
VU Research Portal

Diagnostic and clinical decision support systems for antenatal care: is mHealth the
future in low-resource settings?
Abejirinde, I.O.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Abejirinde, I. O. (2018). Diagnostic and clinical decision support systems for antenatal care: is mHealth the
future in low-resource settings? [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/9b09d64c-2eee-4a0c-9e30-21b655dcb25a




The roots of great innovation are never just in the technology itself. They 
are always in the wider historical context. They require new ways of seeing. 
~David Brooks
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Part 3 - Reflections: from potential to reality

This thesis aimed to gain insight on the effect digital innovations have on 
the quality of ANC in low-resource settings, and its implications for practice. 
Building on the promise that diagnostic and clinical decision support systems 
hold in this regard, the thesis posed an overarching question:

What is the influence of mHealth, specifically diagnostic and clinical decision 
support systems, on the quality of ANC and what are the implications for future 
ANC strategies?

Three sub-questions were answered using three research streams: theoretical, 
empirical, and critical reflection, and findings were presented in part two of 
the thesis. Diagnostic and clinical decision-support systems as mediators of 
quality ANC were explored in Chapters 4 and 5. The influence of mHealth 
on health workers’ performance (Chapters 6 and 7) and women’s experience 
of care with diagnostic and clinical decision support systems (Chapter 8), 
were also addressed. By synthesising evidence from literature in chapters 4 
and 6, identification of theoretical explanations underlying the promising use 
of mHealth, that is, the first thesis objective, was accomplished. Empirical 
evidence related to the second thesis objective, to investigate how diagnostic 
and clinical decision support systems influence antenatal care was presented 
in chapters 5, 7 and 8 using the B4M case study.

I started this thesis with the pregnancy experience of twenty-eight years old 
Mariama who was sent home and scheduled for follow-up ANC visits despite 
high blood pressure readings. On a visit where the use of B4M, a diagnostic and 
clinical decision support device reported a BP of 150/102mmHg, the attending 
midwife made no referral or management action and again scheduled her for 
the next visit. Mariama was not referred to the district hospital to be managed 
for pre-eclampsia until her fourth ANC visit at almost 40 weeks gestation.

This chapter starts by telling the rest of Mariama’s pregnancy journey and builds 
upon the critical reflections presented in the discussion sections of Chapters 
4-8 in order to return to the overarching thesis question. Next, answers to 
each research sub-question are briefly summarised and where possible, 
integrated through the lens of Mariama’s experience and the research streams. 
Implications for theory and practice are discussed and the thesis concludes 
with methodological reflections.

9.1 The end of Mariama’s pregnancy experience

Mariama was referred to the district hospital to be managed for pre-eclampsia 
on her fourth ANC visit, at least four weeks too late. Unfortunately, she did not 
comply with referral instructions until three days afterwards. By the time she 
finally arrived at the district hospital, neither mother nor child could be saved. 
Mariama’s reasons for referral non-compliance included lack of finances, her 
obligation to return home and secure her husband’s consent in accordance to 
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cultural norms, outstanding bills at the hospital and poor quality of care in past 
experiences- documented explanations for referral non-compliance in this 
setting [1]. In the absence of a functioning ambulance at the health facility on 
the day she was referred, her immediate transfer to the district hospital could 
not be arranged. Even if present, she could not afford the ambulance service 
fee of 60 Ghanaian Cedis (USD $12.5).

Although Mariama had attended ANC visits and had been assessed by a midwife 
both with and without the use of a diagnostic and clinical decision support 
device, she slipped through other gaps in the health system that the promise 
of mHealth could not bridge. Through the lens of her pregnancy experience, 
a number of the issues on which this thesis is based are evident- implications 
of (non)-use of B4M, challenges with ANC service delivery and health workers’ 
performance, and the demand-side limitations to service utilization and referral 
compliance.

9.2 What is the evidence on the use of mHealth, specifically 
diagnostic and clinical decision support systems, in low-
resource settings?

Findings showed that the success of diagnostic and clinical decision support 
systems like B4M is dependent on a multiplicity of factors. In Chapter 4, the 
theoretical stream unveiled individual, systemic, and technology-related 
factors that influence the potential of clinical decision support systems to 
improve quality of care in low-resource settings [2]. Health workers generally 
showed a welcoming attitude towards digital innovations and expect clinical 
decision support systems to increase their work efficiency, accuracy and to 
ease administrative burdens. However, these devices have an unintended 
consequence of increasing workload and duplicating workflow processes 
as revealed both in literature and the B4M experience, which promotes their 
non-use [3]. Importantly, dilemmas may occur when the expertise of decision-
support systems conflicts with the knowledge and expertise of health workers 
especially lower cadre staff.

Generally, the motivation to initiate mHealth use is primarily emotional as a 
result of the novelty effect [4]. To be sustained and integrated into routine use, 
initial and refresher training of users, technical and supervisory support, trust 
in decision recommendations and well-resourced health systems were found 
to be necessary (Chapter 4). Evidence from the theoretical stream on quality 
improvements via mHealth was sparse, with some indication that to a limited 
degree, decision support systems can improve client satisfaction, provider 
adherence to guidelines and overall technical performance. The identified 
limits of digital innovation for quality of care were explained by deficiencies of 
the health system context in which they are introduced [5, 6].
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The empirical stream further queried the viability of diagnostic and clinical 
decision support systems by assessing usage behaviour and referral 
recommendations in the B4M project (Chapter 5). Notably, B4M proved that in 
low-resource settings, point-of-care diagnostic and clinical decision support 
systems can expand access to services at the peripheral level and save cost and 
time by reducing unnecessary diagnostic referral for anaemia, hyperglycaemia 
in pregnancy and pre-eclampsia to distant sites. However, diagnostic referral 
was still necessary for other tests required by the Ghana Health Service (GHS) 
screening protocol such as syphilis and hepatitis B, which were not covered by 
the device. Although the protocol requires these tests to be conducted during 
ANC, not many peripheral facilities are equipped to do so [7].

Descriptive analysis of the B4M database showed that the device was used 
in both peripheral and referral level sites even where diagnostic alternatives 
existed, but screening compliance (i.e. regular use of the device), completeness 
(i.e. conducting all tests per visit) and consistency of use (i.e. at every ANC visit 
per woman) was low. Extremes of adoption behaviour (ranging from 1.5 to 9 
months) and the wavelike usage pattern of peaks and dips over the 10-month 
period revealed that the enthusiasm of health workers for device benefits and 
technological novelty did not translate to sustained engagement over time 
(Chapter 5).

Contextual differences, implementation strategy, the disposition of users and 
beneficiaries, as well as the technical and operational features of the device 
were prominent in influencing project success. Implementation and monitoring 
gaps in B4M were evident from missing data and usage errors that were not 
promptly recognised and sufficiently addressed by the project team. Although 
most components were automated, a major design constraint of B4M was that 
its diagnostic and decision support capabilities largely relied on manual data 
entry, which was marked by errors and low completeness. Data entry errors 
pose a significant challenge with ICT use in users with low prior education and 
dexterity [8]. While the coverage of digital devices has improved in LMICs, users 
are more skilled with voice calls and SMS than the procedural complexities of 
data entry and navigating a decision-support system [9]. As a result of this and 
because data generated by B4M was not linked to the referral facilities, we 
could not confirm if health workers communicated the referral decision of the 
device to pregnant women and if women complied with referral.

Although the B4M device was to be used to monitor women from first visit 
till delivery, the case study showed that the device was not consistently or 
systematically used for all ANC consultations attended by each beneficiary. 
Findings in Chapter 6 also showed that newly detected referral indications were 
revealed on the second or third B4M consultations. As an improvement on its 
earlier four-visit model of focused ANC from the 1990s, the WHO released new 
recommendations in 2016 promoting eight active contacts between pregnant 
women and providers [10]. There are valid concerns about the feasibility, 
financial and workload implications of the new strategy, but by promoting 
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more frequent contact it increases the chances of detecting and monitoring 
maternal morbidities enabling a more preventive approach to care. If B4M had 
been appropriately and systematically used for all visits as expected, Mariama’s 
pre-eclampsia may have been caught earlier. However, the time efficiency of 
mHealth was a bigger concern for both women and health workers; compared 
to the usual practice, clinical decision support systems can be disruptive to 
workflow and take a longer time, leading to resistance or incomplete use 
[3]. It is therefore imperative that all actors are involved in recognising the 
usefulness and importance of new innovations and the indirect opportunity 
costs demanded [11]. This can be discussed in the design and launch phases 
and will often require patience, ownership, the re-distribution of roles and 
workflow re-alignment [12].

In conclusion, addressing this question showed that evidence from the 
theoretical stream was mostly confirmed in the empirical stream. The B4M 
intervention improved access to ANC screening and decreased unnecessary 
referral for pregnant women, hereby promoting quality ANC with limitations. 
There was no evidence that its promise to bridge the gap of weak and inefficient 
referral linkages and low referral compliance (Chapter 2, Table 1) was realised.

9.3 How does mHealth, specifically diagnostic and clinical 
decision support systems, influence the performance of 
maternal health workers in low-resource settings?

The theoretical stream of inquiry led to the development of a three-stage 
framework mapping the contextual factors that trigger mechanisms related 
to maternal health worker performance using mHealth (Chapter 5). It 
importantly confirmed that evidence on how mHealth improves performance 
in low-resource settings is mostly anecdotal, revealing important gaps in the 
domain. Nevertheless, I-C-A-M-O (intervention-context-actors-mechanisms-
outcome) configurations were identified for three pre-performance outcomes. 
Mechanisms supporting adoption (O) were usability (M) and empowerment (M), 
third party recognition (M) made users feel supported and motivated to utilize 
(O) mHealth, while empowerment (M) was the main explanatory mechanism 
for improved competence (O) of maternal health workers (A) using mHealth.

The key scholarly contribution from the theoretical stream is that the 
magical promise of mHealth for maternal health workers performance in 
low and middle-income countries is yet to be optimized because evidence 
is concentrated on the adoption and utilization phases [13, 14]. Furthermore, 
the reality that contextual fit matters for its success seems to be ignored [15]. 
The realist review uniquely shed more light on the importance of context; task 
alignment of digital innovations within a health system that has the necessary 
resources to ensure that HCW can take appropriate action is a pre-requisite for 
performance and the quality of maternal care. This does not exclude the role 
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that individual dispositions of users play; the curiosity and self-efficacy of some 
users motivates adoption, while others, usually older users are more disposed 
to resist [16].

The potential of diagnostic and clinical decision support devices to improve 
some elements of the process of quality ANC was however established under 
the empirical stream (Chapter 7). Knowledge from the theoretical stream 
was harnessed to reframe expectations of the B4M consortium and to guide 
evaluation of the intervention - focusing on the adoption and utilization of the 
B4M as a first step towards its anticipated impact on performance. Theoretical 
insights further informed the initial program theory of B4M which was tested in 
the empirical stream. Because there was no statistically significant difference 
between low and moderate B4M usage clusters of health facilities, with 
respect to health workers perception of B4Ms’ usability (Chapter 7, Table 3), it 
was relevant to explore the ‘how’ of B4M adoption and utilization by carrying 
out a theory-driven evaluation. Through realist evaluation, usage variation was 
explained by the extent to which suppressive or supportive mechanisms were 
manifested in the context of the seven health facilities from the case study.

We found that mechanisms played out at multiple inter-related actor levels, 
ultimately guiding how health workers responded to the intervention. At the 
level of B4M users (A), novelty (M), transactional value (M), empowerment (M), 
self-efficacy (M), adaptive response (M) and ownership (M) were the identified 
mechanisms. At the level of pregnant women beneficiaries (A), negative 
reactions to time delays (M) and recognized expertise and trust in HCW (M) 
were identified. At the supervisory level (A), recognition (M), support (M) and 
ownership (M) from respected authority figures. At the peer level (A), the 
bystander effect (M) was the main mechanism, and at the programmatic level 
(A), ownership (M) and recognition (M) from project implementers.

The empirical stream therefore helped identify additional actors beyond 
health workers and pregnant women whose response to the B4M intervention 
influenced adoption and utilization outcomes. Interestingly, although 
theoretical reflections on the technology acceptance model by Venkatesh 
and Davis suggests that the third-party effect only holds true in contexts of 
mandatory technology use [17], our case study showed that the mechanism 
was triggered in both authoritative and democratic supervisory contexts 
(Chapter 7). While multiple actors as well as contextual elements played a role 
in how efficiently B4M could support the provision of quality ANC, our findings 
indicate that the expectation of success was unfortunately mostly borne by 
health worker users and their disposition to incorporate the device for routine 
use in health facilities with participative (C

2
) or authoritative supervision (C

2
).

Evaluation revealed mis-alignment between the intervention context vis-à-
vis low human and clinical resource capacities and the aim of B4M to ensure 
not only early detection, but also timely referral and appropriate management. 
Although health workers reported that B4M was useful and necessary for 
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their work, because it took a long time to navigate all its components, users 
sometimes limited B4M consultations to the quick and easy components such 
as the haemoglobinometer and the blood pressure component. The design of 
the device to make referral recommendations only when all required diagnostic 
information was complete had negative consequences for the quality of care 
[18]. When Mariama’s blood pressure was manually measured (i.e. without the 
B4M device), although her blood pressure was elevated, no follow-up test or 
referral action was taken, likely due to oversight and low competence on the 
part of the health worker. Conditions in which health workers are overworked 
and stressed- a situation typical to most B4M intervention sites, could lead to 
their missing key indicators for action even after repeat visits (Chapters 4 and 
7). Hence, although Mariama was screened with the device on one of her ANC 
visits, it was a partial consultation; the health worker did not use the urinalysis 
component, and therefore did not receive a referral decision to refer her for 
pre-eclampsia even though her blood pressure was dangerously elevated. 
This professional lapse in judgement, led to Mariama being sent home without 
appropriate care.

Summarily B4M had a beneficial and sometimes indirect influence in 
strengthening the process of care. Through skills gained and the ability to 
provide routine services at the point-of-care, it supported HCWs to deliver 
quality antenatal care and boosted their confidence as promised. Contrarily, 
reliance of workers on B4M as an expert decision-maker had negative 
consequences on the quality of care. Findings from the case study also raised 
questions about the expectation that users were required to invest time, energy 
and resources into altering their practice for a short-term pilot, manifesting in 
low ownership of the intervention.

In conclusion, the influence of B4M on health worker performance for quality 
ANC was limited to partial decentralized screening, pregnancy education and 
counselling but did not necessarily extend to adequate and timely detection 
and effective referral of high-risk pregnancies.

9.4 How do pregnant women experience mHealth, specifically 
diagnostic and clinical decision support systems for ANC, in 
low-resource settings?

Only the empirical stream of the thesis was employed in addressing this 
research question. Reports from health workers and pregnant women 
who were exposed to B4M showed that in addition to increasing trust and 
confidence in health service delivery and women-provider relationships, the 
device influenced the process of care by improving the execution of activities 
that are previously overlooked such as patient counselling and complete 
physical examination (Chapter 8). By prompting education and counselling 
during ANC, our results showed that B4M enhanced the interpersonal process 



182

Part 3 - Reflections: from potential to reality

of care and improved women’s experience of ANC, with improved access to 
services at the peripheral level. Strengthened woman-provider relationships 
and communication mediated by device was also believed to facilitate trust 
in diagnostic recommendations and referral compliance, which could impact 
their overall maternal health seeking behaviour. However, in the absence of a 
pull effect, the project hypothesis that POC screening would increase demand 
for and utilisation of ANC services was voided. Other studies have however 
reported increased service utilization due to mHealth [19].

In the era where woman-centred care and increased involvement in shared-
decision making (i.e. women engage with providers on decisions regarding 
their health) is being promoted, findings showed that ANC attendees were 
more interested in the time efficiency of the care pathway and assurance of 
a healthy status. In Chapter 8, women from poor backgrounds and with low 
literacy were usually passive participants in the care process and the level of 
engagement during B4M consultations was higher in educated beneficiaries 
[20]. Awareness of the benefits or value of B4M therefore did not necessarily 
translate to women’s engagement with it. This could also be because while 
technology may increase the level of interpersonal engagement on one hand, 
it could also be a barrier and lead to missing non-verbal cues by “automating” 
communication and counselling during ANC [21]. From Chapter 8 therefore, 
it is evident that beneficiaries’ engagement with mHealth is not yet at the 
level that fosters shared decision-making in LMICs. Albeit a single narrative, 
Mariama’s experience suggests that trust and confidence in provider’s 
expertise is not sufficient to ensure referral compliance. It is also likely that 
when Mariama received the referral instructions for pre-eclampsia, the severity 
and implications of her condition were not effectively communicated.

9.5 Contributions of Theoretical findings to Research 
framework

Thesis findings provided additional insights that shaped our understanding of 
how and in what way mHealth, specifically diagnostic and clinical decision 
support systems could bridge the ANC quality gap. The framework developed 
under the theoretical stream (Chapter 6, Figure 3) revealed that mHealth does 
not simply function as an innovation bridge between the supply and demand 
sides of maternal care as depicted in the research framework (Chapter 2, 
Figure 2). Rather, it additionally influences the process and outcome of 
quality maternal care by interacting with characteristics and resources within 
the context (C) of the health system and health facilities. It further stretches 
its reach to the structure of quality maternal care by introducing a layer of 
contextual complexity (I) through its design and implementation modalities 
(e.g. infrastructural support, training, technical components) and by modifying 
the way in which services are provided (Figure 1).
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Figure 1 - mHealth-actor-context interactions for quality ANC

Unlike the WHO framework for the quality of maternal and newborn care [22], 
which was not developed with mHealth in mind, our findings provide evidence 
to justify an embedded interactive framework where quality ANC is the over-
arching goal (Figure 1). Although it was not explored in the realist review, while 
health workers were the primary mHealth users in reviewed interventions, 
mechanisms triggered in pregnant women (A) also play an important role 
in the mHealth-performance-quality care cycle (Chapter 6, Figure 3). The 
realist evaluation in Chapter 7 further confirmed that influential mechanisms 
are triggered in other actors from multiple levels that ultimately affect user 
responses. That is, facility supervisors and other health workers (from the 
health context), and program implementers (from the intervention context). 
This finding emphasised that multiple perspectives are required in innovation 
even if they are not directly engaged with the technology [23]. Broken lines 
in the framework are used to denote active interactions between ‘layers’ and 
‘actors’. The immediate intervention outcomes of adoption and utilization are 
left at the core of the framework without which the translation of the promise 
of mHealth to influence health workers’ competence and performance cannot 
be realised. Competence and performance outcomes could not be fully 
explored in the thesis but are included with the end goal of woman-provider 
contact and quality ANC in mind.
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9.6 Implications for Practice

This thesis identified some of the benefits and challenges related to the use 
of diagnostic and clinical decision support systems for quality ANC in low-
resource settings. Essentially, while the empirical stream showed that B4M 
improved the process of quality ANC resulting in proximal outcomes such 
as decreased unnecessary referrals for 708 women (Chapter 5), improved 
confidence of health workers in their decision-making (Chapter 7) and the 
trust of women in the care they received (Chapter 8), the device could not by 
itself deliver the solutions necessary to completely bridge the identified gaps 
in quality ANC. The theoretical stream showed that the promise of mHealth 
for quality maternal care in LMICs is currently stagnated in the adoption and 
utilization phase. Theoretical insights were drawn from Rogers theory on the 
diffusion of innovations [2], the fit between individuals, task and technology 
framework [17], technology acceptance model [14] and Bandura’s self-efficacy 
theory [24]. Common to these theories was an understanding that mHealth 
is unable to improve the quality of care if it is not understood to interact 
with the social and structural systems in which it is embedded [25]. In our 
case study, individual motivation and self-efficacy, enabling resource and 
supervisory contexts, third-party influence and innovation alignment to task 
and organisational structures, were all found to influence the success of the 
diagnostic and clinical decision support system.

In Chapter 2, the promises of digital innovations such as B4M were linked 
to eight anticipated outcomes related to quality ANC (Chapter 2, Table 1). 
B4M realised four of these promises to a limited extent- improved access 
to ANC services by decentralising care; supporting task-shifting; decreasing 
unnecessary referrals and improved interpersonal process of ANC. Its effect 
on enhancing the decision-making skills of workers is mixed, while proximal 
outcomes on referral compliance and timely detection and management 
of high-risk pregnancies could not be ascertained (Chapter 3, Figure 3). 
Anticipated increase in the demand and utilization of ANC was not realised in 
the case study.

Our findings show that the solution to the complex challenge of quality ANC 
is not as simple as placing digital innovations in identified areas of need. In 
addition to detailed findings and corresponding reflections presented in 
Chapters 4-8, a critical reflection on the implications of mHealth, specifically 
diagnostic and clinical decision support systems as a future strategy for quality 
ANC in low-resource settings can be discussed in six considerations: validity 
and reliability, task-shifting, decision making conflicts, technical and ethical 
considerations, referral linkages, and the role of enabling health systems. Key 
implications are summarised in the textbox below and further on discussed.
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9.6.1 Validity and reliability of point-of-care diagnostic tools
With the rising burden of non-communicable diseases in LMICs and closer 
attention being paid to maternal morbidity, B4M was designed to enable early 
detection of pre-eclampsia, gestational diabetes and anaemia. A drawback 
however, was that the biochemical basis of the screening model using test 
strips was more appropriate for detecting glucosuria than gestational diabetes. 
This brings to fore questions about the validity and reliability of point-of-
care diagnostic tools as an alternative to standard diagnostic laboratories in 
under-resourced settings [26]. If POC tools are highly sensitive, false negatives 
are reduced and there is a higher chance that all women needing diagnostic 
assessment are referred. While the use of test-strips is easy and cost-effective 
in low-resource settings like Ghana, maternal risk factors such as advanced 
age >35years, prior history and obesity are more often used as a screening 
parameter [27]. This can then dictate the need for diagnostic tests such as 
fasting plasma glucose and oral glucose tolerance tests that are not usually 
conducted in rural peripheral facilities [28]. To avoid being just another flashy 
gadget, POC diagnostic tools should be implemented only if their use is 
necessary, results are trustworthy and the advantage of conducting screening 
at the peripheral level cumulatively outweighs other alternatives that require 
diagnostic referral [26, 29].

• To ensure accuracy in decision making, diagnostic and clinical decision 
support devices must be reliable and valid.

• Lower cadre workers are optimal users of diagnostic and clinical decision 
support devices, but require regular supervision and support.

• Diagnostic and clinical decision support devices are effective when used 
by health workers with adequate clinical training and competencies.

• By encouraging user autonomy, introduction of diagnostic and clinical 
decision support devices could disrupt interprofessional collaboration.

• Device designs should be modified to accommodate contextual 
nuances. One approach is to promote the design and deployment of 
locally designed technologies.

• Implementers must pay closer attention to how innovations support or 
compromise data privacy.

• Interventions that aim to strengthen referral linkages should not only 
ensure secure data transfer, but should include all levels of the referral 
system while ensuring that referral decisions are actionable.

• In order to strengthen the quality of care, sociocultural and other 
limitations to referral compliance by pregnant women must be 
addressed.

• The potential of digital innovations for quality care will not be realised if 
the ICT skills of target users lags behind.

• The promise of mHealth is dependent on the extent to which it is situated 
within an enabling environment.

• Multi-stakeholder engagement in the pre-implementation phases is 
necessary for sustained mHealth adoption and utilization
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9.6.2 Task-shifting with mHealth
Because digital technologies are currently developing at a rate that outpaces 
other infrastructural development in LMICs, their potential to enable task-
shifting, close access gaps and improve the quality of the demand and supply 
of maternal care in line with evidence-based practice, is crucial. Although task 
shifting has been documented as a cost-effective strategy for the supply side 
of quality care [30], the B4M experience shows that task shifting by decision 
support devices requires an adequate skill-mix of staff, that decisions are 
actionable and users are regularly supervised and supported (Chapters 5 and 
7). Our findings showed that although the device was intended for use by 
midwives, because of resource limitations and low numbers of highly skilled 
workers, the promise of B4M was better realised when its use was assigned to 
lower cadre staff, allowing midwives focus on other maternal care tasks. This 
had an additional benefit of improving the confidence and professional status 
of lower cadre workers.

Task shifting is a powerful motivator for lower cadre staff because tasks 
otherwise considered too routine and less complex for more experienced 
workers could be interesting and validating for them [30]. As such, they may 
carry out these roles better than higher cadre users who also tend to be older and 
less ICT- savvy. In order to deal with training attrition and low usage behaviour 
in health facilities, additional training was therefore conducted specifically for 
lower cadre workers (such as health assistants, community health workers) 
to use B4M and assist midwives in ANC consultations. This implies that lower 
cadre workers are ideal target users in future similar interventions but should 
not be expected to absorb these roles and perform effectively in the absence 
of motivation, opportunities for professional development and supervisory 
support.

9.6.3 Decision-making conflict: mind-lines versus e-lines
On Mariama‘s mHealth-mediated ANC visit, because the urinalysis component 
of the device was not applied, the decision algorithm of B4M returned this 
summary: “Warning- incomplete data, no pre-eclampsia advice possible. 
Decision support advice- no action required” despite noting that her BP was 
150/102mmHg. Unknown to the user, the decision algorithm of B4M was 
designed to function on an all or none rule; in order to deliver a diagnostic 
decision, results of all tests must be available. However, because the midwife 
was totally reliant on the referral recommendations provided by the device, her 
clinical skills and experience (i.e. mind-lines) did not override the rule-based 
algorithm of B4M (i.e. e-lines) for decision support.

Although an isolated case, from Mariama’s experience, we could infer that 
counter to its intentions the devise had a risk of lowering the quality of care by 
decreasing the performance of health workers as a result of their dependency 
on it. While on one hand it is important for users to trust the validity and 
accuracy of these devices, studies have shown that decision making conflict 
also occurs in more experienced HCWs [31]. Our case study revealed that 
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the expertise of the technology was oftentimes valued above the clinical 
experience and knowledge of health providers, which other authors have 
noted poses a significant threat to the quality of care [32, 33]. Where the B4M 
decision was ‘referral recommended’, health workers were expected to decide 
course of action based on their clinical judgement and experience. Health 
workers’ competency for operating technological devices and their expertise 
for clinical work therefore needs to go hand-in-hand. Where the experience 
and clinical judgement of a lower cadre worker is insufficient, the presence 
or access to competent personnel who can guide decision-making becomes 
necessary when conflict arises between mind-lines and e-lines. Emphasis on 
the promise of technology should therefore focus on its supportive role rather 
than an authoritative role.

Furthermore, users lauded the decision-making capacity of B4M because it 
reduced their reliance on peers and gave them a sense of decision-making 
autonomy. This could negatively affect strategies to support inter-professional 
team based care and hinder health workers from seeking a second opinion 
when necessary. mHealth should therefore not be deployed in ways that disrupt 
the skills-mix and dynamic of interprofessional relationships and collaboration 
within the health setting.

If the default is to act on the recommendations of mHealth without reading 
between the lines, another unintended consequence could be over-referral 
driven by uncertainty and fear, eroding the trust users have in their own skills 
and experience [33]. Follow-up conversations with health workers in our 
study about over-reliance on the device revealed fears and low confidence 
in their decision-making capabilities. The underlying problem therefore is the 
lack of adequate training (pre-service or in-service) in maternal health care 
and low problem-solving skills to manage clinical dilemmas. Users must 
therefore be made aware of the limitations of technological devices especially 
at the prototyping phase and the availability of decision-support technologies 
should not be an excuse to ignore providing opportunities for the professional 
development of workers.

9.6.4 Technical limitations and the Ethics of mHealth
Significant barriers to the success of digital innovations in low-resource settings 
include technical challenges encountered [26]. Such challenges are sometimes 
innate to the technology itself e.g. failure of components, parts that need to be 
replaced or are aggravated by the contexts in which that are introduced e.g. in 
reaction to heat and dust exposure. While no technology is fail-proof, there is a 
need to more attention to the higher risk of operational failure in low-resource 
settings and to modify device designs to accommodate contextual nuances. 
Most mHealth devices are designed and developed in high-income counties 
and transplanted to low and middle-income countries in a top-down manner 
and where the climate, context and available resources are not supportive 
[26, 29, 34]. Although B4M was designed to operate without electricity for up 
to seven hours when fully charged, the project was constrained by lack of 
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finances to incorporate a solar panel and mitigate poor electricity supply in 
project sites. This meant that reliance on B4M benefits would be compromised 
during an emergency if the device is not charged for use.

The paternalistic top-down approach to global health innovation where high-
income countries decide and impose solutions in low-income countries can 
result in more harm than good and should be discouraged [35, 36]. With an 
acute awareness of the infrastructural barriers in low-resource settings, our 
recommendation is that locally designed technology, which can be better 
aligned to contextual realities, be promoted. The technology space in sub-
Saharan Africa is rapidly expanding with many applications being designed 
and deployed by home-grown start-ups. This presents an opportunity to 
also ensure easy access to personnel that can service and maintain devices 
when trouble shooting or parts replacement becomes necessary. In our study, 
one device was completely removed and a health facility eliminated from the 
project due to a defective device that could not be fixed in Ghana.

Through its QR code, the B4M case study had a salient advantage because it 
enabled woman-held case notes, secure data archiving and allowed visit history 
to be easily retrieved after scanning. In Chapter 6 the ethical considerations 
taken by the project to ensure data protection, privacy and confidentiality 
were described. Compared to the paper-based facility records, B4M was an 
improvement for data security. Despite these measures, recommendations 
received during the dissemination meeting included requests for tighter 
security measures so that health workers could not share login codes and for 
the district health information unit to have more control of the data. As many 
LMIC countries are attempting to establish unified electronic medical records 
systems, projects must pay attention to the potential implications of security 
breaches [37].

9.6.5 Referral linkages
This thesis and Mariama’s experience revealed important gaps on how the 
referral chain is activated and challenges with referral linkages and compliance. 
In Chapter 5, results from our case study showed that a number of beneficiaries 
were repeatedly identified for referral on follow-up visits, reflecting that B4M 
recommendations were either not communicated by the health workers 
or that women did not comply despite being referred. Within the Ghanaian 
context as with many other low-resource settings, facility records and referral 
activation and feedback notes are difficult to trace due to missing data [38]. It 
was therefore not possible to determine which women were actually referred 
from source facilities and if, when and where they complied with referral.

Asides financial limitations and fear of disrespectful treatment, prolonged 
waiting times at higher-level facilities is a deterrent to referral compliance and 
care utilization in low-resource settings [1, 39]. A significant portion of time 
can be lost trying to retrieve case files from the records department at facilities. 
The QR feature of B4M may hence offer an opportunity to strengthen referral 
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linkage by improving data access within and between facilities. This would 
require that all health facilities within each catchment area are aware of the 
intervention and have access to a QR scanner such that case files can be easily 
retrieved, reviewed and acted upon at all levels of the referral chain, facilitating 
continuation of care. Overall, such a strategy would have crucial implications 
for strengthening health information systems. Nevertheless, the infrastructural 
and socio-cultural limitations to ANC referral activation and compliance are 
still beyond the magical reach of mHealth.

9.6.6 Health systems and enabling contexts
It is impossible that improvements in the quality of ANC will occur in the absence 
of strengthened health systems that ensure that resources and policies are in 
place to support the needs of the demand and supply sides of the services. 
Yager and colleagues further state that many of innovative technologies fail 
to take the contextual nuances of low-resource settings into consideration 
in determining if they will meet the desired objectives [15, 26]. These include 
infrastructural, human capabilities, financial resources, policy instruments and 
leadership at all levels [40]. HCWs need to be motivated, supervised, trained 
and equipped with the resources and capacity to act on their knowledge and 
skills. The capacity of health workers to cope with advancements in a digital 
age means that ICT training also needs to be fully incorporated into the training 
curriculum as technology has inevitably come to stay. Effective mHealth 
revolution in LMICs will also require training technicians and biomedical 
engineers to meet local needs [35]. 

Financial and systemic bottlenecks to access quality care also need to be 
lowered for pregnant women. A systemic sustainable approach to leveraging 
the promise of mHealth, including diagnostic and clinical decision support 
systems for quality ANC care in LMICs, may involve integrating maternal health 
services with programs that target non-communicable diseases in order to 
achieve a synergistic effect [41]. mHealth cannot thrive despite weak health 
systems and the reality of its potential is directly related to the extent in which 
it is situated within an enabling environment.

Navigating the complex process of innovation adoption is a shared responsibility 
involving implementers, users and managers, and should be negotiated in the 
pre-implementation phases and through-out the project to avoid resistance 
[42]. Familiarity with using technology, especially by people with no previous 
exposure takes time and if the learning curve is broken prematurely, it could 
affect permanency and more re-training may be required. The B4M project 
engaged more with users in the early stage of the project, but fell short in 
sustaining this throughout the intervention. The capacity of the local project 
manager in the UER to better maintain good relations with facility managers 
and users was found to partly explain why UER sites performed better than NR 
sites (Chapter 7).
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9.7 Sustainability of mHealth in LMICs

As a first step, eventual scale up of innovative technologies requires evidence 
of a proof-of-concept and multiple phases of prototype design and testing 
[12]. The unintended consequence of this ad hoc process is commonly termed 
“pilotitis”, characterised by short demonstration studies that do not last long 
enough and fail to produce concrete outcomes [43, 44]. While the vast array 
of pilots have contributed to the growing evidence base on what works in 
the domain, it also raises questions about if they do more harm than good. 
To ensure sustainability and long term impact, it is recommended that digital 
innovations are designed and implemented as multi-component strategies that 
are useful for beneficiaries, health system managers and health care workers 
[12, 45]. This collaborative stakeholder process also known as design thinking, 
is key to their adoption and integration to scale [46].

The short timeline and high expectations that accompany pilot projects are 
not in touch with the reality of how long it takes for measurable change to 
occur on an individual or health system level. Usually, projects receive funding 
for a short implementation cycle and often little or no resources are budgeted 
to ensure thorough evaluation as well as an exit strategy. Lundin and Dumont 
suggest that the involvement of private sector financing can overcome funding 
barriers [12]. A pattern of over-promising on what mHealth can deliver could 
inadvertently create a vicious cycle of resistance and fatigue, affecting the 
motivation of health workers and other actors to invest time and resources 
towards integrating transient innovations that are only another experiment in 
the pipeline. If this pattern continues, the plague of pilotitis may be enough to 
show a glimmer of hope, but fail to prove a concept to scale [43, 47].

Interventions such as B4M may even show good results during their short life 
span, but as soon as the project is over, the system reverts back to its pre-
intervention status. A reversal that only lasts long enough before another mHealth 
pilot is rolled out in the same or another LMIC setting. In the case of the B4M 
study, during the dissemination meeting, health workers shared their concerns 
about the implications of project end. What would it mean for the services they 
had now been able to render with B4M? When they ran out of consumables, 
whom could they contact for a replacement? Would they continue to receive 
technical and supervisory support if they ran into any problems? What would 
happen to the devices? Although the B4M prototypes were retained for use at 
the discretion of each facility under advisement of the district directorate, the 
consortium could offer no further support as project funding had run out.

Funders also have a role to play in the sustainability and long-term impact of 
innovation in health care [23]. It has become an unspoken norm that grant 
applications without a catchy technological or innovation component may not 
receive funding irrespective of the possible real change that could be delivered 
otherwise. This brings to question the moral and ethical roles that funders 
and practitioners play in promoting ill-fitted interventions, while ignoring their 
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negative impact on health outcomes and attainment of the SDGs in LMICs 
[48]. In order to minimize unintended outcomes resulting from immediate 
wide rollout of new technologies in these unique contextual settings, funding 
organizations sometimes rely on the technical and clinical results from pilot 
studies to make a decision about testing concepts at scale [12]. We therefore 
believe smaller scale studies like B4M have an important role to play in informing 
the future decisions of funders, practitioners and policy makers. However, if 
funders claim to be seriously committed to bridging the access and quality gaps 
in health, they must recognize that transformative or innovative approaches 
involving mHealth are inherent with risks and have a potential to do more harm 
than good [26]. These risks should therefore be assessed in collaboration with 
major stakeholders to determine if the proposed intervention really serves 
the interests of the end-beneficiaries and health system [36]. Our findings 
therefore serve as a call to action for funders, practitioners and researchers 
to be aware of the harm of mHealth becoming another excuse for extractive 
research with little or no benefits to the countries and health systems in which 
they are deployed.

In the case study, B4M importantly decreased unnecessary referral and 
its related financial burden for a significant portion of beneficiaries on the 
demand side (Chapter 5). However, it was a burdensome alternative for health 
workers who felt overwhelmed and unsupported while raising service delivery 
expectations that could not be met in the long term due to the absence of 
a post-exit sustainability strategy. B4M was also partly welcomed because 
usage costs were covered by the project. Women did not have to pay for the 
screening tests offered by the device, but this was only sustained for as long 
as the project lasted. Discussions with project partners revealed that screening 
with B4M may be possible in the long run at a rate of 7 USD per pregnancy- 
which is more than many women in rural settings are able to pay. Existing health 
insurance schemes in these contexts are unfortunately unreliable and offer 
no long-term solutions for beneficiaries’ ability to pay. A cost-effectiveness 
study on a range of POC devices for pre-eclampsia recommends that devices 
designed for use in LMICs, should be simple, re-usable, accurate and have low 
recurring costs [29]. Echoing the recommendations of Howitt et al., findings 
from this thesis argue for pro-poor frugal designs that are implemented with 
the wider health system context of LMICs in mind [35]. This may translate to 
trading off technological complexity for increased affordability.

Finally, LMICs are biting the short end of the mHealth with respect to the 
environmental impact of technological innovation. A future challenge on 
the horizon is the build up of e-Waste in settings that are not equipped for 
appropriate waste recycling and the management of biochemical hazards 
[26]. The boom of mHealth pilots in LMICs is leaving a toxic pile of electronic 
gadgets that serve no purpose and cannot be disposed of and the question of 
who cleans up the mess is not being asked. These environmental implications 
must be factored into future strategies for improving health service delivery. 
Funding bodies should make it their moral and ethical duty to require that 
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implementing organisations include a waste management strategy in their 
funding application and if awarded, execute it as a key deliverable.

9.8 Methodological reflections

Generalizability and Transferability
Also known as external validity, research generalizability is the extent to 
which findings and conclusions drawn can be applied to a wider population 
while transferability relates to the application of research in other situations 
or cases [49]. Empirical findings from seven health facilities from a short-
term single case study in Ghana has limited generalizability to other health 
facilities, the general population and other LMICs, which may have different 
contextual characteristics. This is an identified limitation of single case studies 
and suggestions for improving generalizability include having multiple cases 
with similar or contrasting features [50]. Empirical conclusions for this thesis 
are therefore not predictive but suggestive of how a similar intervention could 
perform in similar settings within the Ghanaian health system, and should be 
judged with this limitation in mind. Because the B4M device is representative 
of diagnostic and clinical decision support devices, findings related to its 
technical and operational features are of broader relevance for this sub-group 
of mHealth innovations in low-resource settings.

The theoretical stream of the thesis, however, involved a higher level of 
abstraction, strengthening the generalizability of ICAMO configurations and 
transferability of findings to other digital innovations, within similar contexts. 
Within our study we found that supportive or authoritative supervision styles 
led to B4M adoption via different mechanisms and the implementation 
modalities between the UER and NR significantly impacted program outcomes. 
The realist review covered a wider range of geographic locations, mHealth 
applications and maternal health services (Chapter 6). Findings can therefore 
be considered theoretically generalizable and applicable to other types of 
mHealth, especially in resource-constrained settings [50]. In this thesis, while 
we made our limitations explicit, using findings from the realist review to inform 
the development and empirical testing of B4M program theories strengthened 
our application of realist methodology and enriched the validity of our findings. 
Resources and time permitting, re-testing and refining the B4M final program 
theories in a scaled-up version of the revised prototype would be desirable for 
establishing transferability of findings.

Reflections on applying realist methodology
The use of realist methodology in this thesis was guided by the need to generate 
knowledge on mHealth outside the traditional positivist focus on the size and 
direction of effect [25]. Furthermore, the methodology was established apriori 
as being well suited for examining the evidence beneath the metaphorical ‘tip of 
the iceberg’ and for being sensitive to contextual factors [51, 52]. Use of realist 
methodology strengthened the theoretical basis of our findings and confirmed 
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that more important than the technical features of B4M is its alignment and 
interaction with the intervention context, which dictates if and how suppressive 
or supportive mechanisms are triggered. Realist methodology therefore 
enabled us hypothesise how mHealth should be designed and implemented to 
trigger the most conducive mechanisms within the contextual clime (Chapters 
6 and 7). From a practical angle, application of realist methodology also helped 
refine program expectations, focused the evaluation agenda and enabled the 
project consortium gain fresh insights on how and why B4M did or did not lead 
to all expected outcomes. The benefit of the methodology in this regard is why 
it has been recommended for informing policy [53].

Applying realist approach also had its challenges two of which are worth 
mentioning. First, while on the one hand it was an opportunity to develop 
competence in complexity thinking and in the methodology, navigating the art 
of realist thinking was a demanding steep learning curve, and ‘getting it right’ 
under the guidance of the methodological experts on the team was a one-
year long process. Awareness of the time-consuming nature of the method 
has led to a preference for rapid realist reviews, which are intended to address 
questions that are extremely focused and not broad as was the case in this 
thesis [54]. Secondly, similar to the experience of Punton and colleagues, the 
‘stitching’ together of elements of ICAMO configurations was challenging 
[55]. For pragmatic reasons explained in Chapter 6, we opted for an ICAMO 
configuration as opposed to the traditional CMO style. We were nonetheless 
challenged with deciding which elements fitted with each other and ensuring 
that the evidence was strong enough for configurations to hold. Our way of 
dealing with this was to have regular team meetings to check each other’s 
assumptions and biases. It was also helpful that we developed the framework 
by populating evidence from the articles against each factor, which was visually 
useful for confirming the strength of each configuration (see Appendix 6).

A methodological reflection also arose while conducting the realist review. We 
were faced with justifying if realist evidence synthesis can be based on the 
non-realist studies from which the ICAMO configurations were developed. Our 
argument for choice of method was that realist reviews do not aim to compare 
apples with oranges but identify good primary studies that may or may not be 
reported using realist thinking. This in turn presents the information needed to 
derive C-M-O’s or program theories, which would be a good substrate for our 
planned realist evaluation. We therefore proceeded and similar to other realist 
researchers, found that none of the reviewed studies explicitly provided all the 
information needed to identify configurations. While we believe this limitation 
does not preclude the use of the realist synthesis or any other type of evidence 
synthesis, it required a pain-staking process of differentiating and documenting 
what was explicitly identified in papers from interpretations derived through 
a realist analytical lens. Some authors have bridged this gap by conducting 
Delphi studies or contacting authors of primary studies to shed more insight, 
which we had neither time nor resources for [56].
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A transdisciplinary approach
This thesis incorporated the expertise and experiences of a wide range of 
stakeholders representing unique perspectives. The aim of the empirical 
stream was to inform the development of an improved B4M prototype and 
modification of the implementation strategy as a way of realising the full 
promise of the device for quality ANC in a future larger study. Transdisciplinarity 
is a research perspective and way of thinking and doing that views research as 
the co-creation of knowledge across several disciplines and worldviews. At its 
core, innovation itself requires transdisciplinary thinking, and a transdisciplinary 
research (TDR) approach has been proposed as a way of ensuring that 
findings from mHealth research are able to solve identified problems so that 
practitioners and researchers can apply this in future strategies [57].

Under the case study, this included the B4M consortium comprising a 
dichotomy of NGOs-industry, private-public and development north-south 
partners, the research team and the executors or users of the device in Ghana. 
Diverse perspectives of health workers, pregnant women and district health 
authorities enriched the contextualisation and interpretation of findings. 
Through interviews, data validation and dissemination meetings, their views also 
strengthened triangulation of findings. The transdisciplinary research process 
ideally comprises three sequential phases: team building and problem framing, 
collaborative co-production of transferable research, which in the third phase 
is integrated into scientific and societal practice [58]. With the exception of the 
local project managers, problem-framing in B4M did not involve a collaborative 
stakeholder engagement or feasibility study with policy makers and midwives, 
which affects mHealth implementation fidelity and potential to scale [40]. The 
project consortium was however closely involved with the research team in 
defining the nature and scope of the program evaluation, as well as discussing 
the implications of findings and lessons learned. This required openness to learn, 
willingness to share and disseminate findings through scientific publications 
and other forums. Although discussions and efforts are still underway, in the 
absence of additional funding, there is little hope that the B4M project will 
evolve into the design of a second prototype. This is the unsurprising silent 
death of many other pilot projects [48]. The consolation is that by infusing the 
evidence-base with these findings, they may be integrated and applied in other 
mHealth projects in a way that incorporates technological, socio-cultural, 
clinical and contextual knowledge using transdisciplinary thinking.



195

9

Discussion and Conclusion

9.9 Recommendations for future research

Three identified research gaps that require future attention are worth briefly 
highlighting.

i) Timely screening and diagnosis are only optimal if referral decisions and 
referees are complete and acted upon, so women are not lost in the chain 
of care. This thesis revealed weak referral linkages and compliance, which 
were not fully explored. Future research to map the referral pathway for 
maternal care, identify gaps and design possible mitigation strategies is 
therefore necessary.

ii) The mHealth-performance framework for maternal care (Chapter 6, 
Figure 3) and the modified research framework (Chapter 9, Figure 1) offer 
an opportunity to build upon thesis findings. A more comprehensive view 
of the pathway of mHealth influence on maternal care can be achieved 
by action research that explores the pathway and mechanisms related 
to mHealth, health workers’ competence and improved performance for 
quality ANC. Furthermore, insights on the demand side of ANC through the 
theoretical lens of the framework will be useful for further documenting 
how pregnant women can influence and become more engaged in 
accessing the promise of mHealth.

iii) Given the value of realist methodology in shedding new insight on a topic 
that seems to have an abundance of similar findings, the challenge for 
the future of realist evaluation is to incorporate the methodology from 
program design to evaluation. A mHealth intervention that includes realist 
thinking from problem framing to design, implementation and evaluation 
would be a significant milestone for knowledge in the domain. The goal 
would be to develop theoretically driven solutions to how mHealth can be 
leveraged to support the provision of quality ANC by triggering the most 
conducive mechanisms within a given context. This would ideally take 
on the form of a participatory emergent design, which has been deemed 
useful for co-creating knowledge that is aligned to contextual needs [23].

9.10 Concluding remarks

This thesis unveiled key theoretical and practical insights on the use of diagnostic 
and clinical decision support systems for quality ANC in low-resource settings. 
From literature and the case study, the conclusion is that diagnostic and clinical 
decision support systems influence the quality of antenatal care by boosting 
the confidence of health workers through skills gained and the expansion of 
services offered. However, in addition to contextual bottlenecks and the dearth 
of an enabling environment, the design and implementation strategies of the 
reviewed projects expose limitations in realizing its promise for improving 
health worker performance.



196

Part 3 - Reflections: from potential to reality

Diagnostic and clinical decision support systems also influence the quality 
of antenatal care by boosting the trust of pregnant women in maternal 
health service providers, which could further impact their choice of delivery 
location future health-seeking behaviour. This is because beneficiaries of 
mHealth-mediated care believed that the expert knowledge of the device is 
embodied by the HCW. As such, they are more confident of the validity of 
referral recommendations and are happy with the expanded service delivery 
options. Opportunities to scale up mHealth need to be considered alongside 
mechanisms (reasoning and resources) generated within users, beneficiaries 
and other actors within the context of care.

mHealth cannot leapfrog the broken spine of health systems as there are many 
interacting layers of complexity to consider in the provision of quality ANC. 
Based on findings, there is hope that the promise and potential of mHealth can 
be realised in low-resource settings. Boundaries of its current limitations can 
be pushed if the design, implementation and evaluation of future interventions 
adopt a theoretically grounded, multi-stakeholder and contextually aligned 
strategy. From an innovative standpoint, diagnostic and clinical decision 
support systems may be considered magical, but they are not silo solutions 
and cannot replace competent human resources or resilient health systems. 
Rather, they present an opportunity to facilitate efficiency and effectiveness in 
ANC service delivery.
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