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Abstract

Introduction: Healthcare delivery systems across the world have been shown to fall
short of the ideals of being cost-effective and meeting pre-established standards of
quality but the problem is more pronounced in Africa. Cloud computing emerges as a
platform healthcare institutions could leverage to address these shortfalls. The aim of
this study was to establish the extent of cloud computing adoption and its influence
on health service delivery by public health facilities in Kisumu County.

Methods: The study employed a cross-sectional study design in one-time data collec-
tion among facility in-charges and health records officers from 57 public health facili-
ties. The target population was 114 healthcare personnel and the sample size
(n = 88) was computed using Yamane formula and drawn using stratified random
sampling. Poisson regression was used to determine the influence of cloud comput-
ing adoption on the number of realized benefits to health service delivery.

Results: Among 80 respondents, Cloud computing had been adopted by 42 (53%)
while Software-as-a-Service, Platform-as-a-Service and Infrastructure-as-a-Service
implementations were at 100%, 0% and 5% among adopters, respectively. Overall,
those who had adopted cloud computing realized a significantly higher number of
benefits to health service delivery compared to those who had not (Incident-rate
ratio (IRR) =1.93, 95% confidence interval (95% Cl) [1.36-2.72]). A significantly
higher number of benefits was realized by those who had implemented
Infrastructure-as-a-Service alongside Software-as-a-Service (IRR = 2.22, 95% ClI
[1.15-4.29]) and those who had implemented Software-as-a-Service only (IRR = 1.89,
95% Cl [1.33-2.70]) compared to non-adopters. We observed similar results in the
stratified analysis looking at economic, operational, and functional benefits to health
service delivery.

Conclusion: Cloud computing resulted in improved health service delivery with these
benefits still being realized irrespective of the service implementation model
deployed. The findings buttress the need for healthcare institutions to adopt cloud

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Learning Health Systems published by Wiley Periodicals LLC on behalf of University of Michigan.

Learn Health Sys. 2022;6:€10276.
https://doi.org/10.1002/Irh2.10276

wileyonlinelibrary.com/journal/Irh2 10f 10


https://orcid.org/0000-0002-9097-2713
mailto:ogwelbill@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/lrh2
https://doi.org/10.1002/lrh2.10276

OGWEL ET AL.

el i | earning Health Systems

delivery.

KEYWORDS

1 | INTRODUCTION

Cloud computing is defined as a model for enabling ubiquitous, expe-
dient, on-demand network access to a shared pool of configurable
computing resources that can be rapidly provisioned and released
with minimal management effort or service provider interaction.
Cloud computing is offered using three standard models: Software-as-
a-Service (SaaS) which entails the consumer using provider applica-
tions over a cloud infrastructure through either a program interface or
a client interface like a web browser; Platform-as-a-Service (PaaS)
which involves a service provider offering access to a cloud-based
environment over which consumers can build and deliver applications
with the provider infrastructure;

managing the underlying

Infrastructure-as-a-Service (laaS) where the consumer rents
processing, storage, networks, and other computing resources over
which they can deploy and run software like operating systems and
applications.? Cloud computing offers healthcare organizations an
array of benefits; economic, operational, and functional benefits.® The
economic benefits of cloud computing include less capital expendi-
ture, lower maintenance cost, reduced IT labor costs, and energy sav-
ings. The operational benefits include unlimited computing resources,
enhanced collaboration, a 24 hour platform and improved security.
Lastly, functional benefits are wider variety of services and the
potential for broad interoperability and integration. Cloud comput-
ing phenomenon is drastically shaking the waters of change in the
information technological environment and has emerged as a major
technological innovation across industries to reduce IT costs, foster
collaboration while increasing service delivery.*>

The health care delivery in both high-income countries and low-
and middle-income countries has been shown to fall short of the
ideals® of the citizens receiving healthcare services whenever needed
and the health services being cost-effective and meeting pre-
established standards of quality according.” However, the problem is
more pronounced in Africa with only 50% of its populace having
access to modern health care facilities and most countries spend less
than 10% of their gross domestic product (GDP) on healthcare.®?
Technology has been proposed as one of the solutions that can be
embraced to bridge this gap in health service delivery.’® Most health
facilities in the county (57%) have not integrated technology in their
operations and patient information is still captured using patient
books and hard copy forms! and as a result health service delivery
still suffers from increased human errors, poor clinical outcomes, poor
care coordination, practice inefficiencies, no tracking of data over
time, limited collaboration, and high financial costs.'? Cloud comput-

ing, due to its inherent characteristics and benefits, is an effective

computing and integrate it in their operations in order to improve health service

benefits, cloud computing, health facilities, health service delivery, Kenya

platform that healthcare organizations can leverage to improve health
service delivery. The determinants of cloud computing adoption in
this setting have been reported elsewhere®® and this paper focused
on establishing the extent of cloud computing adoption and its influ-
ence on health service delivery by public health facilities in Kisumu
County.

2 | QUESTION OF INTEREST
What is the influence of cloud computing and the various service
implementations models on health service delivery by public health

facilities in Kisumu County, Kenya?

3 | METHODS

3.1 | Study setting

This study was conducted in Kisumu County located in Western
Kenya by the shores of Lake Victoria and it has under its jurisdiction
57 public health facilities run by the Ministry of Health: Level
3-Health centers are run by a clinical officer as the facility-in-charge
and provide comprehensive primary care (n = 34); Level 4 Sub-county
hospitals are managed by a medical superintendent and offer compre-
hensive medical and surgical services. (n = 22); Level 5 County referral
hospital which is the referral point for the sub-county hospitals and

offer specialized care (n = 1).2*

Kisumu is plagued with high burden of
disease: child mortality (infant mortality rate: 95 per 1000 live births;
under five mortality rate: 149 per 1000 live births), HIV/acquired
immune deficiency syndrome prevalence (16.3%), and malaria preva-

lence (under five:27.0%; =5; 20.7%).1>1¢

3.2 | Study design and population

The study used a cross-sectional study design that entailed a one-time
collection of data from sampled healthcare personnel in public health
facilities in Kisumu County using questionnaire (shown in Supplement 1).
The target population for this study was 114 healthcare personnel from
57 public health facilities. They were facility in-charges and health
records information officers in Level 3 to Level 5 public health facilities in
Kisumu County, Kenya. Facility in-charges were considered for inclusion
in this study because they are the decision-makers in the day to day run-
ning of the health facilities and would therefore have a say in the
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adoption of cloud computing. Health records information officers were
included in this study because they are the end-users of most health
management information systems. In most facilities, they also doubled up
as the IT personnel providing user support and maintenance of systems,
they would therefore offer great technical insight. The samples size
(n = 88) was calculated using Yamane formula®” for finite populations: a
simplified formula for sample size calculation with the assumption of a

95% confidence level and P = .05 as shown below.

N
n=—-—,
1+N(e)

where the sample size is given by n, N represents the population size,
and e stands for the level of precision.

N = 114; e = 0.05.

n=N/(1+ Nf(e)*2).

n =114/ (1 + 114(0.05) ~2).

n = 88.

The study used stratified random sampling method to draw the
sample from the sampling frame based on the level of facilities. At
enrolment information on the technological, organizational, and
behavioral contexts as well as the cloud computing adoption status

and realized benefits were collected.

3.3 | Inclusion and exclusion criteria

Healthcare personnel (facility in-charge and health records officer) in
any public health facility in Level 3 to Level 5 were included in the
study. Level 1 (Community) and Level 2 (Dispensaries) health facilities
were not included in this study because they lacked the requisite
technological infrastructure, installed network topologies and enter-
prise systems, upon which cloud computing can be deployed. The
exclusion criteria for this study involved excluding public health facili-
ties (Level 3-Level 5) that did not have a health records information
officer deployed in the facility.

3.4 | Data and statistical methods

Data analysis was done using Stata/SE 16.0 (StataCorp, College Sta-
tion, Texas). Descriptive statistics were used to provide summaries
about the sample and measures: we reported frequencies and propor-

118 to determine the influence

tions. We ran a Poisson regression mode
of cloud computing adoption on health service delivery. We ran four
models in which the outcome variable was count data: overall bene-
fits, economic benefits, operational benefits, and functional benefits.
For the purposes of this study, the following definitions were used:
Economic benefits were computed as the sum of “less capital

2

expenditure,” “lower maintenance cost,” “reduced IT labor costs,” and
“energy savings” benefits; operational benefits were computed as the
sum of “unlimited computing resources,” “enhanced collaboration,” “a

24 hour platform,” and “improved security” benefits; functional

Learning Health SystemsllikiEs

benefits were computed as the sum of “wider variety of services” and
“interoperability and integration” benefits; lastly, overall benefits real-
ized were computed as the sum of economic, operational, and func-
tional benefits. The independent variables were cloud computing
adoption and the service implementation models implemented. The
results were presented as incident-rate ratios (IRR) and the 95% confi-
dence intervals (95% ClI).

3.5 | Ethical review

The study was conducted after the National Commission for Science,
Technology and Innovation issued a research permit. An approval was
also sought from the Kisumu County Department of Health to be able
to conduct this study in public health facilities in the county and the
director of health issued an approval letter. Participation in the study
was voluntary and the scope of this study was explained to the
healthcare personnel, the procedures involved, the potential benefits
and the confidentiality of provided information. Consents were then
sought from all potential respondents. The study was conducted
under scientific integrity by adhering to professional values and prac-
tices when conducting the research and reporting the results of this

study to ensure objectivity, clarity, and reproducibility.

3.6 | Results
During the study period, we enrolled 80 healthcare personnel from
40 public health facilities in Kisumu County and 42 (53%) of them had
adopted cloud computing. Among those who had adopted cloud com-
puting, 100% had implemented Software-as-a-Service (SaaS), 0% had
implemented Platform-as-a-Service (PaaS), and 5% had implemented
Infrastructure-as-a-Service (laaS) (Figure 1). The most prevalent SaaS
implementations were implementations done by the national
government(national-level systems); Kenya Health Information System
(KHIS) 100%, Health Facility Equipment Assessment Application (HEAA)
100%. Kenya Master Facility List (KMFL) and Health Workforce Infor-
mation Systems (iHRIS) were used at the sub-county and county levels.
The individual benefits to health service delivery reported by pub-
lic health facilities in this setting are shown in Figure 2. The most
reported benefits of cloud computing adoption among adopters were
improved security (90%), 24-hour platform (88%), and enhanced col-
laboration (81%) compared to 34%, 39%, and 37%, respectively,
among those who non-adopters, enhanced collaboration included
availability of monthly reports on KHIS as well as ease of sharing data
with partner institution. While unlimited computing resources (40%),
and wider variety of services (26%) and energy savings (17%) were
the least reported benefits among adopters compared to 8%, 5%, and
0%, respectively, among non-adopters. The categorization of the ben-
efits into economical, operational, and functional was not mutually
exclusive: 36 (45%) reported all the three categories; 28 (35%)
reported two benefits; 4 (5%) reported 1 benefit; 12 (15%)
reported none.
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FIGURE 1 Cloud computing
adoption by Public health facilities in
Kisumu County, 2019. *Facility in-
charges and health records officers
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Overall, those who had adopted cloud computing realized a sig-
nificantly higher number, 1.93 times, of benefits to health service
delivery compared to those who had not (Incident-rate ratio (IRR)
=1.93, 95% Cl [1.36-2.72]). In addition, those who had implemented
laaS together with SaaS realized a significantly higher number, 2.2
times, of benefits to health service delivery compared to those who
had not adopted cloud computing (IRR = 2.22, 95% CI [1.15-4.29])
while those who had implemented SaaS only realized a significantly
higher number, 1.89 times, of benefits to health service delivery com-
pared to those who had not adopted cloud computing (IRR = 1.89,

I

FIGURE 2 Cloud computing
benefits to health service delivery
among Public health facilities in
Kisumu County, 2019

B Not-Adopted
B Adopted

79%
81%
88%

90%

80% 90% 100%

95% Cl [1.33-2.70]) (Table 1). The number of benefits realized by
those who had implemented laaS alongside SaaS compared to those
who had only implemented SaaS did not differ significantly
(IRR =1.17,95% CI [0.63-2.20]).

Regarding economic benefits to health service delivery, those
who had adopted cloud computing realized a significantly higher num-
ber, 2.2 times, of economic benefits to health service delivery com-
pared to those who had not (IRR) =2.20, 95% Cl [1.53-3.15]). In
addition, those who had implemented laaS together with SaaS real-

ized a significantly higher number, 2.94 times, of economic benefits to
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TABLE 1  Predicting overall number of benefits to health service delivery due to cloud computing adoption by Public health facilities in
Kisumu County, 2019

Number of benefits to health service delivery

0n—12) 1-3(n—11) 4-6(n—35 7-9(n—21) 'meidentrateratio

n (%) n (%) n (%) n (%) IRR [95%Cl] P-value

Cloud computing

Not adopted 10(83.3) 10 (90.9) 17 (48.6) 1(4.6) Ref

Adopted 2(16.7) 1(9.1) 18 (51.4) 21(95.5) 1.93[1.36-2.72] <.0001
Service implementations model

None 10 (83.3) 10 (90.9) 17 (48.6) 1(4.6) Ref -

Infrastructure-as-a-Service & Software-as-a-Service 0(0.0) 0(0.0) 1(2.9) 3(13.6) 2.22[1.15-4.29] 017

Software-as-a-Service 2(16.7) 1(9.1) 17 (48.6) 18 (81.8) 1.89 [1.33-2.70] <.0001

Note: Bold values shows p < 0.05.

TABLE 2 Predicting number of economic benefits to health service delivery due to cloud computing adoption by Public health facilities in
Kisumu County, 2019

Number of economic benefits to health service delivery

0(n=17) 1(n=13) 2(n = 25) 3(n=19) 4(n—6) L=k SE e

n (%) n (%) n (%) n (%) n (%) IRR [95%Cl] P-value

Cloud computing

Not adopted 15(88.2) 8(61.5) 11 (44.0) 4(21.1) 0(0.0) Ref

Adopted 2(11.8) 5(38.5) 14 (56.0) 15(78.9) 6 (100.0) 2.20[1.53-3.15] <.0001
Service implementations model

None 15(88.2) 8(61.5) 11 (44.0) 4(21.1) 0(0.0) Ref =

Infrastructure-as-a-Service & 0(0.0) 0(0.0) 0(0.0) 3(15.8) 1(16.7) 2.94 [1.58-5.48] .001

Software-as-a-Service
Software-as-a-Service 2(11.8) 5(38.5) 14 (56.0) 12 (63.2) 5(83.3) 2.12[1.47-3.06] <.0001

TABLE 3 Predicting number of operational benefits to health service delivery due to cloud computing adoption by Public health facilities in
Kisumu County, 2019

Number of operational benefits to health service delivery

0(n=12) 1(n=5) 2(n=17) 3(n = 34) 4(n=12) [ EREERED

n (%) n (%) n (%) n (%) n (%) IRR [95%Cl] P-value

Cloud computing

Not adopted 10 (83.3) 3(60.0) 15 (88.2) 10(29.4) 0(0.0) Ref B

Adopted 2(16.7) 2 (40.0) 2(11.8) 24 (70.6) 12 (100.0) 1.81 [1.34-2.45] <.0001
Service implementations model

None 10 (83.3) 3(60.0) 15(88.2) 10 (29.4) 0(0.0) Ref -

Infrastructure-as-a-Service & 0(0.0) 0(0.0) 0(0.0) 3(8.8) 1(8.3) 1.96 [1.08-3.56] .027

Software-as-a-Service
Software-as-a-Service 2(16.7) 2 (40.0) 2(11.8) 21 (61.8) 11(91.7) 1.79 [1.32-2.44] <.0001
health service delivery compared to those who had not adopted cloud times, of economic benefits to health service delivery compared to

computing (IRR = 2.94, 95% Cl [1.58-5.48]) while those who had those who had not adopted cloud computing (IRR = 2.12, 95% ClI
implemented SaaS only realized a significantly higher number, 2.12 [1.47-3.06]) (Table 2). Additionally, the number of economic benefits
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TABLE 4
Kisumu County, 2019
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Number of functional benefits of health service delivery

Predicting number of functional benefits to health service delivery due to cloud computing adoption by Public health facilities in

0(n=42) 1(n=33) 2(n=>5) Incident-rate ratio  P-value
n (%) n (%) n (%) IRR [95%Cl]
Cloud computing
Not adopted 32(76.2) 6(18.2) 0(0.0) Ref -
Adopted 10 (23.8) 27 (81.8) 5(100.0) 5.58 [2.35-13.22] <.0001
Service implementations model
None 32(76.2) 6(18.2) 0(0.0) Ref -
Infrastructure-as-a-Service & Software-as-a-Service 1(2.4) 2(6.1) 1(20.0) 6.33 [1.79-22.4] .004
Software-as-a-Service 9(21.4) 25 (75.8) 4 (80.0) 5.50 [2.30-13.13] <.0001
Overall benefits Economic benefits
Type Cloud computing ¥ laaS & Saas Saas only Type Cloud computing —#- laaS & Saas Saas only
22- 29-
20 - 20-
18- 18-
16- 16~
Q 14- Q -
e 14 e 14
w w
@,12- 2,12~
% 10- % 10-
8- 8-
6- 6-
4- 4-
2- e ~ T -
Cloud cw:;mpmiﬂg laas &ISaaS SaaSl only Cloud CC:mDLIUFIQ laas &I Saas SaaSl only
Cloud Computing Adoption Cloud Computing Adoption
Operational benefits Functional benefits
Type % Cloud computing % |aa$S & SaaS —% SaaSonly Type —#% Cloud computing —#- |aaS & SaaS % SaaSonly
55 22- T
££ 7
20- 20-
18- 181
18- 16-
O 14- Q 14-
a =
& 12- S, 12-
. _ [id
g 10- E 10-
6- G- o
4- I 4
2- ) o | A
0- : ' . i : :
Cloud computing laas & Saas Saas only Cloud computing laasS & Saas Saas only
Cloud Computing Adoption Cloud Computing Adoption
FIGURE 3 Estimated incident-rate ratios of benefits to health service delivery due to cloud-computing adoption by Public health facilities in

Kisumu County, 2019
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realized by those who had implemented laaS alongside SaaS com-
pared to those who had implemented only SaaS did not differ
significantly (IRR = 1.39, 95% Cl [0.78-2.48]).

Regarding operational benefits to health service delivery, those
who had adopted cloud computing realized a significantly higher num-
ber of benefits, 1.81 times, to health service delivery compared to
those who had not (IRR) =1.81, 95% Cl [1.34-2.45]). In addition, those
who had implemented laaS alongside SaaS realized a significantly
higher number, 1.96 times, of operational benefits to health service
delivery compared to those who had not adopted cloud computing
(IRR = 1.96, 95% Cl [1.08-3.56]) while those who had implemented
Saa$ only realized a significantly higher number, 1.79 times, of opera-
tional benefits to health service delivery compared to those who had
not adopted cloud computing (IRR = 1.79, 95% CI [1.32-2.44])
(Table 3). Additionally, the number of operational benefits realized by
those who had implemented laaS alongside SaaS compared to those
who had implemented only SaaS did not differ significantly
(IRR = 1.09, 95% CI [0.62-1.94]).

Lastly, regarding functional benefits to health service delivery,
those who had adopted cloud computing realized a significantly
higher number, 5.58 times, of benefits to health service delivery com-
pared to those who had not (IRR) =5.58, 95% CI [2.35-13.22]). In
addition, those who had implemented laaS together with SaaS real-
ized a significantly higher number, 6.33 times, of functional benefits
to health service delivery compared to those who had not adopted
cloud computing (IRR = 6.33, 95% Cl [1.79-22.40]) while those who
had implemented SaaS only were realized a significantly higher num-
ber, 5.5 times, of functional benefits to health service delivery com-
pared to those who had not adopted cloud computing (IRR = 5.50,
95% Cl [2.30-13.13]) (Table 4). Additionally, the number of functional
benefits realized by those who had implemented laaS alongside SaaS
compared to those who had implemented only Saa$S did not differ sig-
nificantly (IRR = 1.15, 95% Cl [0.41-3.25]). Figure 3 shows a visual

presentation of the IRR from the four models reported above.

4 | DISCUSSION

This study aimed to establish the extent of cloud computing adoption
and the service implementations models deployed and their effect on
health service delivery by public health facilities in Kisumu County.
Our most important findings are summarized as follows: First, there
was an improved adoption of cloud computing by public health facili-
ties and SaaS was the most prevalent service implementation model.
Second, those who had adopted cloud computing realized a signifi-
cantly higher number of overall benefits to health service delivery
compared to those who had not adopted. Third, in terms of service
implementations models, those who had implemented laaS together
with SaaS and those who had implemented only SaaS realized a signif-
icantly higher number of overall benefits to health service delivery
compared to those who had not adopted cloud computing. Lastly,
looking at economic, operational, and functional benefits to health

service delivery separately, those who had adopted cloud computing

Learning Health SystemsllR&ES

realized a significantly higher number of benefits in all the three cate-
gories compared to those who had not adopted cloud computing. Fur-
thermore, those who had implemented laaS together with SaaS and
those who had implemented only SaaS realized a significantly
higher number of benefits to health service delivery in all the three
categories compared to those who had not adopted cloud computing.

The study found out that the prevalence of cloud computing in
public health facilities was 53% shown in Figure 1. This is an improve-
ment compared to 35.6% that was reported previously among public
sector institutions.'? This increase can be attributed to a high ratio of
internet users connecting with mobile devices compared to traditional
fixed-point connections?® as a study on the impact of internet con-
nectivity in Kenya found out that 99% of internet users access the
internet through mobile phones and mobile devices.?!

In terms of cloud service models, SaaS was the most prevalent
model while very few had implemented laaS and there were no
implementations of PaaS (0%) in this setting as shown in Figure 1. This
differential in implementation of cloud service models could be attrib-
uted to high cost implications (the cost of cloud computing reduces
the higher up the cloud stack you go; SaaS is cheaper than PaaS and
Paa$S is Cheaper than laaS) and the level of skills required to imple-
ment and maintain services associated with PaaS and laaS.?%2% Lack
of implementation of Paa$S service model can be explained by the fact
that most public health facilities rely on national-level systems that
are developed and maintained by the Ministry of Health. Furthermore,
health facilities that have adopted other digital health systems in addi-
tion to the nation-level systems normally outsource the development
and testing of such systems or rely on partner institutions. It is also
important to note that the 5% of facilities that had implemented both
Saa$S and laaS were the largest hospitals in terms of scope of opera-
tions and bed-capacity and can possibly be explained by firm size
being a major factor affecting adoption of new technology and it acts
as resilience for environmental shocks.?* Bigger enterprises have extra
resources that motivate the adoption of technological innovations.
The uptake of internet and its infrastructures in business is slower
in smaller firms than in larger firms indicating that financial con-
straints, lack of professional expertise, and short-term management
perspectives are characteristics of small business.?®

Our study demonstrated that those who had adopted cloud com-
puting realized a higher number of overall benefits to health service
delivery compared to those who had not adopted. This is consistent
with the findings from other studies that have shown that cloud com-
puting would positively impact health care services.®>?42 These
results can be explained by the fact that cloud computing because of
its inherent characteristics?’ and benefits emerges as an effective
platform to improve health service delivery. The essential characteris-
tics of on-demand self-service ensured that clients got services in a
timely manner with minimal provider interactions thereby reducing
the time it took to provide care by healthcare personnel and this bol-
sters the delivery of health services in line with World Health Organi-
zation's (WHO) requirement of ideal health service delivery. The
essential characteristic of rapid elasticity ensured that the computing

resources available to the caregivers was unlimited and as such they
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offered care without suffering from technological limitations and this
ensured health services were available when needed leading to
improved health service delivery. The availability of unlimited comput-
ing resources, also offered healthcare givers who are off-site the
opportunity to remotely offer consultation, read x-rays and offer
other services ensuring care is available when needed further improv-
ing access to care beyond traditional confines of the hospital set-up.
The digitization of health management information systems in order
to benefit from cloud computing further mitigates against human
errors that are more frequent in an analog setup and it also reduces
poor clinical outcomes as care is readily available and offered in a
timely manner and remotely if need be.

The essential characteristics of Measured Service also ensured that
caregivers who had adopted cloud computing only payed for what
they used and shifted from heavy capital expenditure. These findings
are in concurrence with results from previous studies.3°3? These find-
ings can possibly be explained by the fact that cloud computing is a
pay per use platform and organizations only pay for what they use
and as a result, there is less capital expenditure. The cloud provider is
also in charge of the maintenance of all computing resources as well
as the administration and securing of the entire cloud eco-systems.
Consequently, there is lower maintenance costs, reduced IT labor
costs and energy savings translating into reduced operation costs
making healthcare institutions cost-effective in the delivery of health
services thereby improving health service delivery. The cloud comput-
ing has also been shown®333* to enhance collaboration consistent
with findings from our study. This can be explained by the fact that
cloud computing offered enhanced collaboration as data were stored
remotely thereby mitigating against geographical barriers while pro-
viding faster and secure access to shared data. It was also possible for
reports to be downloaded directly from the KHIS platform thereby all-
owing easy access to reports and to tracking of data overtime whilst
reducing human errors in the compilation of reports and practice inef-
ficiencies. In addition, cloud computing had improved security com-
pared to traditional information systems as it had sopbhisticated
security controls that included data encryption and secured access
login. Cloud providers also were able to engage skilled cyber-security
experts to secure the entire eco-system.

Lastly, previous studies have shown that cloud computing offers
a wider variety of services.3>3¢ Cloud computing offers access to a
larger ecosystem of healthcare providers, payer, life sciences, and
technological solution partners was offered by cloud computing
and this increased the potential for a wide range of services to
healthcare institutions thereby bolstering health service delivery in
this setting. For example, the integration of mobile money payments
in HMIS makes it convenient and easy for care seekers to pay their
bills and access services. Furthermore, cloud-computing services in
healthcare are internet based and usually use standard protocols, so
connecting them to other systems and applications is typically
straightforward. However, Electronic Medical Records (EMR) vendor
contractual and technical impediments still present challenges; techni-
cal and legal agreements still make it complicated to integrate with
EMR systems.®

All these taken together explain why those who had adopted
cloud computing realized a significantly higher number of overall ben-
efits to health service delivery in this setting compared to non-
adopters. It further explains why similar results were seen in all the
three categories; economical, operational, and functional. Our findings
also indicate that irrespective of the service implementation model
deployed, organizations still realized a significantly higher number of
benefits to health service delivery using laaS together with SaaS or
SaaS only.®” It has been shown that each cloud computing service
implementation model offers unique features and functionalities,
organizations should therefore not worry whether they would realize
the expected business value from adopting a given cloud service
model but they should instead understand their needs and acquire
cloud models that would best address them.

5 | LIMITATION
The study was limited by a small sample size as we were only able to
successfully collect data from 90% of the sample and this may hinder

the generalizability of our findings.

6 | CONCLUSION

We observed that cloud computing resulted in improved health ser-
vice delivery with these benefits still being realized irrespective of the
service implementation model deployed. Findings from our study but-
tress the need for healthcare institutions to adopt cloud computing
and integrate it in their operations to realize improved health service
delivery. Furthermore, majority of SaaS implementations in this set-
ting being national-level systems, there still exists great potential for
healthcare institutions to leverage cloud computing by adopting
bottom-up cloud systems that are unique to their needs and thereby
realize even greater benefits translating to improved health service

delivery.
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