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Background: Even though the government has set several admirable targets for raising the
standard of healthcare, as highlighted by communities and media reports, public health
institutions’ services continue to fall short of patients’ expectations and basic standards of care.
For this reason, the general public has lost faith in the healthcare system. The public healthcare
system in South Africa is completely dysfunctional and urgently needs to be transformed to
serve the majority of those who use public hospitals.

Objectives: The study aimed to improve healthcare for the majority of South Africans by
investigating the critical success factors (CSFs) that influence the adoption of smart card
technology (SCT) in South African public hospitals.

Methods: A thorough review of peer-reviewed literature was conducted to determine potential
barriers to adopting SCT. Furthermore, a hybrid model that combines the Health Unified
Technology of Acceptance Theory (HUTAUT) model, DeLone and McLean IS success model
(D&M) and the diffusion of innovation (DOI) theory will be developed, validated and tested
to identify the CSFs adoption of SCT in public hospitals in South Africa.

Results: The validated research model has been developed to be adopted by nurses at public
hospitals.

Conclusion: This research will contribute to the development of a new framework that
identifies the CSFs for SCT adoption in South African public hospitals.

Contribution: The study’s results will make a special contribution to the body of knowledge
in the fields of health informatics, particularly e-health.
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Introduction

The World Health Organization (WHO) defined e-health as the use of information communication
technologies (ICTs) for healthcare. Much attention has been drawn to the efficient use of medical
information management systems by academics. Alberts et al. (2014) state that e-health
technologies are used to treat patients, conduct medical research, educate the health workforce,
track diseases and monitor public health. Lau and Kuziemsky (2016) added that e-health is an
evolving field in the interaction of medical informatics, public health, and business, health services
and information delivered or enhanced through the Internet and related technologies. The last
decade has seen the emergence of smart card technology (SCT), which has various potential
applications in the manufacturing, banking, logistics, agriculture, retail sectors and the healthcare
sector. The continuous nature of health services, which must be delivered with high quality and
effectiveness around the clock, presents the healthcare business with numerous obstacles
(Aboelmaged & Hashem 2018). Prior studies have shown that the adoption of new technology is
seen as the new critical success for healthcare services in South Africa. Although SCT is customised
according to the sectoral needs, it consists of a single memory chip with no other functions, an
embedded integrated circuit, a secure microcontroller, or any device with comparable intelligence
and internal memory.

The electronic health card, for example, was adopted in Germany as the foundation of its e-health
infrastructure (Wirtz, Mory & Ullrich 2012). Barbosa, Takako and Sadok (2020) found that there
were challenges in interfacing with human users and other systems. However, the lack of data
support and confidentiality leads to authenticity control of devices on the network. Furusa and
Coleman (2018) pointed out that for e-health to be implemented in Zimbabwe, doctors would
have to demonstrate their capacity to use the technology. For this reason, doctors have been

http://www.sajim.co.za . Open Access


http://www.sajim.co.za
https://orcid.org/0000-0001-5981-6774
https://orcid.org/0000-0002-2149-7429
mailto:Motsil@Unisa.ac.za
https://doi.org/10.4102/sajim.v25i1.1613
https://doi.org/10.4102/sajim.v25i1.1613
http://crossmark.crossref.org/dialog/?doi=10.4102/sajim.v25i1.1613=pdf&date_stamp=2023-03-31

required to learn how to use e-health technologies in public
hospitals, which require hardware and software that cannot
be avoided during treatment. This study seeks to address
challenges facing South African hospitals regarding
administration, medical assistance, the provision of
healthcare services and many others by using critical factors
for the adoption of SCT. The findings will guide nurses,
management, clinicians and pharmacists in adopting SCT for
delivering healthcare services at hospitals to patients.

Theoretical gaps

Healthcare Unified Theory of Acceptance of User Technology
(HUTAUT) aimed to understand why users accept or reject a
technology and how healthcare technology design can
improve user adoption. The HUTAUT was developed by
Maeko and Van Der Haar (2018) for allowing acceptance and
user influence in public healthcare (Maeko & Van Der Haar
2018). The HUTAUT model was only tested as a new model
in healthcare and has added value in understanding the
many phases of technology implementation in healthcare.
However, the framework relied much on good skills and
user interaction to achieve a successful technology
deployment, which is a barrier to implementation in
hospitals. Therefore, can only be effectively adopted as an
adoption process in South African public hospitals.

Quantitative researchers have widely used DeLone and
McLean (D&M) models to assess the effectiveness of
information systems (IS) (DeLone & McLean 1992, 2003).
This evaluation framework has typically been used to
determine how various success factors might benefit people
and organisations. However, the D&M model appears to be
common. As a result, more evaluations are needed to find
additional potential elements that might have a favourable
impact on how well healthcare professionals use the SCT in
public hospitals. Smart card technology can be used to share
information, promote technological expertise and improve
uses across several systems. Hence, knowledge quality for
completion should be included in an IS quality review
(Jeyaraj 2020). As healthcare systems are familiar with the
D&M model, the D&M model is considered as being
irrelevant because of the mandatory use of other e-health
systems (Petter, Delone & McLean 2013). Therefore, the D&M
model must be revised with an improved measure for IS user
performance when it is compulsory. In measuring the success
of IS, the D&M models delineate user satisfaction. However,
there is a strong correlation between system quality,
information quality and the subjective measure of user
satisfaction construct (Aquino et al. 2018), thus the low
explanatory capability because of recurring measures (Srur &
Drew 2012).

Although diffusion of innovation theory (DOI) has been used
in most qualitative studies, DOI has been applied in
academics and other institutions to adopt the technology.
The DOl is defined as a theory that examines how innovation,
communication channels, time and social systems interact for
the adoption of a new idea, concept or technology in a given
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adopter market (Mollaoglu et al. 2016). However, most
organisations have long realised that adopting or rejecting
information technology (IT) leads to the success or failure of
business objectives. As a result, the ability to communicate
new technology and the user’s acceptance of it has become
crucial to IS research and practice (Iyamu 2021). Therefore, it
has been observed that public healthcare may not have the
opportunity to recognise the consequences or feedback from
healthcare professionals.

Research model

Sets of relationships among exogenous, mediating and
endogenous constructs of the proposed study model are
illustrated in Figure 1. Each path possesses a positive
hypothesised effect. For the benefit of this study, the
HUTAUT model (Maeko & Van der Haar 2018), the Delone
and McLean IS success model (2003) and the DOI theory
(Rogers 2003) were identified as the underpinning theoretical
frameworks. In the context of this study, the independent
variables in this study were expected to be sustained factors
that lead to positive user behavioural intention. Constructs
such as behavioural intention and user satisfaction were used
as mediating factors. A schematic view of this model is
shown in Figure 1.

Methodology
Study design

In this study, HUTAUT, D&M models and DOI are based on
prior quantitative instruments connected to the research
variables and the local context of South African public hospitals
adoption was used to build the important factors for the SCT
user survey that was conducted. A 5-point Likert scale was
used to collect responses, with 1 representing ‘strongly
disagree” and 5 representing ‘strongly agree’. According to
what is implied by this scale, the respondents have a
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FIGURE 1: Develop a model for critical success factors for the adoption of smart
card technology in South African public hospitals.
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lot of selection flexibility (Hung, Tsai & Chuang 2014).
After analysis, a survey questionnaire should be included for
increased reliability and validity (Odhiambo 2015). The study
further reviewed the questionnaires before data collection by
distributing them to nurses.

For the new questionnaire, a pilot test was carried out for 50
nurses at Steve Biko Academic Hospital (six emergency nurses,
13 midwives, 14 paediatric nurses, 15 neonatal surgical nurses,
and 2 other nurses from different departments). The result was
further analysed by principal component analysis (PCA) using
the Statistical Package for the Social Sciences (SPSS),
specifically, for all measured constructs.

The Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests were the
second result of the PCA factor analysis. The KMO statistic
ranges from 0 to 1. For factor analysis to be effective, the value of
KMO should be close to 1 rather than 0. A value close to 1
indicates that correlation patterns are relatively compact,
implying that factor analysis should yield distinct and reliable
factors. Accepting values greater than 0.5 is recommended by
Kaiser (1974). Furthermore, values between 0.5 and 0.7 are
considered mediocre, values between 0.7 and 0.8 are considered
good, values between 0.8 and 0.9 are good and values greater
than 0.9 are considered superb. Therefore, the KMO statistic
value for the data used in this study was found to be 0.918.

Data collection

A purposive sampling technique was employed to collect the
data due from nurses from different wards. This study used
the cross-sectional data collection method based on structured
questionnaires. Structured questionnaires were provided to
healthcare personnel at Kalafong Tertiary Hospital, Steve
Biko Academic Hospital, Tshwane District Hospital and
Pretoria West District Hospital. These hospitals were chosen
based on a few characteristics, including their location in
Gauteng and the communities or areas they serve.
Furthermore, each hospital is classified as academic, tertiary
or district-based hospital. Data were collected over 9 months
because of the coronavirus disease 2019 (COVID-19)
pandemic. A total of 486 survey questionnaires were
distributed; however, the responses were 406 in total. Steve
Biko Academic exhibited the highest usable responses (60%)
followed by Kalafong Tertiary hospital (15%), Tshwane
District hospital (10%) and Pretoria West hospital (5%).

Data analysis technique

Quantitative analysis is used to determine the strength of
correlations between various components in the context of an
event. The predictions of a theory are used in this procedure
to see whether the hypothesis is viable. The greatest strength
of quantitative analysis lies in providing repeatable evidence
that supports the theoretical prediction. Furthermore,
quantitative analysis can detect minor associations, which
would be undetected by human data analysis. The
questionnaire data were collected, analysed and validated
with SPSS (v26). The variables were then defined and
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labelled. In addition, before using SPSS, data were imported
into Microsoft Excel to check for errors (Esewe 2017). For
complex statistical data analysis, a multitude of academics
utilise SPSS. The SPSS software package was created for the
management and statistical analysis of social science data.
Respondents from the listed hospitals in the Tshwane district
completed all questions. The study adopted variables and
relationships for statistical techniques using SPSS software.
For the benefit of data analysis, exploratory factor analysis
(EFA), confirmatory factor analysis (CFA) and structural
equation modelling (SEM) were applied for a hybrid of factor
analysis and path analysis (Maguraushe 2021).

Ethical considerations

Ethical clearance to conduct this study was obtained from
the University of South Africa CAES Health Research
Ethics Committee (reference no. 2020/CAES_HREC/081).

Results
Descriptive analysis

Using descriptive statistics, we investigated and analysed
summary information on the distribution and central
tendency of continuous variables. Mean, minimum,
maximum and skewedness values were used to analyse and
comprehend the distribution of the collected data. The mean
value represents the midpoint of the available range.
Skewness is a measure of asymmetry in a set of statistical
data from the normal distribution (Pallant 2020). Skewedness
is classified into two types: negative and positive (Pallant
2020). The females had the highest representation of 63%,
while their male counterparts were 37% of the total sample.
Generally, it was difficult to have an equal representation of
both gender; therefore, these statistics are acceptable so that
the conclusions drawn from this study can be generalised
across gender.

A total of 406 usable responses from the total distributed 486
surveys, representing a 74% response rate, were subjected to

M 1. Female (63%)
M 2. Male (37%)

FIGURE 2: Characteristics of the study population.
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descriptive analysis in SPSS. Figure 2 depicts the profile of
therespondents. The sample exhibited unequal representation
of female (63%) and male (37%) nurses because of a larger
percentage of female nurses in the surveyed hospitals. There
was an unbalanced number of respondents because of
COVID-19-related illnesses among these nurses affected the
response rate.

Respondents were asked to specify the department they
work in. The results as summarised in Table 1 indicated that
32.5% of the respondents work in the surgical department,
which is the most represented. The midwifery department
followed this with a total of 31.5% of the sample. Emergency
and paediatric departments represent 20.2% and 10.6%,
respectively. The least represented departments are the
neonatal and other departments that were not explicitly
mentioned in the questionnaire, each with 4.9% and 0.2%,
respectively.

Results from the structural equation modelling

In this study, the outcome of the structural equation model
highlighted the relationship between the investigated
constructs. The summary was extracted from Analysis of a
Moment Structures output of the standardised significance
levels obtained after running the hypotheses in Table 2. The
levels of the hypothesised relationships between latent
variables compromised the underlying causal structure of
the SCT implementation. The hypothesised relationship
was established according to a ratio of 1.96. This simply
means that hypotheses are significant or supported, and if

TABLE 1: Department frequency distributions.

Department Frequency Percentage
Emergency 82 20.2
Midwifery 128 315
Paediatric 43 10.6
Neonatal 20 4.9
Surgical 132 32.5
Others 1 0.3
Total 406 100

TABLE 2: The result of the tested hypothesis.
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their constructs should be greater than 1.96, then it is
rejected.

Final research model

Only the hypotheses included in the final research model,
depicted in Figure 3, were accepted. The model also depicts
the relationship between organisational factors, technological
acceptance factors and IS success variables that led to the
adoption of SCT in observable ways. The accepted hypotheses
H5, H8, H9, H10, H11, H12 and H13 make up the critical
success factors (CSF) that conceptualise the adoption of SCT.

Discussion

This study aimed to investigate the CSF of SCT in South
African public hospitals with the relationship between
behavioral intention (BI), system quality (SQ), system
usage (SU), information quality (IQ), communication (C),
Compatibility (CP) and trialability (TR) have the influence of
these variables on SCT. The results in Table 2 show that the
first hypothesis effort expectancy (H1) was not supported.
This suggests that effort expectancy does not significantly
impact the implementation of SCT (B = —-0.575, p = 0.862,
R? = 0.75). The findings of this study corroborate Steininger
et al. (2014) that some of the variables have a significant
impact on the implementation of IT systems. Although some
of the variables were found to be having a positive impact on
the adoption of the SCT, such as hypothesis 5, BI having a

‘ Service quality ‘ ‘

‘ Behavioural intention }7

Eﬂ SCT implementation

‘ Communication ‘ ‘ Compatibility ‘

Trialability ‘

‘ System usage

‘ Information quality

SCT, smart card technology.

FIGURE 3: Final model for the critical success factors for the adoption of smart
card technology in South African public hospitals.

Hypothesis Path Standardised estimate SE CR V4 Decision

H1 M <--- EE -0.575 0.025 0.174 0.862 Unsupported
H2 IM <--- PE Hypothesis dropped because of low reliability

H3 M <--- Sl -0.054 0.032 0.148 0.882 Unsupported
H4 M <--- FC -0.208 0.023 0.203 0.840 Unsupported
H5 M < BI -0.209 0.063 -5.287 ok Supported
H6 M <--- UA 0.480 0.019 0.331 0.741 Unsupported
H7 M < us -0.317 0.028 0.078 0.937 Unsupported
H8 M <--- SuU 0.209 0.029 5.363 K Supported
H9 M < Q 0.557 0.047 8.883 kK Supported
H10 M <--- sQ 0.562 0.032 6.436 K Supported
H11 IM < ¢ 0.211 0.046 7.538 ok Supported
H12 M <--- cp 0.419 0.081 6.021 K Supported
H13 M < TR -0.020 0.090 7.437 ok Supported

SE, standard error; CR, conversion rate; EE, effort expectancy; PE, performance expectancy; SI, social influence; FC, facilitating conditions; UA, user attitude; US, user satisfaction; CP, compatibility;
IM, information matrix; Bl, behavioral intention; SQ, system quality; SU, system usage; 1Q, information quality; C, communication; TR, trialability.

*%% < 0.001.
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significant impact on the adoption of SCT was supported
(B = -0.209, p < 0.001, R* = 0.75) suggesting an inverse
relationship between the two variables.

However, the performance expectancy (H2) hypothesis was
dropped because of low reliability. On the other hand,
hypotheses 6 and 7 (user attitude and user satisfaction effect
on adoption of SCT) were not supported (f = 0.480, p = 0.741,
R?=0.75and p =-0.317, p = 937, R* = 0.75, respectively). This
finding resonates with the previous research in a study
conducted on the understanding of the barriers and the levels
of adoption for physicians in the United States of America
(USA) (El-Yafouri & Klieb 2014). Therefore, the findings in
this study support that the hypotheses from 8 to 13 were
supported. It was found that system use (p = 0.209, p < 0.001,
R?=0.75), information quality (8 = 0.557, p < 0.001, R* = 0.75),
service quality (8 =0.562, p <0.001, R? = 0.75), communication
(B = 0.211, p < 0.001, R? = 0.75), compatibility (B = 0.419, p <
0.001, R? = 0.75) and trialability (B = -0.020, p < 0.001, R?* =
0.75) variables had a significant impact on the adoption of
SCT in South African public hospitals.

Conclusion

This study examined the CSF that South African public
hospitals needed to adopt SCT. This study identified four CSF
for theadoption of SCT: The cost of adopting SCT, management
strategies and technology, data management of the smart card
by healthcare professionals, and privacy and security of data
management in healthcare. Three underlying theories were
used in this study as a lens to analyse the CSF for the adoption
of SCT. The HUTAUT model, the DeLone and McLean IS
success model (D&M) (2003) and the DOI were all integrated
into the framework that was developed. This framework was
tested and validated to identify the CSF for the adoption of
SCT. The findings indicate that the primary stakeholders
influencing the origination’s implementation strategy are the
government, top management, shareholders and employees.
However, the results show that the implementation strategy
of any system within an organisation is influenced by how the
organisation perceives its workers. The data collection process
for this study may have some limitations. This study included
406 participants and information was collected from them at
Steve Biko Academic Hospital, Tshwane District Hospital,
Kalafong Tertiary Hospital, and Pretoria West Hospitals. As a
result, because this study was limited to a single province’s
small scale, it might not be adequate. For this reason, it is
advised that studies be carried out in the future that
concentrate on other public hospitals that are included in
the study.

Implications
Policy implications

The study’s findings showed that the effectiveness of
information and service had a major influence on the
adoption of SCT in healthcare. The study’s findings also
imply that strict policies must be adopted to ensure the
effective and efficient use of SCT in public healthcare. This
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study’s findings confirmed that regardless of whether a
service is provided by internal agencies or by outside
contractors, policies and procedures must guide the service
provider. According to Hsu, Yen and Chung (2015), service
quality makes it possible to assess the caliber of ICT services
offered by healthcare professionals. As a result, it has been
made clear how important service quality is when applying
SCT in public healthcare, especially when dealing with
patients’ vital health information. In order to maximise the
use of smart card technologies, adequate regulations are
needed to control the operational requirements and service
quality of healthcare providers.

The researchers draw the conclusion that the absolute
quality of the information in the system is necessary for the
adoption of smart cards in public healthcare to be successful.
According to Kilsdonk, Peute and Jaspers (2017), the idea of
information quality is the integration of various elements,
such as human, organisational and technical variables that
provide a variety of information in the system. Furthermore,
the Department of Health needs to create a clear policy
guide based on the study’s background which would make
it easier for the public and private sectors to use computer
technology in their different settings while maintaining high
data quality.

An environmental management system is a set of
management principles, operational procedures and
performance standards for improving a business’s
environmental performance (Angeles 2014). Infrastructure,
privacy and security issues must be addressed while making
wise decisions to maintain healthcare performance. Without
first educating healthcare professionals about the technology,
the Department of Health would not be able to decide on the
adoption of SCT. Furthermore, of the people in their
environment, healthcare professionals are socially
conditioned to respond in a variety of ways (Howell et al.
2016). The extensive use of performance construct adopted in
HUTAUT, which directly impacts implementation, is said to
be directly impacted by technology.

Theoretical implication

The research’s findings were thoroughly investigated and it
was found that BI, communication, compatibility and
trialability positively impact the adoption of SCT. According
to the studies of the following theories, it can be inferred that
these findings have direct theoretical implications:

e Maeko’s Unified Theory of User Technology Acceptance
of User Technology in Healthcare (HUTAUT) is
supported by BI (Maeko & Van der Haar 2018).

e The DeLone and McLean IS success model (2003) is
supported by system use.

* Rogers’ (2003) DOI theory is supported by factors such as
communication, compatibility and trialability.

Maeko’s (Maeko & Van der Haar 2018) HUTAUT model
shows that BI affects how people use technology. The
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mediating construct that is significant for the adoption of
SCT is the BI construct as used in the UTAUT model (as
HUTAUT is derived from UTAUT theory). In addition, Bl is
the primary indicator of SCT’s actual use and demonstrates
the healthcare professional’s willingness to wuse it.
Intriguingly, the study discovered that BI significantly affects
SCT in public healthcare and that it is a valid construct in the
HUTAUT model with a significant value of 0.01. As a result,
there are higher standards for SCT adoption, including
behavioural intent and commitment to using technology to
improve the adoption environment for SCT.

System use is a crucial aspect of adopting SCT in public
healthcare and has been extensively used in studies by the
Delone and McLean IS success model (1992, 2003). Because
system use makes healthcare operational processes simpler, it
is believed to significantly impact SCT in public healthcare. In
addition, it has sophisticated search features, multiple access
points and the capacity to digitally combine data from
numerous databases worldwide (Acquah-Swanzy 2015). In
line with technological adoption and usage, the findings
highlight communication, compatibility and trialability as
essential elements of Rogers” (2003) DOI theory. For SCT to be
adopted in public hospitals, communication, compatibility
and trialability are all crucial components with important
values (p = 0.01). This statement backs up Rogers” DOI model’s
theoretical stance. According to the DOl theory, communication
is the primary means by which news about innovations such
as the SCT is disseminated through contemporary media.
Rogers (2003) asserts that the degree of confidence that is
dependable on existing principles and the anticipated user
requirements determine compatibility. The results of this
study corroborate Rogers’ findings from 2003, who discovered
that compatibility can accommodate individual preferences
using SCT systems, making innovation more adaptable in
public healthcare institutions.

The concept and theory that encourages healthcare
professionals to adopt novel approaches and adopt goals
and values that are compatible with their current work
practices are strengthened by this study. As a result,
advantages such as data protection, storage capacity, data
consistency, access authorisation, data ownership, device
usability and privacy concerns become apparent early on in
the adoption process (Cripps, Standing & Prijatelj 2012). The
results of this study also support Rogers’ (2003) DOI theory,
according to which compatibility is a key factor in the
introduction of new products such as the SCT in public
healthcare facilities.

In addition, according to Rogers (2003), trialability — or a
system’s ability to be tested or trialled before making firm
decisions—isacrucial element for technology implementation.
According to the study’s findings, trialability significantly
affects SCT implementation, which is consistent with Rogers’
(2003) research. This study addressed the importance of
trialability in SCT adoption and confirms the work of Dos
Santos Brito (2014). It was found that trialability in DOI
addresses the adoption of technology in healthcare from data
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inputs, data storage and data processes on portable devices
and servers to maintain personal data for smart health. The
findings of this study are also consistent with those of Tsai
and Chang (2016), who discovered that a system’s adoption
is the only factor that determines whether it succeeds or fails.
This covers the creation and administration of policies as
well as software planning and development.
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