services by addressing a number of issues [29]. These include improving the convenience, speed, and accuracy of diagnostic tests; monitoring chronic conditions, medication adherence, appointment keeping, and medical test result delivery; as well as improving patient-provider communication, health information communication, remote diagnosis, data collection, disease and emergency tracking, and access to health records [30][31]. 

Two CCM Apps have thus far been evaluated for use in Malawi; the Supporting LIFE electronic Community Case Management Application (SL eCCM App) [24], [34] and D-Tree International’s Mangologic eCCM App [35]. Although both Apps are configured to support the delivery of CCM in similar ways (i.e. they both are required to be used in conjunction with paper-based CCM), they have markedly different interfaces and functionality and are deployed on different types of mobile phones, potentially conferring very different end-user experiences. 

Several published studies support the acceptability of using mHealth decision making tools [36], the perceptions of HSAs and community on using these mHealth decision making tools [37] and their added value for CCM in Malawi [38]. However, to date, no study has looked at the user perspective of these mHealth decision support tools. The aim of this study is to explore end-user perspectives of two eCCM decision support tools developed and implemented by the Supporting LIFE project (SL eCCM App) and D-Tree International’s (Mangologic eCCM App) and their implications for CCM in Northern Malawi. 

1.1 Theoretical Framework 
This study uses the Mobile App Rating Scale (MARS) to evaluate two apps used in CCM. MARS is an evaluation toolkit developed to enable potential end-users to assess and rate the quality of an mHealth App [39]. Four main dimensions are defined within MARS.  These include 1) Engagement, 2) Functionality, 3) Aesthetics, and 4) Information and subjective quality [40].  
2. Methods
2.1 Study design
A mixed method approach was used where interviews were conducted and a questionnaire was used to compare the functionality of the SL eCCM App and Mangologic eCCM App. 
2.2 Study setting and Population
The study was conducted between July and November 2017 in Mzimba North, Nkhata Bay, and Rumphi districts of Northern Malawi. These districts were selected because both SL eCCM App and the Mangologic eCCM App were being implemented by HSAs in these districts at the time of this study. The study population were HSAs and IMCI coordinators in Malawi.
2.3 Sampling and Sample size
A convenience sampling technique was used to select a total of 109 participants: 106 HSAs and 3 IMCI coordinators. The HSAs were enrolled to the study based on where they worked and they were selected by their respective District Health Office (DHO) based on their experiences using either the SL eCCM App or the Mangologic eCCM App. Subsequently, 53 HSAs had used SL eCCM App and 53 had used the Mangologic eCCM App. IMCI coordinators were selected because they were involved in strategizing the implementation of IMCI initiatives in these districts.   
All 109 participants (HSAs and IMCI coordinators) selected had used and were familiar with both the SL eCCM App and the Mangologic eCCM App prior to their involvement in this study. They had received three days training on how to use smart phones and the Apps. HSAs were also trained on troubleshooting in case they faced problems when using the mHealth Apps.  If a HSA identified a problem using the App, they were advised to call the super users who had an extra training on how to manage all App-related problems. 
2.3.1 Inclusion and exclusion criteria
The inclusion and exclusion criteria were as follows:
Inclusion Criteria
· HSAs with experience using both SL eCCM and Mangologic eCCM Apps
· HSAs and IMCI coordinators proficient in English
· HSAs located close to the main road for easy accessibility
· IMCI coordinators directly involved in CCM
Exclusion Criteria
· HSAs not trained in CCM guidelines
· HSAs with no experience using both SL eCCM and Mangologic eCCM Apps
2.4 Description of eCCM apps in Malawi
The five mHealth Apps which are used in Malawi are the DHIS2 Data Tracker, Mangologic, CommCare, One community, and Supporting Life[35], this research focuses on the Supporting LIFE and Mangologic Apps used in the northern Malawi.
The SL eCCM App was developed and implemented by the Supporting LIFE research team. This team conducted a stepped wedge design randomized clinical trial on eCCM [34] in Northern Malawi. The Mangologic eCCM App was implemented by D-Tree International in several village clinics in Malawi. 
Mangologic eCCM App is a community-based decision support mobile application running on android phones, integrating health service packages offered by HSAs. The Mangologic eCCM App has Community Integrated Management of Child Illnesses (cIMCI) and cStock among others. The cStock feature aims to address the weak drug supply chain to the HSAs in the community. The Ministry of Health in Malawi developed an enhanced management approach to increase the availability of medicines for community health programs. cStock is aimed at improving the reporting and visibility of community health logistics data. It is a Rapid SMS-based reporting and resupply system that facilitates timely data transmission and communication between the Community Health Workers (CHWs) and the facility that supplies them with medicines[41].  
Both eCCM Apps are android-based smart phone applications that aim to replicate the paper-based CCM decision support tool routinely used by HSAs in Malawi and across Sub Saharan Africa (SSA)[42]. These tools enable HSAs to enter the information they would usually gather using the paper CCM form, answer a series of clinical questions and obtain selected clinical measurements (e.g. breathing rate). Data are entered directly into the apps via touch screen technology, either by selecting the appropriate option or by entering free text [34], [43]. The apps provide treatment recommendations, including medications, referral to health facilities, and health education for parents. Both applications require that users complete all steps (i.e. questions, prompts) before the user can proceed to the next step, thus promoting adherence to the CCM algorithm. 
2.5 Community Sensitization
Three community sensitization meetings were held and one District Executive Committee (DEC) meeting was held in each district of Nkhata Bay, Mzimba North, and Rumphi. These meetings were attended by government department leaders, chiefs and community leaders with the aim of developing a relationship of trust and respect with the authorities in the communities, and also to promote stakeholder engagement at an early stage. This level of engagement is very important for the future success of the project [44], [45].
2.6 Data Collection
Both qualitative and quantitative data were collected for triangulation purposes [46].  
2.6.1 Quantitative data
Data were collected by one researcher between August 2018 and November 2018. A 5-point Likert scale using the MARS assessment scale (Appendix 1) was used to collect quantitative data. MARS is a validated tool[47] that provides a multidimensional measure of App quality indicators of engagement, functionality, aesthetics and information quality as well a subjective assessment of the quality of the App [48]. Respondents were given paper questionnaires in English. 
2.6.2 Qualitative data
Qualitative interviews with 34 participants were conducted using an interview guide in Chitumbuka, Chichewa, and Chitonga (Appendix 2). Audio recordings were transcribed verbatim by a licensed transcriber and later translated into English. We stopped data collection from the HSAs when it was perceived that data saturation was achieved [49]. Data saturation was not considered for IMCI coordinators as they were only three in total available in these districts. Interviewees were invited to review their interviews to verify that the collected information represented their views.
2.7 Data analysis
Quantitative data was analyzed using SPSS version 20 where descriptive statistics and Chi-Squared tests were generated. Qualitative data was analyzed thematically by identifying, analyzing, and reporting patterns (themes) within the data [50]. All transcripts were read several times to allow the researcher to become immersed in the data. The initial themes emerged as coding was undertaken by a single researcher. This led to the development of a thematic framework and analytical categories (themes) on participants’ experiences on the use of smart mobile phones in the management of childhood illnesses. The main categories led to axial coding which helped to further develop categories. This was done iteratively. The researcher team, AM, CH, YOC, VH, MT, JOD, NM reviewed the coding process and themes. 
2.8  Ethical Considerations
This study was approved by the College of Medicine Research Ethics Committee (COMREC) and permission to conduct the study was obtained from the District Health Officers (DHO) of Nkhata Bay, Mzimba North, and Rumphi districts. All study participants provided written consent. To ensure confidentiality, interviews were conducted in private. Anonymity was ensured by assigning codes to each of the transcripts and storing the respondent’s personal details in a separate secure location. 
3 Results
3.1 Participants Characteristics
One hundred and nine participants completed the paper-based survey tool, these included the 34 interviewees. Of the 109 participants, of 106 HSAs - 53 completed the SL eCCM App questionnaire and 53 completed the Mangologic eCCM App questionnaire. The three IMCI coordinators completed both questionnaires, Table 1 provides an overview of all participants. 
Table 1: Demographic characteristics of participants
	Characteristics/Roles
	HSA
	IMCI Coordinator

	No. of Participants (n=106)
	103
	3

	Gender
	M:77    F:29
	M:2          F:1

	Median Age (years)
	44
	36

	Education: 
	
	

	· Malawi Schools Certificate of Education (MSCE)
	49
	3

	· Junior Certificate of education (JCE)
	57
	3

	· Third level Education 
	NA
	3

	Work Experience: 
	
	

	· Work Experience (HSAs) (avg years)
	6 years
	7 years

	· Experience using mHealth Apps (avg time)
	11 Months
	11 Months

	Experience using mobile phones (n=109)
	101
	3

	Experience using smart phones ( n=109) 
	40
	3



For the qualitative data, a total of 34 interviews were conducted of with 31 HSAs (Nkhata Bay district 13, Mzimba North 7, and Rumphi district 11) and 3 IMCI coordinators. In terms of gender, 11 interviewees were female, and 23 were male. Amongst the HSA participants, 17 HSAs had used SL eCCM App while 14 had used Mangologic eCCM App. Each interview lasted between 35 and 40 minutes. 

 3.2 Quantitative results
The areas of focus in the MARS 5-point Likert scale included engagement, functionality, aesthetics, information, and the subjective quality of the two eCCM Apps. Engagement includes provision of entertainment, internet system, customization, and interactivity. Functionality refers to performance, easy to use, navigation, and gestural design. Aesthetics includes App lay out, graphics and visual appeal. Information refers to accuracy, quality of information, quantity of information, and visual information. Subjective quality includes recommendation of the App and rating the quality of the App by users. The respondents providing quantitative data have been illustrated in table 1 on page 8

3.2.1 Engagement
From the MARS questionnaire, the SL eCCM App showed that most aspects were rated at the average with internet system being the highest at 71.43% seconded by customization which was at 66.07%. Very few participants indicated on excellent with only 1.79% showing that interactivity was excellent. These results show that the App engagement was not rated highly as most participants scored it to be on average. This can be seen in Figure 1. 
Figure 1: SL eCCM App Engagement 

While the same was seen with Mangologic eCCM App in Figure 2, with internet system being the highest with 64.29%, seconded by the provision of entertainment at 62.50% followed by interactivity at 60.71. There was no participant who gave a score of excellent in all of the engagement parameters. This is shown in figure 2 below.
Figure 2: Mangologic eCCM App engagement 

These results on App engagement indicates that both SL eCCM App and Mangologic eCCM App are being regarded as averagely good as more participants scored both of them on average. There was no statistical significant difference between these two Apps on interactivity (P=0.26) of the Apps and there was no statistical difference between the SL eCCM App and the Mangologic eCCM App, p≥0.46 on how the internet system is working between the two Apps.
3.2.2 Functionality 
Figure 3 illustrates that on the functionality of SL eCCM App most participants indicated that it was very good, with performance being the highest with 62.5% seconded by navigation with 50.0%. However, it was found that there were more participants who also indicated that it was excellent with easy to use being the highest on being excellent with 60.71% seconded by navigation with 48.21%. 
Figure 3: SL eCCM App Functionality 

However, the results on Mangologic eCCM App showed that most participants indicated the App to be on average with navigation being the highest on 58.93% seconded by gestural design (55.36%) while easy to use came third (51.79%) and performance had 41.07% (Figure 4).  Performance came out highest (55.36%) on very good seconded by easy to use (41.07%). 
Figure 4: Mangologic eCCM App Functionality 

These results show that the users perceive the Apps as good in terms of performance. However, the functionality of SL eCCM was perceived as more excellent in all the parameters than Mangologic eCCM App on the same parameters. Despite this difference in the way the users perceived them, there was no statistically significant difference between these two Apps on Usability (P≥0.71)
   
3.2.3 Aesthetics
The participants had scored more parameters on very good. Visual appeal scored the highest (58.93%) seconded by the layout (55.36%). Only visual appeal (21.43%) and graphics (14.29%) were scored as being excellent.  Similar results were found on Mangologic eCCM App where most participants scored the App on average and very good. The results show that both visual appeal and layout had the same score (50.0%) on average while graphics had the highest score (55.36%) on very good. However, there was no score on any parameter for the App being excellent. 
3.2.4 Quality of Information
On the information derived from the Apps, it was found that a high number of participants had scored the SL eCCM App on very good and excellent.  Figure 5 illustrates that the accuracy of the App was the highest (73.31%) on excellent seconded by credibility of information (71.43%) while quality of information (57.14%) came third on being scored as excellent. 
Figure 5: SL eCCM App Quality of information 

The results from Mangologic App on the information from the App showed that most participants scored the App either very good or excellent (Figure 6). In the Mangologic eCCM App, credibility of information came out the highest (67.86%) on being very good seconded by quality of information and visual information on 64.29%. While accuracy of the App scored the highest (46.43%) on excellent seconded by credibility of information (32.14%) on excellent. These results are shown in the figure 6 below. 
Figure 6: Mangologic eCCM App  

3.2.5 Subjective quality of the Apps
On the rating of the apps, we found that the SL eCCM App being rated highly on being excellent where most participants recommended it (82.14%) and the rating was also high on excellent (80.36%) as highlighted in Figure 4. While, Mangologic eCCM App scored high on very good and average. The highest was the rating of the App (62.50%) on very good and recommendation of the App was on 53.57% on very good. 
Figure 7: SL eCCM App Subjective quality 


The same scoring happened to the mangologic eCCM App (figure 8) where most participants scored highly on very good (App rating = 62.50% and App recommendation = 53.57%) with few participants scoring the App on excellent (App rating = 12.50% and App recommendation = 7.14%). Figure 8 illustrates this.
Figure 8: Mangologic eCCM App subjective quality 
These results on subjective quality indicates that the end – users perceives the Apps positively as they rate both Apps highly and recommend to use them in CCM. The difference in the rating of the Apps was not statistically significant p≥0.77. 

3.3 Qualitative results
Three themes emerged from the qualitative data analysis: 1) user friendliness, 2) technical intelligence and 3) the practical implications of the Apps. Illustrative quotes are provided for these themes and sub-themes (each with participant ID). 
3.3.1 User friendliness
Several sub-themes were noted in terms of the user friendliness of the two Apps. We found that some participants had preferences for one App, identifying issues such as: usability, consultation time, and presence of the CStock mechanism for ordering drugs. 

3.3.1.1 Usability of the Apps 
Participants noted that the SL eCCM App was simple and straightforward to use, while Mangologic eCCM was considered more complex and it was difficult to arrive at a clinical decision. This complexity was due to the flow of questions, presentation of the CCM algorithm, and method of answering questions in both Apps.
 “Supporting LIFE was straight forward, it was simple when using it unlike Mangologic App. In terms of the App, the Supporting LIFE App you just tick and continue while Mangologic App needs a lot of details.” (PHS 004).
“With Supporting LIFE App our super users did not experience much problems the way they are experiencing problems with Mangologic App”. (PIMCI-CO 002)
3.3.1.2 Consultation time
HSAs noted that the length of consultation time was shorter when using SL eCCM App compared with using Mangologic eCCM App. 
“The Supporting LIFE App was fast to use and not the Mangologic App. (PHS 022)
HSAs said that this was because they spent less time entering the required data in the SL eCCM App, whereas with Mangologic eCCM App there was a greater need for users to manually input information.
 “SL eCCM  has all the conditions together and one was just ticking but the Mangologic one the conditions are not together and the App is somehow complicated as a result more time is taken to finish assessing a sick child” (PIMCI-CO 003)
 “Because the Mangologic App is so complicated we take more time to assess children using Mangologic than Supporting LIFE.” (PHS 011).
3.3.1.3 CStock Mechanism
The Mangologic eCCM App includes a CStock feature that allows HSAs to order drugs and other medical supplies electronically. Notably this was not available in the SL eCCM App.
“With Mangologic App, everything we do is by using the phone. We do the reporting using the phone, we order drugs using the phone, while with the Supporting LIFE App, we were only using it to assess the children and see treatment recommendations.” (PHS 003)
 This meant that HSAs using SL eCCM had to order drugs and supplies separately using their usual paper-based requesting method, hence increasing their workload. This additional feature of the Mangologic eCCM App was seen as valuable by HSAs

3.3.2 Technical intelligence
The two Apps were examined in terms of their technical intelligence. Issues emerged around the retention of the child’s information in the phone after synchronization to the server, achievement of the desired goal, and automatic synchronization of patient data to cloud data storage. 
3.3.2.1 Retention of child’s information in the phone 
HSAs who used the SL eCCM App found that once the data was transferred to their supervisors, the health record was not retained on the phone. This was perceived to be problematic as the HSA had no health record available in the event the child returned for a further consultation. On a return visit this feature made it difficult for the HSA to discern if the child was presenting with was a new illness or a continuation of the previous illness, and whether the child was improving or deteriorating compared to their previous assessment. 
"If we were only using the phone it would be difficult to review the child as there was no information in the phone after synchronizing." (PHS 012).
"The phone doesn’t keep information of the child so it’s difficult to review the child." (PHS 007).

In contrast, HSAs using Mangologic App reported that even after synchronizing data to the server, the child’s health record was retained locally on the phone. This information could easily be retrieved when a child attended for review.
“With Mangologic App, the information of the child is well kept in the phone after syncing” (P4).
“Even after Mangologic App has been removed from the phone, the information of the child is still kept in the phone.” (PHS 005)
3.3.2.2 Achievement of desired outcome
We found that despite the differences in the way the two mHealth Apps were designed, both of them appeared to achieve the same clinical recommendation. Respondents reported that both the SL eCCM App and the Mangologic eCCM Apps were able to provide identical diagnostic information, and the same treatment recommendations.
“There was no difference in the diagnosis given by SL eCCM App and that given by the Mangologic eCCM App.” (PCO 002)
“After using both Apps, I found that they both give the same treatment to a child depending on the diagnosis found” (PHS 019)
3.3.2.3 Automatic synchronization
We found differences in the ease with which data are synchronized to the server by the HSA. The SL eCCM App required that the HSAs command the phone App to synchronize, while Mangologic eCCM App synchronized automatically when the HSA used the App.
 “The major advantage I see with Mangologic is that soon after finishing assessment of the children the App syncs automatically while in Supporting LIFE, after finishing you have to command it to sync.” (PHS 028)
3.3.3 Practical implications
The usability of mHealth Apps had several practical implications. One finding was that some HSAs preferred to use one mHealth App over the other based on differences in functions and usability. Another finding was that despite these differences the end-result in terms of clinical care provided by HSAs appeared to be the same.
3.3.3.1 Preference of HSAs on eCCM Apps 
HSAs indicated that they would use both SL eCCM App and Mangologic eCCM App. However, depending on the interest of the HSAs, some HSAs preferred one App over another. Those who preferred Mangologic stated that it is because it contained the CStock mechanism for drug ordering which is not included in SL eCCM App. While those who preferred SL eCCM App stated that it is simpler to use than Mangologic App.
4 Discussion
This study provides an opportunity to examine two Apps which were designed for the identical purpose, and deployed in the same regions in northern Malawi. This paper presents evidence of end-user perspectives of these mHealth Apps, and provides implications for other mHealth decision support tools relating to issues of user friendliness, technical intelligence, and practical implications.
The quantitative data suggest that there were few significant differences between the SL eCCM and the Mangologic eCCM Apps. Our analysis revealed that both Apps meet users’ needs. As such, they are both perceived positively by the users, as other studies have found for similar mHealth studies [52](46) [53]. Users recommended these to be used by HSAs, which is an important factor to be considered when a new technological innovation is brought to the community [54].
It is important for technology designers to create Apps that are user-friendly. According to the Technology Acceptability Model (TAM), for a technology to be accepted by users, the way that technology is designed plays a major role[55]. This model suggests that there are two influencing factors that impact the attitude of people towards accepting and using the technology. One of them is perceived ease of use; in this case, the complexity of the eCCM App may negatively impact its use. We found that complexity of the eCCM App was identified by users as impacting their timeliness of care, HSAs using SL eCCM took less time assessing children than those using Mangologic eCCM App.  Previous studies have noted the importance of mHealth Apps which are faster or simpler to use, leading to greater satisfaction [34], [56] [57]. Existing research suggests that HSAs prefer activities which are easy to manage. [58] given that their role involve other duties apart from CCM [59]. 
For a new technology like an mHealth decision support tool to be fully accepted and adopted in the community, people’s reactions are important [60]–[62]. While the community and HSAs appreciate the introduction of a mHealth decision support tool, some HSAs using Mangologic eCCM App experienced malfunctions while assessing children. This could discourage the HSAs from continuing to use this App, or other Apps in the future [63]. It is important that mHealth App functions adequately, to reduce the risk of disappointment to the user and increase clinical reliability [63], [64].  
In terms of technical intelligence, we identified no difference between the two Apps since both reached the same clinical diagnosis and gave the same treatment recommendations. This is an important outcome, as it supports the rigor of the underlying software in accurately reproducing the CCM guidelines [65][24]. 
The attractiveness of an innovation can influence the user to use it more often[66]. We found contrasting issues that affected the user-experience of the two Apps. Some of these related to App design, specific features were considered to be particularly user-friendly in the Mangologic eCCM App such as the automatic synchronization of data, and retention of child’s records on the phone after sending data to the server. However, the simplicity of the SL eCCM App was preferred by some HSAs. They indicated that it led to more rapid assessment of the child, though it was perceived to be limited by lack of automatic synchronization and the inability to retain the child’s data on the phone between consultations. The presence of the cStock mechanism, found only on the Mangologic App, also was seen as valuable as it reduced the workload of ordering drugs using paper request forms. 
It is worth noting that the CCM algorithm is not dynamic. As such, once the CCM protocol changes the eCCM App developers have to change the algorithm to match the changes in the paper protocol.  Future development of these Apps should include a CCM algorithm that can flex with changes in the protocol reducing the need for the redevelopment and maintenance of the software. 
4.1 Strength and Limitations of the study
The strength of this study is that it was conducted with participants from three out of the six districts in northern Malawi. The selection of study participants from village clinics far from each other meant that it is unlikely HSAs influenced each other when responding to questions. There was good representation of participants using SL eCCM and those using Mangologic eCCM. Our mixed-methods approach provides rich insights from a variety of users and t stakeholders involved in mHealth. 
One of the limitations of this study is the use of a convenience sampling technique and the small sample size, especially in the quantitative data collection which limits the internal validity of the quantitative analysis (which was likely under-powered to detect differences), and may also limit generalizability of the study results [67]. We chose to study only HSAs in the northern region of Malawi because this was the only area where both eCCM Apps had been deployed, so our findings may be less generalizable to more urban areas of Malawi with different access to health care services. 
Further studies should explore the possibility of developing an eCCM App that combines the best attributes of both the Apps evaluated in this study. We also suggest that App developers and researchers need to work in partnership to develop the ‘best tool for the job’ by sharing usability, technical, and clinical impact lessons learned from the design, development, and evaluation of each of the Apps. 
5 Conclusion
Two different Apps, each developed to reproduce CCM guidelines for care of under 5 children with acute illness, provided HSA users with contrasting experiences. Each App had various positive and negative attributes. There were key issues highlighted that could affect their ongoing adoption by these users. Overall both Apps seemed to lead to identical diagnosis and treatment recommendations for sick children, which suggests fidelity to the original CCM clinical algorithm. We suggest developing a “best of breed” eCCM App leveraging the look and feel from SL eCCM and the key additional features available in the Mangologic eCCM App. This may be done building on the lessons learnt from the evaluation of eCCM apps described in this study. There is an opportunity to implement a new more flexible eCCM App beyond the scope of a pilot project in Malawi.   
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Summary Points
What was already known on the topic?
The Supporting LIFE eCCM App (designed, developed and trialed as part of a larger research project) and the Mangologic eCCM App (Nationally deployed by the Malawian Ministry of Health independently of the Supporting LIFE eCCM App) are two of the advanced decision support tools used as part of Community Case Management in Malawi.
The Supporting LIFE eCCM App and Mangologic eCCM App are used solely by frontline community health care workers known as HSAs in Malawi   
What this study added to our knowledge?
Consistency: While both Apps were designed, developed and implemented by different groups at different timeframes, both apps generated near similar decision outcomes on patient care. This is because both Apps had the same CCM guidelines built-in as part of its core decision making process. However, this provides a high degree of confidence in that, irrespective of the different design methodologies applied by the two groups, the quality control as part of the systems development lifecycle developed mHealth Apps adhered to the CCM guidelines to a very high level. 
Even if the quality of the data and the reliability of the built-in decision support engine within the App is high, it does not guarantee a successful adoption and/or integration of the App. It is essential that the design or “Look and Feel” of the App is equally high, else the usability and credibility of the App may be compromised. 
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SL eCCM App Functionality

Performance	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	62.5	37.5	Easy to use	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	1.7857142857142856	37.5	60.714285714285708	Navigation	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	1.7857142857142856	50	48.214285714285715	Gestural Design	
Poor	Satisfactory	Average	Very Good	Excellent	0	3.5714285714285712	62.5	33.928571428571431	0	



Mangologic eCCM App Functionality

Performance	
Poor	Satisfactory	Average	Very Good	Excellent	0	1.7857142857142856	41.071428571428569	55.357142857142861	1.7857142857142856	Easy to use	
Poor	Satisfactory	Average	Very Good	Excellent	0	3.5714285714285712	51.785714285714292	41.071428571428569	3.5714285714285712	Navigation	
Poor	Satisfactory	Average	Very Good	Excellent	0	3.5714285714285712	58.928571428571431	35.714285714285715	1.7857142857142856	Gestural Design	
Poor	Satisfactory	Average	Very Good	Excellent	0	10.714285714285714	55.357142857142861	32.142857142857146	1.7857142857142856	



SL eCCM App Quality of Information

Accuracy of App Desc.	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	26.785714285714285	73.214285714285708	Quality of Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	42.857142857142854	57.142857142857139	Quantity of Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	19.642857142857142	67.857142857142861	12.5	Visual Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	64.285714285714292	35.714285714285715	Credibility	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	28.571428571428569	71.428571428571431	



Mangologic eCCM App quality of Information

Accuracy of App Desc.	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	12.5	41.071428571428569	46.428571428571431	Quality of Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	3.5714285714285712	64.285714285714292	32.142857142857146	Quantity of Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	1.7857142857142856	39.285714285714285	42.857142857142854	16.071428571428573	Visual Information	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	12.5	64.285714285714292	23.214285714285715	Credibility	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	67.857142857142861	32.142857142857146	



SL eCCM App Subjective Quality

Recommendation	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	17.857142857142858	82.142857142857139	Rating	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	0	19.642857142857142	80.357142857142861	



Mangologic eCCM App Subjective Quality

Recommendation	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	39.285714285714285	53.571428571428569	7.1428571428571423	Rating	
Poor	Satisfactory	Average	Very Good	Excellent	0	0	25	62.5	12.5	



SL eCCM App Engagement

Provides Entertainment	
Poor	Satisfactory	Average	Very Good	Excellent	0	12.5	62.5	25	0	Internet System	
Poor	Satisfactory	Average	Very Good	Excellent	0	7.1428571428571423	71.428571428571431	21.428571428571427	0	Customization	
Poor	Satisfactory	Average	Very Good	Excellent	0	16.071428571428573	66.071428571428569	17.857142857142858	0	Interactivity	
Poor	Satisfactory	Average	Very Good	Excellent	0	7.1428571428571423	58.928571428571431	32.142857142857146	1.7857142857142856	



Mangologic eCCM App Engagement

Provides Entertainment	
Poor	Satisfactory	Average	Very Good	Excellent	0	37.5	62.5	0	0	Internet System	
Poor	Satisfactory	Average	Very Good	Excellent	0	23.214285714285715	64.285714285714292	12.5	0	Customization	
Poor	Satisfactory	Average	Very Good	Excellent	0	10.714285714285714	46.428571428571431	42.857142857142854	0	Interactivity	
Poor	Satisfactory	Average	Very Good	Excellent	0	5.3571428571428568	60.714285714285708	33.928571428571431	0	
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