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 Abstract
This paper explores the determinants of the utilisation of mobile phone technologies for public health (mHealth) through a June 2014 fieldwork among community health workers (CHWs) in rural Rwanda. Using a socio-technical approach, user, program and technical characteristics were tested and deemed influential in determining use. It focused on 72 CHWs in two districts in Southern Rwanda who were using the mHealth tool, RapidSMS. While not purporting to be a comprehensive evaluation of Rwanda’s RapidSMS project, it makes three contributions to our understanding of mHealth: First, a combination of user centric approach and the socio-technical systems theory affords this study the ability to identify the multiplicity of factors most likely to impact CHWs use of RapidSMS. Second, the study identifies possible factors contributing to the relative success of RapidSMS in rural Rwanda and third, it identifies gaps that ought to be addressed in future mHealth research. This study reports the findings of those factors that were deemed most interesting, novel, counterintuitive- and least well established in the literature. Technical characteristics (reminders and alerts) were by far the strongest predicting factors of use. The user characteristic, age, had no apparent influence on utilization while supports though training and supervision (program characteristics) revealed mixed findings. These findings illustrate the uniqueness of each context and reiterate the need to consider social and technical factors when implementing mHealth projects.
1 Introduction 
At the heart of each and every health system, the workforce is critical to advancing health. In most lower and middle income countries (LMICs) this potential is threatened by the current global human resources crisis (World Health Organization 2006). The global health worker shortage of 4 million health workers (doctors, nurses, midwives) estimated by the WHO is an indication of the dire need for more health workers to achieve even modest coverage for essential health interventions in countries most in need (ibid.). It also shows the need to leverage what limited resources are available to ensure a wider and more effective reach within the population. The ubiquitous nature of mobile devices and the high number of people who own mobile phones in developing countries (Shozi et al. 2012) seems to offer an alternative through which health systems can manage the health workforce gap. The use of mobile devices in medical and public health practice is known as mHealth (mobile health) (WHO Global Observatory for eHealth 2011). 
The mHealth field has seen an increasing number of projects that specifically target community health workers (CHWs), who are primarily volunteer workers selected, trained and working in the communities from which they come (Lehman and Sanders 2007). African countries are increasingly deploying mHealth interventions using relatively simple mobile technologies and equipment (Vital Wave Consulting, 2011). Rwanda is one such example that has been an early technological adopter and has deployed the mHealth tool, RapidSMS-MCH, (hereafter RapidSMS) with CHWs (Ngabo et al., 2012). Because CHWs are most often the interface between the communities they serve and the periphery of the health system (DeRenzi et al. 2012) using mHealth tools may help them overcome many of the barriers they face in the field, such as lacking appropriate tools to provide services and collect data, and limited access to training and supervision (Braun et al. 2013). But empirical studies have shown that mHealth tools can either promote or hinder health workers’ efforts (Arvey et al. 2012) demonstrating the need to understand in what circumstances this mobility provides value (Baumgart, 2005). The aim of this study is to answer the question, What are the determinants of RapidSMS use by CHWs in rural Rwanda? Answering this question is important for various reasons; first, if technologies are going to be effective in improving health initiatives, they have to be utilized, and hence use becomes a precursor. Second, given the infrastructural constraints characteristic of most low-income countries, such as poor network connections (Patrick et al., 2008) and lack of electricity (McConnell et al., 2006), technologies may fall short of expectations or not run as efﬁciently as expected on the local platform (Maguire, 2014). Following from this, there is concern about use in the face of constrained resources. If technologies are not being utilized or are under-used by some segments of CHWs then there is presumably a waste of resources that would be better directed elsewhere.
Researchers have advocated for more research in the mHealth field, particularly in the sub-Saharan region, as well as a better reporting of lessons learned to help build a more evidence-based field of practice in mHealth surveillance (Brinkel et al., 2014; Braun et al., 2013). Most mHealth research investigates whether or not mHealth tools work (Labrique 2010). Most of this research focuses on evaluating health workers with higher levels of training (midwives, doctors) and those using higher-end phones or PDAs (Braun et al., 2013). Studies that evaluate determinants of mHealth projects deploying CHWs with lower- end phones fail to incorporate a theoretical framework (Shozi et al., 2012). Previous studies show that even when the underlying technology was adequate, a failure to address the social needs of the organization could result in an unsatisfactory outcome (Baxter and Sommerville, 2011). In an effort to bridge this gap this study employs a theoretical framework in evaluating the determinants of RapidSMS use and draws inspiration from the socio-technical theory. The aim is to identify the interaction between the technology itself, the people who use it and the organizational and environmental context in which it is embedded to offer a more comprehensive view of what best predicts the technology’s use (Shin and Jung, 2012). The basis of the socio-technical theory is that the social and technical sub- systems are interdependent and must be jointly optimized in order to determine the best overall solution for the organization (Bostrom and Heinen, 1977).
 
By adapting the socio-technical systems theory to the context of RapidSMS I identify specific hypotheses from the socio-technical literature. Using a quantitative approach, I then evaluate these hypotheses based on a survey with CHWs using RapidSMS in two Southern districts of rural Rwanda. This study does not purport to be a comprehensive evaluation of the Rwandan RapidSMS project but it makes three contributions to our understanding of mHealth: First, a combination of this user centric approach and the socio-technical systems theory affords this study the ability to identify the multiplicity of factors most likely to impact CHWs use of RapidSMS. Second, the study identifies possible factors contributing to the relative success of RapidSMS in rural Rwanda (Ngabo et al., 2012) and third, it identifies gaps that ought to be addressed in future mHealth research. This study reports the findings of those factors that were deemed most interesting, novel, counterintuitive- and not well established in the literature. The results of the study confirm that both the social and technical subsystems had mediating effects in predicting RapidSMS use. Technical characteristics (reminders and alerts) were by far the strongest predicting factors of use. The user characteristic, age, was found to have no apparent influence on utilization while program characteristics (training and supervision) did not seem to matter in facilitating use.
This paper is organized as follows: Section 2 provides a background to Rwanda’s community health program; Section 3 is the literature review of the socio-technical theory and discusses related hypotheses; Section 4 describes the methods used in the study; Section 5 provides the study’s findings and highlights the limitations of the study while offering recommendations for future research; and Section 6 provides the conclusion.
2  Rwanda’s Community Health Program
Rwanda was selected as the country in which to conduct this research in-part due its strong community health program and owing to the health gains 
 the country has made since the genocide of 1994 against the Tutsis that claimed the lives of as many as 800,000 people (NISR MoH ICF-International, 2012). Where Rwanda has made progress, it has been attributable in part to the major health sector reforms implemented in the country (including community based health insurance and performance based financing) 
 and the role of CHWs in bridging the workforce gap. The first line of service delivery is provided by over 45,000 CHWs operating at village level and include: (1) the ‘binomes’ (a male-female CHW pair) providing basic care; (2) CHW in charge of Maternal health
 (Ngabo et al., 2012). But Rwanda, like many other sub-Saharan countries, still faces many challenges: the national health system is yet to fully overcome the problem of too few trained and skilled health care workers (Bucagu et al., 2012). Maternal and infant mortality still remain high mainly due to the absence of midwives at the district level (Logie et al., 2008) and could be attributable to the fact that about one-third of pregnant women in Rwanda still deliver at home assisted by an unskilled birth attendant or unassisted (Bucagu et al., 2012). Furthermore, nearly one quarter of all Rwandans live more than 5 km from the nearest health facility and must walk for more than an hour to seek care (WorldBank and MoH Rwanda, 2009). The use of CHWs has relieved the workload at health centers and has reduced patients’ travel costs to reach health centers (MoH Rwanda, 2013).
CHWs in Rwanda use RapidSMS, a free software package used in many parts of the world, to track the pregnancy life cycle for a complete monitoring of the mother and newborn over the first 1000 days (ibid.). SMS alone has been proven to help bridge the communication gap in the health sector between health workers and patients, different managerial levels, and between the ministry of health (MoH) and facilities in the peripheral areas (Tamrat and Kachnowski, 2012). This technology can enable faster data collection which can then be uploaded directly to a centralized server (DeRenzi et al., 2011). Besides, mobile applications for data collection ensure that only valid data values are accepted which reduces the risk of transcription error (ibid.407). In Rwanda, RapidSMS is expected to result in improved access to antenatal and postnatal care; facilitate deliveries in a health facility; enhance emergency obstetric care; provide a database for keeping clinical records of maternal care delivery (Ngabo et al., 2012); and improve the hospital referral system through contact tracing, thereby facilitating emergency response (MoH Rwanda, 2013). 
3 Theoretical underpinnings and related hypotheses
The socio-technical approach has been widely accepted as the preferred method for computer-based system analysis and measuring the determinants of use (Berg et al. 2003). The theory proposes two main interdependent sub-systems namely the social and the technical. The social system analysis usually includes an investigation of four general areas: 1) individual needs, characteristics, and abilities of people in the work system; 2) internal work system characteristics; 3) external environment of the work system; and 4) support systems for that work system. In this study’s context, the social system is defined in two ways: User characteristics (include the age of the CHW) and program characteristics pertain to the external environment of the work system, hence those features which make particular behaviours possible (supports) and those which preclude or limit particular behaviours (Cooper and Foster, 1971). In particular, program characteristics in this study’s context relate to supervision and training offered to CHWs to facilitate RapidSMS use. The technical subsystem is concerned with ‘the processes, tasks, and technology needed to transform inputs to outputs’ (Bostrom and Heinen, 1977: 17). It includes the technical infrastructure and hence the platform on which the new system is hosted including the IT hardware, operating system software, network, reference materials and telephones (Maguire, 2014). For the purpose of this study the technical subsystem is defined by the infrastructural characteristics that support RapidSMS functionality and includes a two-way automated communication system that is facilitated by alerts and reminders.
3.1 Social subsystem
3.1.1 User characteristics
User characteristics are an important factor in shaping mobile device use (Sarker and Wells, 2003) and studies report age as inversely correlated with technology literacy (Sukums et al., 2014). At the same time the wider CHW literature reports age as a particularly crucial factor in being a caregiver in developing countries as older people gain the communities’ respect more easily than younger people (Shozi et al.,2012). In the literature, comments on CHWs age are less frequent, although mature age (between 20 and 45 years) and often married status are reported to be a criterion in a number of cases (Ofosu-Amaah, 1983). The effect of age on the use of technologies, especially its data features, has been acknowledged in prior literature (Sarker and Wells, 2003; Zhou et al., 2014; Ziefle and Bay 2005). But these studies have produced mixed results. A study conducted on people ages 20-35 versus ages 50-64 found that older people have a lower navigation performance when compared to younger people (Ziefle and Bay, 2005). Similarly, Zhou et al., (2014) observed in their study that younger adults were more willing to use new functions of a mobile phone as compared to their older counterparts. This finding is supported by Arning and Ziefle (2007) where they examined the difference between younger adults and older adults in requirements for mobile phones and acceptance of new functions. Older users struggled with the hierarchical menu of mobile phones and did not know where they were in the menu and where to press next (ibid.) This could be explained by the fact that older users’ mental model was shallower than that of younger adults making it difficult for them to memorize the menu interaction steps (Lee and Kuo, 2007). In other studies, age was found to have no influence on utilization of mobile technologies (Yu, Wu, Yu, and Xiao, 2006) while one study (Shozi et al, 2012) - (using a small sample that was not statistically significant) reported that in fact older adults (over 60 years old) were much quicker at entering data compared to their younger counterparts. Because CHWs tend to be older, a factor that is likely to impact technology use, I argue that,
H.1. Older CHWs will use RapidSMS less often
3.1.2 Program characteristics
Training and supportive supervision are important elements that can be instrumental in encouraging technology use. Given the low levels of information systems (IS) knowledge among rural health workers in Africa (Sukums et al., 2014) training can be a key facilitator of technology acceptance through its effect on computer self-efficacy (Agarwal et al., 2000). When staff are introduced to a new system, standard training and documentation should be given to all users to ensure that they can operate it effectively (Damodaran et al., 1986). A well trained multi-skilled staff team will be better placed to cope with any limitations in the system until they can be addressed by technical system updates or developments (Maguire, 2014). From a socio-technical perspective, training programs might be used to enhance creativity, expand technical knowledge, or sharpen decision-making and interpersonal skills (Teasley et al., 2012). Training that is related to technology is helpful in encouraging employees, both young and elder, to experiment with technologies hence reducing user resistance (Chen and Nath, 2008). Studies have shown that over time, sufficient training and practice can enable even illiterate users recognize certain prompts and words and are able to associate this with the content of the written text (Wall et al., 2015). But the same studies underscore that illiterate users do require additional and often separate training from literate users (ibid. 267).
There is a general consensus in the CHW literature that training is one of the weakest elements of CHW programs. CHWs are often selected without any prior experience or professional training in community health (Abbatt, 2005). Training on their tasks can range from a few days (Bender and Pitkin, 1987) to a period of three to six months (Campos et al., 2004; Leslie, 1985). But mobile phones are commonly used and are relatively simple devices, so training a workforce to use them should not be very difficult (VodafoneAfrica, 2005). It seems that the data entry is more fiddly than intellectually or technically challenging so the emphasis needs to be on making the user comfortable with the process – and hence make the technology user friendly. What may be more difficult is recruiting technical expertise and training workforce to develop, operate, and maintain knowledge based systems (Chan and Kaufman, 2010).
 
Previous evaluations of the CHW program in Rwanda reveal that CHWs often expressed a lack of adequate training coupled with insufficient knowledge of new interventions (MoH Rwanda, 2013). Because of the evolving nature of technologies, reports show that training for RapidSMS becomes costly every time there is an innovation (ibid.). But poor performance of CHWs is not solely due to a lack of knowledge and skills. As exemplified in one longitudinal study of CHW performance, it was found that although the first follow-up training intervention was successful, performance decreased after a second refresher training (Rowe et al., 2005). In another study, health workers received limited training, but they still believed they had sufficient knowledge (Ramachandran et al., 2010). These two situations could be explained by the limited ability for health workers to see the relevance of information that they had not encountered in real situations. It was never sufficient just to provide information. As one trainer said:
Just making the information available to the health workers by no means motivates them to use it. They need to know why to use it, how to use it, why it’s personally relevant, and where to utilize it. Only then will it be of any use to them. (Ramachandran et al., 2010: 1891)
Similarly, supportive yet firm – and fair – supervision is one of the most effective instruments available to improve the competence of individual health workers, and can build a practical integration of new skills acquired through on-the-job training (WHO, 2006). Many CHWs work alone in relatively remote areas, bringing care to people in their communities. Continuous supervision can diminish this sense of isolation as exemplified in other studies (Curtale et al., 1995). However, supervision is often among the weakest link in CHW programs (Lehmann and Saunders, 2007). The management and supervision of CHWs is challenging as their supervisors, ironically, may not have supervisory skills thus compounding the problem (Crispin et al., 2012). Furthermore, insufficient staff, both in quality and quantity to support supervision demands have been reported as a key challenge for the Rwanda CHW program with the consequence that some CHWs go many months without being supervised (MoH Rwanda, 2013). It is argued that incorporating technologies into CHW programs has the potential to improve supervision as they can address several of the challenges of supervision, including communication difficulties between supervisors and CHWs (De Renzi, 2011). For mHealth projects that entail data collection by CHWs, (such as RapidSMS) managers or supervisors should be positioned to provide real-time supervision and monitor work rate, attendance and working hours of the staff involved (Barrington et al. 2010). mHealth tools, in the hands of CHWs and committed supervisors, can facilitate real time supervision of teams of health workers that are geographically widely dispersed (Braun et al., 2013). 
Program characteristics seem to matter in encouraging technology use. But it is still unclear whether more training leads to better use of these tools. Given that training can facilitate technology acceptance, and ultimately encourage use, it is suggested that CHWs who receive more training sessions would make more use of the system. Evidence on how supervision influences mHealth use is still relatively weak. One would expect that, because RapidSMS enables supervisors to see the activity of CHWs, they would be positioned to offer support to those CHWs not actively using the system, and this in turn would encourage CHWs to use the system. Following from this argument, I argue that
 H.2. More training and supervision will lead to more usage of RapidSMS
3.2 Technical subsystem
The technical subsystem defines the technology itself; and includes mobile network coverage, communication mechanism (whether one way or asynchronous) electricity infrastructure and software (Manda and Herstad, 2010). The most essential requirement for mHealth interventions is that the information reaches facilities quickly and care is provided promptly when patients reach the health center or hospital (Vital Wave Consulting, 2011). The technical infrastructure is instrumental in shaping this capability.
In most  LMICs the technology adoption by health workers may be hindered by insufficient technical infrastructure (Ouma and Herselman, 2009). The importance of electricity for the success of mobile phone based interventions has been confirmed in the literature (Chan and Kaufman, 2010; Mwendwa, 2016). Similarly, the impact of network coverage on the use and adoption of mobile devices has been shown (Sarker and Wells, 2003). An automated communication system that supports two-way communication (DeRenzi et al., 2012) coupled with the importance of the technology to respond with immediacy due to the urgency of the circumstances is vital ( Ling , 2000) in specific mHealth interventions. This interactive model of communication gives rise to health related functions such as reminders or alerts (Chan and Kaufmann, 2009). The expectation of continuous availability and responsiveness associated with the mobile device (Sacker and Wells, 2003) is particularly relevant in the health care context where time is critical (Junglas et al.,2008). Time criticality, defined as the importance with which a task needs to be accomplished urgently (Gebauer, 2010) is relevant for mobile IS that allow for rapid feedback (Jarvenpaa et al., 2003) enable immediacy (Siau et al., 2001) and support emergency services (Krasovec, 2004). 
Providing feedback on work performance has long been known to have a positive benefit on worker productivity (Matsui et al., 1983). Studies show that such feedback ought to meet the language needs of the users (Wall et al., 2015) as language barriers can threaten the success of an mHealth intervention (Aranda-Jan et al., 2014). If users are not comfortable with the language the technology supports they can be reluctant to use it (Von Hellens et al., 2005) and may feel intimidated. mHealth projects have proven to be successful when they have been adapted to the local context and language (Odigie et al., 2012; Zurovac et al., 2012). 
The RapidSMS system works on the principle that a phone transmits information into a computerized recording and response system (MoH Rwanda, 2013). CHWs using the RapidSMS system are required to submit at least three reports/messages relating to a mother’s pregnancy cycle. The first report registers a pregnant mother onto the RapidSMS system during the first trimester once the mother has attended the first ante-natal clinic (ANC). The second message is sent around the 5-6th month of pregnancy, while the third report would ideally be sent upon delivery. For pregnant mothers who may encounter emergencies during the pregnancy period, a CHW sends a message to alert the health system. For a normal pregnancy, a CHW would be expected to send three messages for each mother under her care during the entire pregnancy period. Once CHWs send a message the system responds by sending a confirmation that the message has been delivered. If the response generated by RapidSMS is in the local language, I expect that;
H.3. Delivering automated responses in the receiver’s first language rather than English alone, will enhance usership.
Figure 1 summarizes the research model adopted in the present study. The model suggests a direct influence of selected social subsystem factors (age, training and supervision) and technical subsystem factors (communication mechanism) on RapidSMS use. Education levels, mobile network connectivity, electricity infrastructure and the number of mothers a CHW cared for during the month preceding the survey serve as control variables. The number of RapidSMS reports sent serve as a proxy for system use, and is the dependent variable. 
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4  Methodology 
In the present study, and consistent with Yuthas and Young (1998), I chose system use as the primary criterion variable to evaluate determinants of RapidSMS use. The usage definition most commonly employed in empirical research is that proposed by Robey (1979) - the extent and nature of use of an information systatem (IS). For this study system use is operationalized as the number of RapidSMS messages, also referred to as reports, a CHW reported sending successfully in May 2014. A message that is successfully sent is one that generates a positive automated response, such as ‘murakoze cyane’ in the local language Kinyarwanda meaning Thank you very much. The number of messages sent serves as a measure of how well the CHWs are using the system and in part provides support for the system’s success. But employing use as a measure of a system’s success has been criticized in the literature. It has been argued that the measure of IS success is not necessarily system use, but that benefits should flow from it. This can be explained by the fact that heavily used systems do not always guarantee success (Szajna, 1993). But in the case of the present study system use is measured only by the number of messages successfully delivered (those that generated an automated response). The assumption made in this study was that a CHW who did not receive an automated response upon sending a message/report would not report it as a message/report sent.
4.1  Data collection
The model presented in figure 1 was tested with CHWs for maternal and newborn health in two Southern districts of Rwanda (Huye and Nyaruguru). A total of 332 CHWs for maternal health in Huye and 508 in Nyaruguru were using RapidSMS at the time of this study. A random sample of 72 CHWs was drawn from this population from a list of CHWs obtained from their supervisors. A cross-sectional survey design was used for data collection and the questionnaire was made up of a mix of both descriptive and analytical questions made up of both Likert scale type questions of 1 (strongly disagree) to 4 (strongly agree) and dichotomous type questions. The questionnaires were self-completed and the core survey items represented a range of social and technological factors pertinent to the use of mobile technologies in low- resource settings. These factors were identified through the analysis of related literature on the socio-technical determinants of technology use (Sarker and Wells, 2003; Manda and Msosa 2012; Shozi et al., 2012). 
CHWs were asked about their age which was treated as a continuous variable while education level, treated as a continuous variable was measured in the number of years of formal education received. Program characteristics include training and supervision; CHWs were asked how many training sessions they had received on RapidSMS, treated as a continuous variable, and their ‘satisfaction with training’ was elicited using a Likert scale type questions 1 (strongly disagree) to 4 (strongly agree). CHWs were asked to indicate whether they are ‘regularly supervised’ using a Likert scale type questions 1 (strongly disagree) to 4 (strongly agree). Technical characteristics were based on the communication mechanism and included RapidSMS automated response/feedback and the language of the response. RapidSMS feedback was treated as a binary variable, and hence whether or not a CHW received feedback versus no feedback and the language of the feedback was treated as a binary variable, and hence feedback in English versus feedback in Kinyarwanda. Similarly, the number of mothers that a CHW had in her care during the month preceding the survey was treated as a continuous variable. On a Likert type scale, CHWs were asked to indicate their degree of agreement (4) or disagreement (1) in relation to having reliable mobile network connectivity, and being able to charge their mobile phones. The dependent variable was the number of RapidSMS messages/ reports that a CHW sent in May 2014, and this was treated as a continuous variable. 
At the time of this study CHWs had been using RapidSMS for a year and the study was conducted in the month of June 2014. Prior to the study informed verbal consent was obtained from CHWs with the option to opt out at any point during the study. Ethical approval was obtained from the researcher’s University research ethics committee and permission to conduct the study was granted by the heads of hospitals in the respective districts. 
4.2  Data analysis and Results
Data analysis included the use of negative binomial regression to measure the effect of the selected independent variables on the dependent variable. This type of model was the most suitable for this analysis as it does not assume an equal mean and variance and particularly corrects for over dispersion in the data, which is when the variance is greater than the conditional mean (Osgood, 2000) as was the case with the dependent variable.

 The results are reported through the Incidence Rate Ratio (IRR) as opposed to the regression coefficient. IRR represents the change in the coefficient in terms of percentage increase or decrease, with the precise percentage determined by the amount the IRR is either above or below 1. IRR=2 means that for every unit increase in x, the independent variable, the expected number of y (dependent variable) will double. Conversely IRR=0.5 means that for every unit increase in x, the expected number of y will be halved.
Descriptive results are listed in Table 1 and 2 and the findings relating to the 3 hypotheses derived from the socio-technical theory are presented in Table 3.
Table 1: Socio-demographics
	Characteristics
	% (n=72)

	District
Huye
Nyaruguru
	59.7 (43)
40.3 (29)

	Age in years
26-34
35-42
43-50
51-73
	20.8 (15)
30.6 (22)
27.8 (20)
20.8 (15)

	Education in years
1-6
7-13
	50 (36)
50 (36)

	Marital status
Married
Widowed
Separated
Divorced
	80.6(58)
15.3(11)
1.4 (1)
2.8 (2) 

	Wealth quintile
2
3
	19.4 (14)
80.6 (58)

	Occupation 
Subsistent Farmer
Other
	94.4 (68)
 5.6 (4)


Table: 2 Program and Infrastructure Characteristics
	Characteristic
	 % (n=72)

	Training on RapidSMS
None
One
Two
Three
	27.8 (20)
41.7 (30)
27.8 (20)
2.8 (2)

	Electricity at home
Yes
No
	10 (13.9)
62 (89.1)

	RapidSMS feedback
Yes
No
	 95(69)
 5(3)

	Feedback language
Kinyarwanda
English
	81.9 (59)
18.1 (13)

	Number of Messages sent
 0-10
11-39
	73.6 (53)
26.4( 19)

	Number of mothers cared for in May 2014
0-4
5-9
10-14
	38.9 (28)
48.6 (35)
12.5 (9)

	I am satisfied with training 
Strongly Agree
Partly agree
Partly disagree
Strongly disagree
	 50 (36)
 12.5 (9)
 1.4 (1)
36.1 (26) 

	Supervisor Assistance
Yes
No
	 97.2 (70)
 2.8 (2)

	I have no problems with network connections
Strongly agree
Partly agree
Partly disagree
Strongly disagree
	 55.6 (40)
13.9 (10)
 4.2 (3)
22.2 (16)

	I have no problems charging my phone
Strongly agree
Partly agree
Partly disagree
Strongly disagree
	 23.6 (17)  
 9.7 (7) 
 6.9 (5)
 59.7 (34)


Table 3: Findings relating to the hypotheses derived from the Socio-technical approach
	Messages Sent
	IRR
	Std. Err.
	z
	p>|z|
	95% Conf. Interval]
	

	
	
	
	
	
	
	

	Number of mothers a CHW cared for
	1.062004*
	0.026517
	2.41
	0.016
	1.011283
1.11527
	

	CHWs Age
	0.999349
	0.009121
	-0.07
	0.943
	0.981630    1.017388
	

	CHWs Education Levels
	1.172126***
	0.051534
	3.61
	0.000
	1.07535      1.277611
	

	Satisfaction with Training
	1.102563**
	0.041674
	2.58
	0.010
	1.023835     1.187344
	

	Network Reliability
	0.799534***
	0.050356
	-3.55
	0.000
	0.706686     0.904580
	

	RapidSMS feedback
	2.198201*
	0.761574
	2.27
	0.023
	1.11472      4.3348
	

	Feedback in English
	0.535033**
	0.111455
	-3.00
	0.003
	0.355683     0.804821
	

	Supervisor Assistance
	2.499138
	1.236844
	1.85
	0.064
	0.947378
6.592603
	

	Electricity Availability
	1.115102
	0.069154
	1.76
	0.079
	0.987475
1.259224
	

	Number of Trainings Received
	0.906186
	0.082854
	-1.08
	0.281
	0.757515
1.084038
	

	Constant
	1.13324
	0.794502
	0.18
	0.858
	0.286782     4.478067
	

	/Inalpha
	-1.475678
	0.249739
	
	
	-1.965159   -0.986197
	

	 Alpha
	0.228623
	0.057096
	
	
	0.140133
0.372992
	

	 Observations
	72
	
	
	
	
	


* p < 0.05, ** p < 0.01, *** p < 0.001
The expectation was that user characteristics (age and education), would strongly influence the number of messages sent. The IRR for age (0.99) suggests that age did not influence a CHWs ability to send messages. Education levels, however, measured in the number of years in school were highly significant (IRR= 1.17; p< 0.000) suggesting that for every additional year of education a CHW has, the rate of sending messages is expected to increase by 17 %, taking into account the control variables.
Program characteristics, training and supervision were expected to be highly influential in encouraging RapidSMS use. The results revealed mixed findings. CHWs reporting satisfaction with training were 10% times more likely to send more messages compared to those who did not (IRR=1.10, p=0.01). However, the number of trainings CHWs had did not influence utilization of RapidSMS as suggested by the IRR (0.90). Similarly, supervision, seemed to have no influence on the number of messages sent (IRR=2.49. p= 0.06).
 Technical characteristics seemed to highly predict RapidSMS use. An automated response from the system confirming a message delivery was expected to increase CHWs motivation to send more messages. The findings confirm this expectation and the result was significant (IRR=2.19; p=0.02) suggesting that CHWs who received an automated response from the system were 119 % times more likely to send more messages. Similarly, the language used to feedback to CHWs to confirm receipt of a message or alert them of a mother’s appointment was expected to affect their ability to use the system successfully. The result was significant (IRR=0.53; p=0.003) suggesting that CHWs who received an alert in the English language had a 47% chance of sending less messages as compared to those who received the alert in the local language. 
5 Discussion
The socio-technical theory suggests optimizing the social and technical sub- systems in order to determine the best overall solution for an organization (Bostrom and Heinen, 1977). This study applied this approach to understand the factors that best predict the use of a mHealth tool, RapidSMS, by CHWs. Only those factors that were deemed counterintuitive and not well established in the literature formed the basis of this discussion.
The results suggest that technical characteristics were by far the strongest predicting factors of RapidSMS use and hence instrumental in shaping the system’s capability. In particular, receiving an automated response was found to be hugely instrumental in facilitating use. The interactive model of communication supported by the RapidSMS system gave rise to reminders and alerts for CHWs regarding mothers’ appointments or confirming the status of a report that CHWs had sent (delivered or wrongly composed). This suggests that if the technology is working well, it will support CHWs to use the system. I argue that a CHW receiving a confirmation that a message has been successfully delivered considers this a sign of accomplishment, particularly if the CHW has been struggling with the system. If RapidSMS continually supports this two-way communication mechanism, it guarantees CHWs that they are connected to the RapidSMS system, an aspect that is likely to affect their motivation and self-efficacy and henceforth their use of the system. Various findings support the importance of automated responses in satisfying the user (Matsui, and Okada, 1983). 
Closely related to automated responses in this study is the language used in the alerts and reminders. CHWs often have little to no education (Lehman and Sanders 2007) and literacy demands imposed by mobile phone use have been well documented (Chan and Kaufmann, 2010). English appears to be the dominant language for most mHealth tools. RapidSMS clearly supports the local language Kinyarwanda, but from this study it became clear that there were instances when automated responses and alerts were sent (solely) in the English language. This study confirmed that those receiving automated responses or alerts in the English language would be negatively predisposed to use the system. The literature underscores the importance of the language to meet the users’ requirements (Aranda-Jan et al., 2014) and the results of this study confirm the importance of integrating the local language comprehensively into technologies being used by health workers with low-literacy levels. This is a finding echoed in other studies (Medhanyie et al., 2012) that explore the use of mHealth tools with CHWs.
 
The main user characteristic explored in this study was age, as it was expected to negatively impact RapidSMS use. However, age was found to have no influence on use; this means that older CHWs were not worse off than their younger counterparts in terms of using the system (sending messages/report). The literature revealed mixed findings in relation to age and technology utilization. Much of the socio-technical literature (Sarker and Wells, 2003; Ziefle and Bay, 2005) finds younger CHWs better able to navigate technologies compared to their older counterparts. For older adults the ability to utilize technologies may be compromised by issues such as visibility and inability to memorize menu interaction steps (Lee and Kuo, 2007). But in other studies older users seemed better versed with technology use (Shozi et al., 2012). What the empirical investigation of this study suggests is that given low-end mobile devices are easy to use, age will not impede their utilization. The mediating factor may come in the form of the experience, confidence and the fact that older workers tend to have higher status recognition in the community (Shozi et al., 2012), factors that may be instrumental enhancing confidence in using technologies amongst CHWs. From interviewing CHWs in the field, it is clear that being selected by the community makes them feel trusted and valued and moreover owning a mobile device is a source of prestige, and community recognition, as confirmed in other studies (Mwendwa, 2016). These factors, age notwithstanding, can provide CHWs with a sense of self-belief, enabling them to overcome the age barrier.
Program characteristics, which were regarded as training and supervision in this study, were expected to have a facilitating effect on RapidSMS use. This follows from the fact that the study group had low-levels of education; (90%; 65/72) had a primary school education only) and from the expectation that training and support can influence technology utilization. In this study program characteristics did not seem to matter. Training revealed mixed findings: when CHWs were asked about their ‘satisfaction with training’ more than half (62.5%; 45/72) expressed great satisfaction. However, the actual number of training sessions did not influence usage. This finding is unusual but not uncommon in other studies; Ramachandran et al., (2010) reported a similar pattern in a study with health workers, who in spite of receiving limited training, still believed they had sufficient knowledge. Most (69.5%; 50/72) CHWs in the current study received between one to two training sessions on RapidSMS and were then provided with a list of codes to explain how to use the system. Ramachandran et al., (ibid.) argue that it is not enough to provide health workers with information as they lack the capacity to see the relevance of information that they have not encountered in real situations. Increasing the number of instances of training may improve CHWs ability to interact better with the system. However, as has been shown in other studies frequent refresher training can negatively impact CHWs performance, particularly if it entails travelling far to attend training, thus taking away CHWs personal time (Gopalan et al. 2012). It will be beneficial if training on technologies is tailored to individual needs, and begins with the basics of how to use a mobile phone and then followed by how to send reports as most health workers do not have prior exposure to technologies. Again, given the evolving nature of technologies as well as the interventions that CHWs deliver, refresher training ought to be provided to upgrade the knowledge of CHWs. It is not enough to assume that CHWs will comfortably transition to upgraded technologies as they may lack the capacity to do so.
 
mHealth projects that entail data collection by CHWs may be positioned to provide real-time supervision (Barrington et al., 2010).The hypothesis regarding the effect of supervision was not supported in this study suggesting that supervision is not a key determinant of RapidSMS use. This finding is surprising given almost 95% (68/72) of the CHWs reported supervisor assistance when they experienced difficulties sending messages. One possible reason might be that the quantity and quality of the supervision offered to CHWs affected performance. The other explanation would be that the CHWs statements did not reflect the reality on the ground. Condo et al., 2014 study notes that CHWs in Rwanda often associate supervision with the handover of monthly reports to supervisors as opposed to guidance and supervision. The Rwanda CHW program in general faces challenges of insufficient supervisors to satisfy the supervision demands countrywide and CHWs may go for months without supervision. Whether this weakness extends to the supervision on RapidSMS, is not clear. Further research is needed to understand the ‘how’ and ‘what’ of supervision in the mHealth context, coupled with the quality and quantity of such supervision. 
5.1 Study limitations
Several limitations of this study must be considered. First, reliance on self-reported data, though common in other field studies may have affected the findings. Further research that uses actual data from the RapidSMS system is needed to expand on key predictors of the system’s success.
Second, upon analyzing the data, the author felt that there could be a possibility of the CHWs’ responses conforming to the perceptions of what should be an acceptable answer, particularly on questions that entailed support from supervisors. There is need for more research that employs a mixed methods approach to enable triangulation of findings. Additionally, future research may look at the influence of pregnant women’s perceptions on the use of such technologies, including the influence of crime in the areas that CHWs operate on mHealth use.
Third, this study was confined to CHWs responsible for maternal health, leaving out CHWs responsible for children under the age of five. Future research may look at predictors of mHealth use with this group of CHWs to provide a broader picture of the predictors of RapidSMS use in the Rwandan context. 
Overall, limitations notwithstanding, the study provides an important contribution to understanding the factors that predict the success of technologies used by CHWs and will provide valuable lessons relevant both to Rwanda and other LMICs deploying technologies with CHWs.
0
6  Conclusion
mHealth is seen as one solution that could help tackle the global shortage of human resources with the aim of improving health outcomes. The areas most challenged by a lack of human resources and poor health outcomes are predominantly the rural settings of LMICs. The ubiquity of mobile phones in these regions is seen as a game changer, as they offer the opportunity to communicate health information from the most remote parts of the country thereby alerting health facilities about emergencies and transmitting vital health data to health facilities. This study heeds the call from mHealth researchers for more evidence based research (Brinkel et al., 2012) by evaluating determinants of mHealth use in a rural setting. Particularly, the study sought to fill some of the gaps highlighted in the literature by evaluating mHealth use with CHWs that were using low-end mobile phones. The use of a theoretical approach in the present study is in line with a call on mHealth researchers to incorporate theories in mHealth evaluation. The socio-technical theory was well suited for the present study for one main reason: The adoption and use of mobile devices is influenced by a range of factors articulated within the socio-technical theory and supported in this study. Although this is a small study confined to two districts in one country it provides some valuable lessons to implementers and evaluators of mHealth projects. By applying a socio-technical lens to evaluate a mHealth project, this study reiterates the importance of adopting a ‘holistic’ approach to both implementation and evaluation of mHealth. Although some of the findings in this study were consistent with the propositions in the literature, it became clear that what may be considered a predictor of mHealth use in one setting may be less important in another. This illustrates the need for a thorough exploration of the socio-technical factors in each setting prior to implementation of technologies to encourage use, improve health worker performance and ultimately health outcomes. 
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Figure 1: RapidSMS use model in a socio-technical context
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� The infant mortality ratio decreased from 86 per 1000 live births in 2004 to 50 per 1000 live births in 2010, and the under-five mortality ratio declined from 152 to 76 per 1000 live births over the same period (NSRI 2012). The maternal mortality rate as assessed in 2005 was 750 per 100,000 live births (INSR and ORC Macro, 2006) and has been decreasing since then to 486 per 100,000 (NSRI 2012). However, neonatal mortality remains of concern, as it hardly decreased since 2007 (28/1000 live births in RDHS 2007 and 27/1000 live births in NSRI 2012).


� Rwanda’s community based health insurance-the Mutuelle de Sante, —has been in place since 1999 and has increased coverage to include all provinces. Performance based financing for health workers is an initiative that links measurable indicators with financial incentives for health workers who are paid according to their actual performance, rather than fixed bonuses (MoH Rwanda, 2013).


� The CHW activities in the community consist of identifying pregnant women, making regular follow-ups during and after pregnancy and ensuring deliveries in health facilities and by skilled health worker (Ngabo, 2012).


� I measured the appropriateness of the negative binomial relative to the Poisson model and found that


The number of RapidSMS messages 0 to 39 with a mean of 9.11 (variance of 57.45) and a median of 3.00. Because the variance was nearly seven times greater than the mean, the negative binomial regression model provided an improved fit to the data and accounted better for over dispersion than the Poisson regression model, which assumed that the mean and variance are the same.
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