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Abstract
Understanding health systems as comprising interacting elements of hardware and software acknowledges health systems as complex adaptive 
systems (CASs). Hardware represents the concrete components of systems, whereas software represents the elements that influence actions 
and underpin relationships, such as processes, values, and norms. As a specific call for research on health system software was made in 2011, we 
conducted a qualitative scoping review considering how and for what purpose the concept has been used since then. Our overall purpose was 
to synthesize current knowledge and generate lessons about how to deepen research on, and understanding of, health system software. The 
review consisted of two phases: first, for the period 2011–23, all papers that explicitly used the concept of health system software were identified 
and mapped; second, drawing on a subset of papers from Phase 1, we explored how the concept was purposively used within research. The 
databases PubMed, Scopus, EBSCOhost, Web of Science, and Google Scholar were systematically searched using a strategy developed by a 
skilled librarian. In Phase 1, data were extracted from 98 papers. Our analysis revealed that a third of the papers used the software concept rather 
superficially; a third used it to conceptualize the importance of selected software elements; and a third used it in examining a specific health 
system experience, such as preparedness or resilience. In Phase 2, our analysis confirmed that researchers have found value in proactively using 
the software concept within studies, demonstrating two patterns of use. However, a limited understanding of how to investigate interactions 
among hardware and software elements was also revealed. Future health policy and systems research should purposively investigate hardware–
software interactions in order to gain a greater understanding of the complex, adaptive nature of health systems, understand their operations, 
and institutionalize thinking that considers health systems as CASs.
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Key messages 

• Exploring research on health system software alongside 
hardware advances our understanding of health systems as 
complex adaptive systems (CASs) and responds to the 2011 
call for research in this area.

• Proactive use of the health system software concept 
demonstrates value in both coding frameworks and tar-
geted investigations of hardware–software interactions.

• Limited exploration of hardware–software interactions high-
lights the need for future research to deepen understanding 
and institutionalize CAS thinking in health systems.

• Health policy and systems research should focus on prac-
tical guidance for working with health system software to 
enable actionable insights for system actors.

Introduction
Health systems seek to promote and improve population 
health through curative, preventive, and health promotion ser-
vices, as well as by impacting on social empowerment and 
intersectoral action (Gilson et al. 2007, Gilson 2013). They 
are also critical in health emergency preparedness (Palagyi 
et al. 2019). There are various ways of conceptualizing health 
systems. A systems thinking approach suggests that they 
should be understood as complex adaptive systems (CASs), 
in which the system is characterized, in part, by the rela-
tionships and interactions between their various components 
(Adam and de Savigny 2012). Recognition of these dynamic 
interactions is critical in understanding how health systems 
work and what influences how they impact on health system 
performance goals.
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Figure 1. Hardware–software conceptualization of health systems [adapted from Elloker et al. (2012)].

One conceptualization of health systems that takes such 
interactions into account recognizes that health systems are 
comprised of interacting hardware and software elements, 
asserting that system capacity relies on these complex inter-
actions (Elloker et al. 2012). The hardware represents the 
visible, infrastructural, and concrete components of the sys-
tem, while the software represents the factors that guide 
actions and underpin relationships, such as ideas, interests, 
relationships and power, values, and norms (Sheikh et al. 
2011). Elloker et al. (2012) further suggest that software can 
be distinguished between tangible forms, such as formal pro-
cesses, knowledge and skills, and intangible forms, such as 
values, norms, and more (Fig. 1).

Health policy and systems research (HPSR) has acknowl-
edged that this hardware–software conceptualization of 
health systems offers useful insights (Blaauw et al. 2003, 
Sheikh et al. 2011, Elloker et al. 2012). However, the research 
conducted has largely neglected the software components, 
tending to focus more on health system hardware. Sheikh et al. 
(2011) suggest that this is likely related to the tendency to 
focus on short-term operational needs such as specific health 
interventions or hardware investments, such as in build-
ings and equipment within health system development, often 
driven by donor interests in observing measurable returns on 
investment.

Focussing on the concrete and mechanical components 
(hardware) of a health system might also be due to the 
dominance of a positivist paradigm within the wider health 
research world. From this perspective, health systems are 
seen as ‘vehicles for technological solutions rather than being 
grounded in political and social contexts with underlying 
power structures, interests, and interdependencies’ (Sheikh 
et al. 2011, p. 4). The lack of conceptual clarity about what 
constitutes ‘software’ may itself also explain why the concept 
has been neglected (Sheikh et al. 2011).

In 2010, the First Global Symposium on Health Systems 
Research was held in Montreux, Switzerland. The sympo-
sium’s objectives included developing a global agenda within 
the field of HPSR to work towards universal health cov-
erage. In response, following the symposium, three papers 
(Bennett et al. 2011, Gilson et al. 2011, Sheikh et al. 2011) 
were published that aimed to examine the challenges facing 
the field of HPSR and identify what was needed to support 
health system development and strengthening, especially in 
low- and middle-income countries (LMICs). The three arti-
cles highlighted that research needed to be conducted on the 
social dimension of health systems and called for theoreti-
cal development to understand the complex social contexts 
within which such systems exist (Bennett et al. 2011, Gilson 
et al. 2011, Sheikh et al. 2011). More specifically, there was 
a call for theoretical development of health system software 
to deepen the understanding of the concept and, in doing so, 
develop the foundations of HPSR. Focusing on health system 
software is crucial as it shapes the underlying social dynamics 
and behaviours that impact health systems. Understanding the 
interactions among these elements allows researchers to iden-
tify and address the less visible, yet influential, factors that 
enhance or hinder health system performance, contributing 
to more holistic and sustainable health system strengthening.

Since this call was made in 2011, no review has yet taken 
stock of what research on health system software has been 
conducted. Taking stock creates a synthesis of a topic and 
deepens understanding. It is suggested that ‘to take stock and 
analyze evolving landscapes’ of various health system activi-
ties supports and better informs ‘further advancements in the 
field’ (Shakarishvili et al. 2012, p. 1).

A review of health system software can, specifically, help 
researchers consider the real-world value of this concept. 
It might, for example, be useful for understanding policy 
processes, given that these are nonlinear, and continuously 
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influenced by actors (Walt 1994). A review can also assist 
in offering conceptual clarity, and both sets of insights can 
provide support for future HPSR.

Overall, this study aimed to review and take stock of how 
the concept of health system software has been used since 
the call for more research about it was made by Sheikh et al. 
(2011). It also sought to provide insights on how to strengthen 
consideration of the concept within future HPSR. The overall 
research question of the review is: how and for what purpose 
has the concept of health system software been used in HPSR 
since 2011?

Materials and methods
This review answered the research question in two phases. The 
first phase consisted of a systematic scoping review of HPSR 
around the concept of health system software. The second 
phase involved a detailed synthesis of a subset of the identi-
fied papers to explore, specifically, how the software concept 
was used to inform research. These two phases are described 
separately.

Phase 1: scoping review
The Arksey and O’Malley framework for conducting scop-
ing reviews was applied (Arksey and O’Malley 2005). This 
method was chosen because such reviews are useful to exam-
ine the range and nature of research activity on a topic by aim-
ing to synthesize all relevant literature to create an overview of 
the topic: a purpose of this research. The framework consists 
of five steps: identifying the research question, identifying the 
relevant literature, paper selection, data extraction, and data 
analysis. The research question has been discussed. The next 
four steps are described below.

Search strategy
The literature searches were conducted in February 2024. 
PubMed, Scopus, EBSCOhost, and Web of Science were sys-
tematically searched using various text forms of the health 
system software concept (Table 1). Google Scholar was also 
used as a supplementary database. These methodological 
steps were guided by a specialist librarian, based at the Fac-
ulty of Health Sciences, University of Cape Town (UCT). 
Database searches were further refined and limited accord-
ing to the tools available in the respective databases. Within 
the Scopus and Web of Science searches, various subject 
areas were excluded, such as engineering, computer science, 
physics and astronomy, materials science and robotics, and 
so forth (see Supplementary material). The search was limited 
to English articles because translation of non-English articles 
was beyond the scope of this study. Additionally, the search 
was limited to publications from 2011 onwards. 

Paper selection
Following the completion of the searches, the papers were 
exported to Rayyan for further screening. Rayyan is a sys-
tematic review tool that allows researchers to include and 
exclude papers based on the specified criteria, as well as allow-
ing initial screening of abstracts and tracking the reasons for 
excluding papers (Ouzzani et al. 2016). The abstracts of arti-
cles were screened, and papers were included or excluded 
based on the criteria listed in Table 2. If it was not obvious 

Table 1. Search strategy (Source: author)

Query Criteria

Concept search (‘health systems software’ OR ‘health sys-
tem software’ OR ‘intangible software’ OR 
‘software of a health system’ OR ‘software of 
health systems’) NOT (‘computer software’ 
OR ‘computational software’ OR ‘informa-
tion software’ OR ‘informational software’ 
OR ‘digital software’ OR ‘mobile software’ 
OR ‘mobile health software’ OR ‘mobile 
health application’ OR ‘mobile health apps’)

Filter 2011–23
Filter English

Table 2. Inclusion and exclusion criteria (Source: author)

Inclusion criteria Exclusion criteria

• Published papers
• Relevant grey literature such as 

theses or dissertations

• Use term ‘software’ differently 
from our conceptualization, 
e.g. computer software and 
information software

• Non-English papers

what conceptualization of the term ‘software’ was being used 
within the paper, the full text was retrieved and the use of 
the term was investigated before deciding whether or not to 
include it. If full-text articles were not available freely through 
Google Scholar or UCT’s online library, the first authors were 
contacted, and access to these publications was requested. 

Data extraction and analysis
The year of publication, the type of paper, and the coun-
try/context of focus were extracted for all selected papers. 
For empirical papers, the particular section where the soft-
ware concept is used was also considered, e.g. whether it was 
used in the methodology section, results section, and so forth. 
Furthermore, during data extraction, the way the software 
concept was used was categorized according to three predeter-
mined themes: (i) acknowledgement of concept importance; 
(ii) using the concept to explain software elements; and (iii) 
using the concept to examine a health system experience in 
depth. These three themes were derived from a preliminary 
investigation of health system software literature. Depending 
on a paper’s categorization according to these themes, addi-
tional data were extracted. Such data included the software 
elements described, if categorized as Theme 2 (using con-
cept to explain software elements); and which health system 
experience as well as how the software concept was used in 
its examination, if categorized as Theme 3 (using concept to 
explore a health system experience).

These extracted data were recorded in a preprepared tem-
plate (included as Supplementary material). The use of this 
template supported a transparent research process by distin-
guishing the actual data and our interpretations of those data, 
avoiding potential bias and enhancing research rigour (Arksey 
and O’Malley 2005).

Simple numerical analyses were conducted on extracted 
data to provide descriptive characteristics of the literature. 
Data pertaining to the three predetermined themes were also 
further analysed to inform a numerical and narrative descrip-
tion of how the concept has been used.

D
ow

nloaded from
 https://academ

ic.oup.com
/heapol/advance-article/doi/10.1093/heapol/czaf001/7959565 by guest on 13 February 2025



4 Burger and Gilson

Phase 2: deeper exploration of how the software 
concept is used within empirical research
The overall purpose of this research was to gain insights 
into how the software concept has been used within HPSR 
since 2011. Following initial scoping of the broad use of 
the concept (Phase 1), the second phase of work sought to 
answer the research question in more detail by examining 
papers reporting research projects which used the hardware–
software concept to influence/guide their study’s design. We 
sought to understand how this conceptualization of health 
systems had informed research studies to contribute to deep-
ening the ‘theoretical foundations of the field’, as called for 
by Sheikh et al. (2011). We specifically sought to derive 
understanding about the value of considering software, the 
research approaches used in its investigation, and whether or 
not hardware–software interactions were considered in the 
reported research. Elloker et al. (2012) argue that a spe-
cific intention of the conceptualization is to acknowledge and 
explore the interactions between the hardware and software 
elements.

Paper selection
The subset of papers categorized in Phase 1 as Theme 3: 
‘using the concept to examine health system experience’ was 
used as a pool of papers for further consideration in Phase 
2. From this pool, we then selected only those papers that 
used the hardware–software conceptualization to inform the 
design decisions made within the study reported in the paper 
(excluding those papers that only used the concept within the 
background, rationale, or discussion sections).

Data extraction
In addition to bibliographic information, four categories of 
data were derived from the papers selected for Phase 2 of 
this review (included as Supplementary material). First, an 
interpretation was made about how the software concept was 
used within the reported study, e.g. whether used to inform 
data collection or as a framework to guide data analysis. Sec-
ondly, the authors’ judgement of the overall conclusion about 
the value of investigating software was recorded. Thirdly, we 
made an interpretation around whether and how the studies 
investigated the interactions between hardware and software. 
Lastly, we recorded which other health system experience 
was considered in the paper. To ensure the reliability of data 
extraction, the extracted data were reviewed for consistency 
and accuracy by both researchers, with any discrepancies or 
interpretive differences discussed collaboratively to achieve 
consensus. This approach helped to maintain a rigorous and 
reproducible analysis.

Data analysis
The extracted data were thematically analysed, following 
the Braun and Clarke (2006) six-step process. These steps 
included familiarization with the data, coding the data, 
searching for themes, reviewing the themes, defining the 
themes, and writing the report. Applying these steps, the anal-
ysis considered how the hardware–software conceptualization 
of health systems, as already described in the introduction, 
informed study designs, what authors considered as the value 
of investigating software, and how the interactions among 
hardware and software were investigated.

Results
The database and supplementary Google Scholar searches 
yielded a total of 299 articles in the first phase of the 
research. Rayyan identified 96 duplicates that were subse-
quently removed. In total, 82 articles used the term ‘software’ 
in ways that did not align with our conceptualization and were 
therefore excluded. One paper used the concept of health sys-
tem software in its reference list only, in relation to a paper 
already included in the review, and therefore this paper was 
excluded. Two papers were not published in English and were 
also subsequently excluded. Finally, 112 articles were included 
in the review. The flowchart presented in Fig. 2 summarizes 
the selection of papers.

As shown in Fig. 3, there has been a recent increase in the 
number of publications which explicitly speak to the specific 
concept of ‘health system software’. Of all the publications, 
86% included in this review were published in the latter half 
of the 13-year period considered.

As Fig. 4 shows, a high proportion of included papers 
reported empirical studies (45%). A smaller portion were liter-
ature reviews (21%) and there were also a few commentaries 
(12%). The other included papers took the form of working 
papers, or book chapters, for example.

Many papers investigated specific contexts and settings. 
Half (50%) investigated an African country or region, while 
a quarter (24%) looked at LMICs in general or at a country 
outside the African continent that was classified by the World 
Bank as an LMIC, such as Pakistan or India. Almost 75% of 
the papers purposively referred to an LMIC context.

Use of the software concept
Using predetermined themes, the papers were classified as 
using the concept in three distinct ways, although some 
reported an approach that did not fit into any of these themes.

Acknowledgement of the concept’s importance
Most papers (38%) used the concept simply to acknowledge 
the recognized importance of health system software within 
HPSR or public health debates. This point was often presented 
in the background discussion or introduction of the paper. 
For example, in a paper that discussed social accountability 
within the health system in Zambia (Schaaf et al. 2017), the 
software concept was used in the paper’s introduction when 
highlighting the importance of norms in health systems

… focus on norms echoes increasing acknowledgement of 
the import of health systems “software,” such as norms, 
values and power in shaping health service delivery. (Schaaf 
et al. 2017, p. 848)

This extract reflects the many papers which briefly referred 
to health system software. Another example of using the 
concept to validate the core issue addressed by the paper is:

… global health advocates and researchers call for atten-
tion to informality, such as the crucial role that health 
systems “software” … play in shaping services. (Joshi et al. 
2022, p. 2)

Although these papers acknowledged the concept, it was 
not actively used in shaping the specific concepts of enquiry 
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Figure 2. Flowchart of paper selection (Source: author).

within the research discussed, nor directly examined in that 
research. Many papers used the concept once or twice only.

Use of the concept to describe specific software elements
A quarter of the papers (27%) used the concept to justify look-
ing at a particular phenomenon, defining that phenomenon 
as a software element. The elements that were investigated by 
these papers provide us with detailed examples of the overall 
scope of what is currently regarded as health system soft-
ware, as summarized in Table 3. The table also categorizes 

these elements as either tangible or intangible software, using 
the distinctions established by Elloker et al. (2012, p. 162), 
as well as creating subgroups within each set to further syn-
thesize the various elements which the papers identified as
‘software’.

One paper suggested that ‘governance’ had both tangible 
features, such as committees, guidelines, and protocols, and 
intangible features, such as power relations, social hierarchies, 
collegiality, and normative practices, within the governance 
structure (Arakelyan et al. 2022). It is presented in both 
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Figure 3. Number of included papers sorted by publication year since 2011 (Source: author).

columns of Table 3. This contrasts with the notion within 
the World Health Organization’s building blocks framework, 
which views governance largely as hardware, ‘organiza-
tional structures and legislation for example’ (Sheikh et al.
2011, p. 2).

One paper unusually defined ‘levels of maternal edu-
cation’ as software (Davis et al. 2023), highlighting the 
wider contextual features that impact on health and health
systems. 

Use of the concept to examine health system experiences
The concept of software was also used in a third (36%) 
of the included studies to investigate a range of health sys-
tem experiences. In these papers, the overarching hardware–
software conceptualization of health systems was often 
reported as purposively informing the research design, rather 
than, as in the first two themes, being used only to comment 
on its importance or to rationalize looking at another con-
cept. The various experiences which were explored in these 
papers included heath system preparedness, resilience, gov-
ernance, responsiveness, accessibility, implementation, and 
performance (Fig. 5). The last column in Fig. 5 represents 
multiple other experiences, such as judicialization of access 
to medicines, detection of tuberculosis (TB) and COVID-19, 
as well as organizational change, integration, social innova-
tion, adaptive capacity, priority setting, and the financing of 
health systems.

In many papers, software elements were used to investigate 
what was influencing the health system experience of focus. 
Some papers used the concept as a framework to inform the 
data analysis, as discussed further in presenting the findings 
of Phase 2 of this review.

While some papers examined both hardware and soft-
ware, some sought only to investigate software elements that 
impacted or influenced the health system experience of focus, 
thereby excluding hardware. For example, a protocol for 
empirical research presented its aim as follows:

… to explore how, why, for whom and in what circum-
stances, features of health systems ‘software’ (e.g. values, 
norms, relationships) between health workers of all cadres 
caring for neonates in Kenyan hospitals, influence quality 
of care being targeted by improvement efforts. (Wanyama 
et al. 2022, p. 6)

Other papers again primarily used the software concept 
as a discussion point to elaborate further on findings about 
what may have influenced the health system experience exam-
ined. In the discussion section of one such paper, the authors 
explained that ‘to accomplish health system preparedness 
for any infectious disease outbreak, one should consider 
the uniqueness of software components of the health sys-
tem that hold the hardware together’ (Tshitenge and Nthitu 
2022, p. 5). Such papers did not, then, use the software 
concept to inform the study design but rather to anal-
yse their findings in relation to a specific health system
experience.

Other uses of the software concept
A few of the selected papers (12%) used the concept in ways 
that do not clearly fit into one of the three predetermined 
themes. Some papers again used the concept primarily as a 
discussion point, while referring to health systems in a broad 
sense.

Some review papers identified the concept during data anal-
ysis. For example, in presenting their results, Vargas-Peláez 
et al. (2017) discussed how hardware and software are needed 
‘in order to recognize the complexity of the health systems’ (p. 
172).

One commentary discussed the practical realities of try-
ing to ‘rewire’ the intangible software within a health system 
(Ramani et al. 2022). This was the only paper included in the 
review that specifically focussed on how to reform software in 
order to improve health system performance; it offers useful 
advice for health system managers.
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Table 3. Summary of software elements described in included papers (Source: author)

Tangible software Intangible software

Governance, leadership, and management structures and 
processes
Formal rules within governance structure (George et al. 
2019)
Governance of public policy during COVID-19 
(Moussallem et al. 2022)
Committees, guidelines, and protocols (Arakelyan et al. 
2022)
Distribution of power and process of decision-making 
within governance structure (Barasa et al. 2018)
Governance processes (Karamagi et al. 2023)
Information and financial management systems 
(Karamagi et al. 2023)

Health worker behaviours and practices
Provider behaviour (professionalism) (Hamon et al. 2022)
Bad attitudes of health workers (Topp et al. 2017)
Staff motivation (Barasa et al. 2018; Boydell et al. 2017; Nyikuri et al. 2017)
Staff commitment (Barasa et al. 2018)
Informal payments (Boydell et al. 2017)
Performing out: manipulation or inflation of data to create a false impression of 

meeting performance targets (Das et al. 2022)

Formal processes
Adequate planning (Mwamba et al. 2018)
Audit style performance accountability processes (Das 
et al. 2022)
Recommendations from health-care providers (Davies 
et al. 2023)

Governance and leadership
Inclusive decision-making as a process (Reddy et al. 2022)
Governance as a force binding or repelling actors, relationships, and resources 

(George et al. 2019)
Informal rules within governance structure (George et al. 2019)
Leadership practices such as creating a clear and shared vision (Reddy et al. 2022; 

Barasa et al. 2018)
Managerial processes
Role of human resource management (Boydell et al. 
2017)
Management capability to anticipate and cope with 
shocks (Gooding et al. 2020)
Management practices of: operations, performance mon-
itoring, targets, people, and autonomy to make these 
decisions (Powell-Jackson et al. 2019)
Management (Nabyonga-Orem 2023)
Organizational and management resources (Agostini 
et al. 2023)

Behavioural drivers
Incentives within the service delivery system (Boydell et al. 2017)
Beliefs (Serge et al. 2023)
Communication (Reddy et al. 2022)
Emotions (van Niekerk 2022)
Ideas (Kok et al. 2017)
Interests (Kok et al. 2017; Serge et al. 2023)
Values (Hernández 2014; Kok et al. 2017; Whyle and Olivier 2020; Nabyonga-Orem 

and Asamani 2023; Karamagi et al. 2023; Serge et al. 2023; Whyle 2023)
Norms (Kok et al. 2017; Nabyonga-Orem and Asamani 2023; Karamagi et al. 2023; 

Tesfa et al. 2023)
Political and social contexts (Hirose et al. 2015)
Underlying level of education (Davies et al. 2023)

Supportive systems
Health information systems (Serge et al. 2023)
Financial management systems (Serge et al. 2023)

Cultures
Culture of performing out within facilities (Das et al. 2022)
Organizational culture (Mphaphuli 2017; Topp et al. 2017; Barasa et al. 2018; Mbau 

and Gilson 2018; Bozorgmehr et al. 2020; Gooding et al. 2020; Walmisley et al. 
2022; Karamagi et al. 2023; Serge et al. 2023; Tesfa et al. 2023)

Institutional logics which are broader belief systems: e.g. a national identity logic and 
a development logic within a country (van Niekerk 2022)

Power, trust, and relationships
Power relations and social hierarchies (Arakelyan et al. 2022)
Power dynamics (Hirose et al. 2015; Kok et al. 2017; Topp et al. 2017; Karamagi 

et al. 2023)
Interpersonal trust, institutional trust, trust in colleagues, trust in supervisor, and trust 

in employer (Topp and Chipukuma 2016)
Intra- and inter-professional relationships (Tesfa et al. 2023)
Trust in government among people (Moussallem et al. 2022)
Trust between researchers and managers (Nyikuri et al. 2017)
Trusting relationships (Kok et al. 2017; Davies et al. 2023)
Trust in providers (Hamon et al. 2022)
Patients trust in medicines and health services (Aivalli et al. 2018)
Relationships (Hernández 2014; Kok et al. 2017; Reddy et al. 2022; Wanyama et al. 

2022; Karamagi et al. 2023; Serge et al. 2023)
Peer networks (Reddy et al. 2022; Wanyama et al. 2022; Karamagi et al. 2023)
Social ties (Whyle and Olivier 2020; Wanyama et al. 2022)
Shared experiences (van Niekerk 2022)
Community relationships (Gooding et al. 2020)
Emotional support through peer networks (Reddy et al. 2022)
Skills and abilities
Team socio-cognitive skills (nontechnical human skills) (Wanyama et al. 2022)
Everyday innovation (shifting of resource flows, social routines, and cultural values to 

address a systemic health challenge) (van Niekerk 2022)
Population’s ability to self-care, self-help, and self-responsibility with regard to health 

(Mathpati et al. 2020)
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Figure 4. Pie chart showing the types of publications of selected papers (Source: author).

Exploration of papers that used the concept 
actively to inform the research
Nineteen papers met the criteria for the second phase of this 
review. The full text for one of these papers was not avail-
able and was subsequently excluded (Fig. 2). As noted earlier, 
this phase of the review aimed to investigate research that 
used the hardware–software concept to guide the design of 
the research. It was undertaken to deepen theoretical foun-
dations of the field, as called for by Sheikh et al. (2011). A 
summary of this phase can be found below Figure 6.

Use of the concept within research studies
Thematic analysis of these papers revealed two patterns in 
how the overarching hardware–software conceptualization 
has been used within research. First, it is used as a coding 
framework in analysis; secondly, it is used to predetermine 
which hardware and software elements should be further 
investigated within a context rather than inductively analysing 
a range of elements.

Using conceptualization to code influences
In total, 14 of the papers selected in Phase 2 used the software 
conceptualization to frame/code influences on health system 
experiences such as preparedness, resilience, an issue within 
a particular setting, or the implementation of a programme, 
such as a specific disease programme in a given country. This 
was useful, as an established concept was used to analyse 
the research findings. Table 4 presents all the papers that 
used the concept in this way, also showing which experiences 
and country/context were considered, and a few of these are 
discussed further to demonstrate this use. 

Zwama et al. (2021), a scoping review, mapped the influ-
ences on TB programme implementation in LMICs and used 
the hardware–software conceptualization in data analysis to 
code these influences, including interactions among hardware 
and software. The authors conclude that particular attention 
needs to be paid towards health system software (particularly 
workplace values and established practices, staff agency, TB 
risk perceptions, and staff attitudes), given its importance in 
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Figure 5. Use of the software concept to investigate other health system experiences (Source: author).

Figure 6. Summary of Phase 2 analysis.

the implementation of TB infection, prevention, and control 
(IPC).

Mwamba et al. (2018), similarly, sought to identify, 
through empirical research, what was influencing patients 
who decided to disengage from antiretroviral therapy (ART) 
in Zambia, categorizing these influences as either hardware 
or software. They concluded that ‘health system “hardware” 
(resourcing) and “software” (clinic operating practices – 
including work norms and patterns and HCW [health-care 
workers] attitudes) often interacted and amalgamated to influ-
ence patients’ decisions to engage or disengage in care’ (p. 
8). Again, the value of actively considering software, hard-
ware, and their interactions in the analysis lies in deepening 
understanding of health system experiences.

McLennan et al. (2023) used the conceptualization to eval-
uate various components of the Fijian health system during 
the COVID-19 pandemic. While reporting their findings, they 
categorized components as tangible systems hardware, tan-
gible systems software, or intangible systems software. They 
justified their approach by identifying a gap in the Pacific 
region’s literature on identifying software influences and drew 
on Elloker’s et al. (2012) work to emphasize the importance 
of software in health system resilience. They highlighted the 
intangible resources that helped the Fijian health system cope 
with the COVID-19 pandemic: adaptive practices of health 
workers, collective labour, and the sacrifice of people within 
the system, which were all categorized in the software bucket 
of ‘communal cultural values’.
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10 Burger and Gilson

Table 4. Papers using the concept to categorize influences on various other 
areas of health system experiences (Source: author)

Paper

Health system expe-
riences considered in 
relation to software Country/context

Topp et al. (2015) Mechanisms of 
accountability

Zambia

Topp and 
Chipukuma (2016)

Trusting relationships Zambia

Mwamba et al. 
(2018)

Problem of patients’ 
decisions to dis-
engage from 
ART

Zambia

Palagyi et al. (2019) Emerging infec-
tious disease 
preparedness

LMIC

Mayhew et al. (2020) Integration of HIV 
and sexual and 
reproductive health 
services

LMIC

Kagwanja et al. 
(2020)

Everyday resilience Kenya

Zwama et al. (2021) Implementa-
tion of TB-IPC 
programmes

LMIC

Myburgh et al. 
(2021)

Accessibility to ART South Africa

Arakelyan et al. 
(2022)

Implementation of 
TB-IPC measures

South Africa

Das et al. (2022) Problem of per-
forming out 
(manipulation or 
inflation of data 
to create a false 
impression of meet-
ing performance 
targets)

India

Chilala et al. (2024) TB and delayed 
detection

Zambia

Edelman et al. (2024) Governance of 
COVID-19 surveil-
lance and response 
systems

Australia

McLennan et al. 
(2023)

Responsiveness of 
Fiji health system 
to the COVID-19 
pandemic

Fiji

Karamagi et al. 
(2023)

Health system 
financing

Africa

Finally, Kagwanja et al. (2020) investigated empirically 
the everyday stressors experienced within the Kenyan health 
system through an analysis of its everyday resilience. These 
authors specifically used the hardware–software conceptual-
ization to frame the stressors as either hardware (resource and 
infrastructure challenges) or software (low motivation among 
staff, political interference with managerial responsibilities, 
unclear roles, and reduced autonomy), as well as to consider 
ways of responding to them. They judged that the hardware–
software conceptualization ‘was useful to demonstrate differ-
ent types of strategies and the role of organizational capacities 
in nurturing (or building) everyday resilience’ (p.532). In other 
words, it enabled a deeper understanding of the nature of 
everyday resilience.

Table 5. Papers using the concept to suggest elements to undergo further 
investigation (Source: author)

Paper Phenomenon Country/context

Schneider et al. 
(2014)

Implementation of 
primary health-care 
reform

South Africa

Topp et al. (2019) Implementation 
of HIV UTT ser-
vices in correction 
facilities

South Africa and 
Zambia

Moussallem et al. 
(2022)

COVID-19 
preparedness

Lebanon

Reddy et al. (2022) Provider behaviour 
and experience 
of maternity 
care/respectful 
maternity care

LMICs

Wanyama et al. 
(2022)

Quality of care Kenya

Zawolo et al. (2022) CHW performance Liberia

Using suggestions from other research to inform which 
software elements to explore
Six of the papers selected for Phase 2 used the conceptualiza-
tion to inform which specific hardware and software elements 
should be investigated in relation to the health system expe-
rience of focus. These papers used the findings from previous 
research to inform the elements examined in their own study 
(Table 5). 

Topp et al. (2019) aimed to examine the feasibility of 
universal test and treat (UTT) services within correctional 
facilities in South Africa and Zambia. This study drew on 
the previous work (Proctor et al. 2011) that suggested a 
range of hardware and software factors associated with UTT 
feasibility. The factors investigated were ‘willingness of … 
[health system actors] to participate; the perceived appro-
priateness and convenience of the intervention; availability 
of appropriate resourcing; and logistical systems required 
to support the intervention’ (p. 191). These authors con-
firmed that these factors played an important role in the 
feasibility and sustainability of UTT services in correctional
facilities.

Moussallem et al. (2022) sought to investigate what was 
impacting on Lebanon’s preparedness for the COVID-19 pan-
demic. They investigated various hardware and software ele-
ments, namely, surveillance, infrastructure, medical supplies, 
workforce, communication mechanisms, trust, and gover-
nance. Their rationale for investigating these factors was that 
the interconnectedness of these factors had been identified 
in an earlier review paper (Palagyi et al. 2019) as enabling 
LMICs to achieve and maintain such preparedness.

Zawolo et al. (2022) used the concept to frame which hard-
ware and software factors should be investigated in relation to 
community health worker (CHW) motivation and support in 
Liberia. This study used a framework previously developed by 
Kok et al. (2017) (and discussed further) to investigate CHW 
utilization, management, and performance. The issues raised 
in the CHW framework specifically informed which software 
elements were considered.
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However, it was not necessarily clear exactly how different 
software and hardware elements were used within these stud-
ies (Topp et al. 2019, Moussallem et al. 2022, Zawolo et al. 
2022), other than by being chosen as elements to investigate.

One study provided more clarity on how the software con-
cept informed its methods. Schneider et al. (2014) report that 
the concept of software informed the interviews and checklists 
used to collect data within a programme evaluation of pri-
mary health-care outreach teams in South Africa. The authors 
state that the ‘software’ of implementation consisted of ‘actor 
knowledge and ownership of the policy, and changing roles 
and relationships’ (Schneider et al. 2014, p. 4) but did not 
clarify the source of this judgement.

Reddy et al. (2022) and Wanyama et al. (2022), mean-
while, used the concept to examine which software factors 
impact on, respectively, quality of care in neonate Kenyan 
hospitals, and provider behaviour and experience of mater-
nity care in LMICs. However, it was not specified who argued 
that these elements were worth looking at in relation to these 
experiences.

Other uses of software conceptualization
Two papers used the concept quite differently from other 
papers selected for Phase 2 review. One reported on the 
experience of supporting leadership development through 
on-the-job training (Nzinga et al. 2021). Within this train-
ing, health managers were taught about complex health 
systems, including the notions of hardware and software 
and, in terms of software, values, belief systems, and
relationships.

Nzinga et al. (2021) found that the health managers 
showed enthusiasm towards the software concept, as evi-
denced in their reports on the value of the complex health 
system training course. The managers showed interest in view-
ing health systems as made up of hardware and software 
factors. Managers also reported that appealing to the val-
ues of nurses (software) helped them ‘reassure and motivate 
some nurses to continue providing care’ (Nzinga et al. 2021, 
p. 1030) during nursing strikes.

The second paper used the conceptualization in developing 
a framework derived from a systematic review of literature 
that incorporates hardware and software factors as influences 
on CHW performance (Kok et al. 2017). This framework was 
itself used by Zawolo et al. 2022 in their study. Presented in 
Fig. 7, the framework places CHW performance at its centre, 
where hardware and software are suggested to be ‘influencing 
factors’ (p. 2). The black arrows demonstrate the interactions 
among the hardware and software.

Interactions between hardware and software
Of the 18 papers selected for further analysis in the second 
phase, 5 intentionally outlined and investigated interactions 
between hardware and software. This relatively low number 
was somewhat surprising, seeing as such interactions are a 
fundamental feature of this conceptualization (Elloker et al. 
2012). The papers that did not explore interactions merely 
described influences over the selected health system expe-
rience as either hardware or software. These papers often 
commented that interactions were important to look at but 
did not actually look at them.

The papers that discuss hardware–software interactions 
did so in various ways. One paper describes how interactions 
among hardware and software elements influenced patient 
disengagement from HIV care in Zambia (Mwamba et al. 
2018), but it did not identify the nature of these interac-
tions. Although noting that hardware and software interacted 
to influence patients’ decisions, the exact nature of the inter-
action, such as which element was influencing which other 
element and in which direction, was not made clear. For exam-
ple, was a lack of resourcing (in terms of clinic location, 
infrastructure, and drugs) compelling health workers to exer-
cise their discretionary workplace power (such as changing 
clinic opening hours and rationing drugs), ultimately driving 
patients to disengage from care? Or were health workers using 
their discretionary power to make decisions that impacted 
on hardware components, causing patients to disengage
from care?

Kagwanja et al. (2020), similarly, only alluded to inter-
actions between hardware and software but did not exam-
ine them in detail. For example, they stated that in Kenya 
‘HR [human resource] management issues (tangible software) 
coupled with resource constraints (hardware) created dissat-
isfaction among HCWs leading to frequent HCW strikes’ 
(Kagwanja et al. 2020, p. 527).

Das et al. (2022) and Topp et al. (2015), however, directly 
explored interactions among elements, more fully describing 
them in their studies’ findings. In their study, Das et al. (2022) 
report the overall impact such interactions had on ‘performing 
out’ (i.e. the manipulation or inflation of data to create a false 
impression of meeting performance targets) in two Indian 
health facilities. They judge that ‘the mechanisms through 
which ELAs [expected levels of achievement] are managed, 
monitored and reported evoke formal and informal power’ (p. 
4) and this power caused workers to be submissive and targets 
of exploitation. Furthermore, these authors suggest that

… using a CAS framing, we demonstrate how these indi-
vidual behaviours emerge from the dynamic interaction 
between underlying system elements of chronically defi-
cient hardware, audit-style performance accountability 
approaches (tangible software), and an organisational cul-
ture that validates ‘performing out’ (intangible software). 
(Das et al. 2022, p. 9)

Topp et al. (2015) also describe hardware and software 
interactions in a study that explored what was impacting 
on accountability mechanisms in Zambian primary health 
centres.

Structural human resource shortages (a hardware factor) 
… contributed to a high burden of work and pressure to 
complete tasks quickly, which compounded in some cases 
by a lack of capacity, contributed to data-entry errors, 
shortcuts or shirking of these duties altogether. (Topp et al. 
2015, p. 10)

These human resource shortages (hardware), therefore, 
caused health workers to describe ‘the time pressure they expe-
rienced’ (p. 10) (software) and how it negatively impacted 
on health workers’ clinical and administrative performance. 
This had consequences for their personal performance reviews 
(accountability system). Topp et al. (2015) further state that
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12 Burger and Gilson

Figure 7. Summarized CHW performance framework [adapted from Kok et al. (2017)].

The findings confirm the relevance of the Sheikh et al.’s 
(2011) hardware-software model and demonstrates how 
the original framework may be adapted to achieve greater 
analytical and explanatory power by examining first, the 
way hardware-software interactions act positively or neg-
atively on particular mechanisms of accountability, and 
though these, health system performance. (Topp et al. 
2015, p. 498)

Finally, Arakelyan et al. (2022) use the hardware–software 
conceptualization to categorize the various influences on TB-
IPC measures in South Africa, explicitly investigating the 
interactions among influences (the influences categorized as 
tangible and less tangible). These authors created a con-
cept map to demonstrate the complex interactions visually 
(Fig. 8—an adapted version of the authors’ figure), explain-
ing that such a map is useful to ‘indicate what dynamics must 
be considered when studying the implementation of TB-IPC, 
or indeed IPC practice more generally’ (Arakelyan et al. 2022, 
p. 17).

Reviews
Five of the papers selected for Phase 2 were reviews. These 
aimed to map the influences on various health system expe-
riences, coding the influences as either hardware or soft-
ware. The papers considered TB-IPC programmes (Zwama 
et al. 2021), integration of sexual and reproductive health 
services with HIV services (Mayhew et al. 2020), expand-
ing ART access (Myburgh et al. 2021), respectful maternity 

care (Reddy et al. 2022), and emerging infectious disease 
preparedness (Palagyi et al. 2019). They demonstrate that 
the hardware–software conceptualization is a useful way to 
understand the scope of influences on a range of health system 
programmes and experiences.

Discussion
The scoping review revealed an increase in the use of the 
term ‘health system software’ over the last 12 years, suggest-
ing that such research has picked up momentum. However, it 
also reveals that only in a few studies has the concept been 
used actively to inform the research undertaken, implying, for 
the most part, a somewhat superficial application. This is evi-
denced by the high number of studies categorized in the review 
as ‘using the concept to acknowledge its importance’.

This scoping review sought primarily to inform future 
HPSR, by mapping how the concept of health system soft-
ware has been used since 2011. Figure 9 summarizes the 
insights of relevance to researchers. The figure also pro-
vides some insights for other health system actors around the 
hardware–software conceptualization.

The papers reviewed were mostly drawn from LMIC con-
texts, reflecting the general focus on LMICs within the field 
of HPSR, as emphasized by Sheikh et al. (2011) and Bennett 
et al. (2011). Nonetheless, as Sheikh et al. (2011) suggested 
that the hardware–software conceptualization had value in 
high-income settings, researchers in such countries should not, 
therefore, shy away from using it.
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Figure 8. Key interactions between health systems hardware and software components across the hierarchy of TB-IPC controls. (Notes: solid arrows 
show interactions between health system hardware components. Dashed grey arrows show interactions between health systems software and 
hardware components. Software elements are in grey.) [Source: adapted from Arakelyan et al. (2022)].

Figure 9. The insights drawn from this review (as summarized in this figure) can be grouped into two: insights for researchers (boxes 1) and insights for 
other health system actors (box 2) (Source: author).

Value of looking at hardware, software, and their 
interactions
Established health policy and systems researchers have 
already proposed that viewing health systems as CAS is impor-
tant and that hardware–software interactions are part of their 
complexity (Blaauw et al. 2003, Sheikh et al. 2011, Elloker 
et al. 2012). These components have dynamic relationships 
and unpredictable influences on one another (Sheikh et al. 
2011). Identifying and reviewing papers that have applied 
the hardware–software conceptualization in considering how 
software and its interactions with hardware impact on health 
system experiences offers further evidence of its value.

The experiences considered in these papers are summa-
rized in Fig. 5, Table 4, and Table 5. They suggest that the 
hardware–software conceptualization has relevance across 
the macro, meso, and micro levels of the health system. They 
also highlight its value in understanding health programme 
experiences (e.g. TB and HIV/AIDS), as well as wider system 
experiences important in themselves (such as accountability, 
preparedness, and policy implementation), some of which 
also have links to overall system performance (e.g. CHW 
programme performance and quality of care). Some of these 
experiences are, moreover, reflected in what Bertone et al. 
(2022) have recently called ‘health system process goals’ (e.g. 
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learning and resilience), as opposed to overall health system 
performance goals. This current review suggests, then, that 
the hardware–software conceptualization could offer value in 
future health system evaluations considering process goals—
evaluations judged by Bertone et al. (2022) as important in 
generating new ideas about health systems strengthening.

However, as this review has shown, existing research 
on health system software and hardware–software interac-
tions remains limited. More research is needed to deepen 
understanding, and this research must be strengthened by 
more explicitly and purposively engaging with the hardware–
software conceptualization. This synthesis highlights three 
relevant approaches.

Deepen exploratory and descriptive research on health 
system software
Given the still limited body of relevant research (Sheikh 
et al. 2011, Gilson 2013), more exploratory and descrip-
tive work would be useful—offering further insights into 
forms of software and their interactions with hardware. Two 
steps to deepen such work are to preidentify which fea-
tures of software to examine, and to ensure full coding 
of all data collected using the overall conceptualization in
analysis.

Clearly identify the software dimensions of focus.
Sheikh et al. (2011) and Elloker et al. (2012) somewhat brief 
and surface-level descriptions of what software constitutes are 
summarized earlier. The concepts they identify, such as ideas, 
interests, values, norms, power, tangible, and intangible soft-
ware, are broad, and somewhat open-ended categories that 
are not in themselves well defined.

In this review, we have identified the various software 
elements that have been investigated empirically, provid-
ing examples of the forms of software examined in real-
world experiences. We also developed subcategories of 
both tangible and intangible software, as seen in Table 3, 
offering some conceptual clarity about health system soft-
ware that can be used as a starting point for future
research.

However, it is worth pointing out that some software ele-
ments have been neglected within empirical inquiry. Blaauw 
et al. (2003) describe research conducted in the beginning 
of the 2000s which investigated histories (Froestad 2002, as 
cited in Blaauw et al. 2003) and national political discourse 
(Schneider and Fassin 2002), identifying such issues as soft-
ware. However, such factors, along with issues such as gender, 
cultural competencies, attitude of risk-averseness, authority, 
and hierarchy are not well represented in the literature since 
2011. This may point to a limited understanding of what 
software constitutes, or limited inquiry, and suggests that 
future research should seek to explore such factors as well as 
deepening inquiry around the software elements identified in 
Table 3.

Use hardware–software conceptualization to guide data 
analysis.
The review revealed that many of the included studies coded 
health system elements as either hardware or software as part 
of data analysis (outlined in Table 4). Topp et al. (2015),

Mwamba et al. (2018), Kagwanja et al. (2020), Arakelyan 
et al. (2022), and Das et al. (2022) all discuss that the 
hardware–software conceptualization was useful to charac-
terize the various influences on the health system experiences 
they examined.

Using frameworks during qualitative data analysis is 
important in enhancing rigour because it separates the inter-
pretations of the researchers from the experiences of the 
participants (Ritchie et al. 2013). The credibility of findings 
is enhanced as interpretation and the findings are clearly dis-
tinguished. Furthermore, using frameworks within analysis 
helps justify the decisions made within qualitative research 
and enhances rigour (Kegler et al. 2019).

Finally, by categorizing health system elements as either 
hardware or software, further conceptual clarity about the 
specific elements of both categories is developed (and this 
could, e.g., add to Table 3). Researchers should, therefore, 
consider using the hardware–software conceptualization as a 
coding framework to explore and analyse influences on vari-
ous aspects of health system experience, as was done within 
the papers outlined in Table 4.

Deepen explanatory research about health system software
A stronger understanding of the influence of health system 
software in health systems could be developed by conducting 
more explanatory research that explicitly sets out to explain 
how and why software impacts on system experiences (Sheikh 
et al. 2011, Gilson 2013). Within such work, a more purposive 
or deductive inquiry approach would be useful in tracing 
complex interactions.

For example, the second phase of the review identified two 
literature reviews, one of which generated a specific frame-
work, which were then purposively used in subsequent empir-
ical research. Palagyi et al. (2019) identified what hardware 
and software elements influence health system preparedness 
for emerging infectious diseases and their synthesis was then 
to guide their empirical inquiry in Lebanon by Moussallem 
et al. (2022). Similarly, Kok et al. (2017) developed a model 
of the interacting influences over CHW performance from lit-
erature synthesis that was subsequently used by Zawolo et al. 
(2022) to inform their research.

Reviews can, then, be a step towards purposefully using 
the software concept to inform future research. They synthe-
size the evidence on a particular topic (Arksey and O’Malley 
2005) and allow for rich interpretations of phenomena (Flem-
ming and Noyes 2021). Reviews could, e.g. reveal which 
software factors are worth looking at in relation to specific 
health system experiences, so that researchers can purposively 
investigate these factors.

However, three papers that used the hardware–software 
conceptualization more deductively (Schneider et al. 2014, 
Reddy et al. 2022, Wanyama et al. 2022) did not clar-
ify on what prior work they were based. This may under-
mine the claims these authors make. We therefore encourage 
researchers to, in future, make clear on which prior work they 
base their own research.

Additionally, researchers conducting primary empirical 
research could design data collection tools that iteratively 
elicit insights on software elements, allowing new insights to 
emerge throughout analysis.
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Conduct research about the interactions among 
hardware–software
The second phase of the review revealed that only three papers 
explicitly investigated interactions among the identified hard-
ware and software elements (Topp et al. 2015, Arakelyan et al. 
2022, Das et al. 2022).

Blaauw et al. (2003), one of the first papers to introduce 
these concepts, theorized varying perspectives of health sys-
tems. The mechanistic perspective views health systems as 
made up of clearly defined and separate components. Iron-
ically, the lack of investigation into the interactions of the 
hardware and software elements assumes a rather mechanistic 
view of these elements, as they are presented as isolated and 
independent from each other. Adam and de Savigny (2012) 
also argue that focusing on isolated components limits our 
ability to conceptualize a health system as a CAS. They sug-
gest that understanding the interacting components is critical 
in understanding the operations of any health system.

Elloker et al. (2012) and Sheikh et al. (2011) also specif-
ically highlight that interactions among hardware and soft-
ware elements are an important feature of the conceptual-
ization. Although some papers included in this review did 
explicitly examine interactions [within policy implementa-
tion (Arakelyan et al. 2022) and an accountability experience 
(Topp et al. 2015)], some only presented a surface-level assess-
ment (Kagwanja et al. 2020; Mwamba et al. 2018), and most 
did not examine interactions at all.

However, Arakelyan et al. (2022) provide an unusual 
and strong example of how to depict and examine these 
interactions in their case within the implementation of TB-
IPC programmes. For example, staff workload (software) 
impacted on the patient file retrieval system (hardware), and 
this, in turn, impacted on patient waiting time. This would 
ultimately influence patient flow and congregation within the 
TB-IPC programme (Arakelyan et al. 2022).

Their diagrammatic depiction of interactions (Fig. 8) acts 
as a useful example of the research approach called for 
by Adam and de Savigny (2012) ‘dynamic and holistic 
approaches that appreciate the multifaceted and intercon-
nected relationships among health system components’ (p. iv). 
Future HPSR should seek to both understand and represent 
these relationships, as Arakelyan et al. (2022) have done. This 
would add to the knowledge of how to think of health systems 
as CAS and, as Adam and de Savigny (2012) argue, would aid 
in institutionalizing this way of thinking.

Value of system software in policy and practice
Adam and de Savigny (2012) discuss how the characteristics 
of CAS include the ‘views, interests and power of its dif-
ferent actors’ (p. iv). Therefore, as components of complex 
health systems, actors are themselves interacting with other 
components. Health system actors are also conscious beings, 
and in this lies another opportunity for applying the concept 
of health system software outside research. If health system 
managers are cognizant of the underlying software driving 
behaviours, this not only would increase their awareness of 
these software influences but also, as argued by Ramani et al. 
(2022), would offer ideas about strategies that they could 
use in rewiring organizational software to influence their 
staff’s behaviours and actions. Being aware of the concept 
of software allows managers to better understand that health 
systems are CAS and to navigate their dynamics.

Walker and Gilson (2004), a study not included in this 
review, provide an example of when it might be useful to 
understand software within a particular context. They studied 
nurses’ perceptions of the implementation of a free care policy 
in South Africa. One finding of their study was that nurses felt 
overlooked in the development of the policy process, and these 
feelings of isolation (software) were found to be barriers to the 
policy’s implementation. As the authors conclude, if managers 
and policymakers had incorporated the nurses into the policy 
process and made them feel more included, more positive per-
ceptions and attitudes towards the policy may have resulted 
and led to more successful policy implementation.

Another study included in this review also found that 
health managers showed interest in the software concept 
(Nzinga et al. 2021). A health system course increased man-
agers’ recognition that software is important, while other 
interventions improved their self-awareness and overall com-
munication practices. A systematic review supports this idea, 
by emphasizing that the quality of health care could improve 
through health workers being more self-aware about hierar-
chical power dynamics (Kearns et al. 2021). These authors 
point out that these dynamics ‘inhibit team communication 
and speaking up behaviours, which impacts team effectiveness 
and patient safety’ (p. 1).

Furthermore, a study conducted in 2003 in a Canadian 
medical school also supports this idea, by emphasizing that 
doctors need to learn how to be self-aware of their power 
relations:

… what would help them [doctors] be better physicians 
is getting in touch with their own biases … the work of 
helping patients become whole again, requires of the physi-
cian’s own self-awareness: “When they are not brought to 
the level of consciousness, physicians’ personal attitudes, 
biases, fears, emotional reflexes, psychological defences, 
and moods can interfere with their abilities to arrive at an 
accurate diagnosis, prescribe appropriate treatment, and 
promote healing” …. (Beagan 2003, p. 613)

Beagan’s research argues that health practitioners need to 
understand the underlying power systems, which influence 
their own behaviours. These power systems are intangible 
software features that influence the social roles people have 
in a society and how they interact with each other.

Nzinga et al. (2021) conclude that including health systems 
software in training courses health managers and practitioners 
could change the way they work and so directly impact on the 
software of the health system.

Study limitations
A search strategy was created with the help of an expert 
UCT Faculty of Health Sciences librarian. Although this con-
tributed to the robustness of the scoping review, it is possible 
that not all relevant papers were identified. This could have 
been due to the tight focus on the term ‘health system soft-
ware’ rather than, e.g., searching for papers using terms for 
the wide array of software elements. This means that studies 
which have relevance to health system software, but do not 
specifically use the varying forms of the term ‘health system 
software’ which we indicate in the search strategy, were not 
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included in this review. However, this tight focus was appro-
priate as the aim was to review how the specific term ‘health 
system software’ has been used. Furthermore, our search 
strategy did not involve seeking recommendations from col-
leagues, which may have contributed to gaps in the literature 
included in this review.

This review is also limited by only including English pub-
lications. There may also be bias as only one reviewer under-
took the data extraction and analysis for this review, although 
a second researcher aided in ensuring rigour by reviewing the 
extracted data and analyses.

Conclusion
The field of HPSR acknowledges that understanding health 
system software can aid in understanding how health sys-
tems work in reality. However, this review has revealed that 
since 2011, when first called for, limited research has directly 
considered the software concept, and very few papers have 
used the concept purposively to support empirical research. 
Various insights were drawn from the review. First, the 
hardware–software conceptualization offers value as a frame-
work within HPSR. Furthermore, future research can build 
on the existing work that has actively used the software 
concept. Clarity and practical guidance on how to investi-
gate interactions between hardware and software elements is, 
however, needed as there may be uncertainty about how to 
conduct such research. Lastly, health system actors other than 
researchers can benefit from being aware of health system soft-
ware. We therefore encourage future research to make use of 
this concept and so strengthen HPSR by considering health 
systems as CASs.
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