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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% CI) [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% CI

[1.15-4.29]) and those who had implemented Software-as-a-Service only (IRR = 1.89,

95% CI [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
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computing and integrate it in their operations in order to improve health service

delivery.
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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.1

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 managing the underlying infrastructure;

Infrastructure-as-a-Service (IaaS) where the consumer rents

processing, storage, networks, and other computing resources over

which they can deploy and run software like operating systems and

applications.2 Cloud computing offers healthcare organizations an

array of benefits; economic, operational, and functional benefits.3 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.4,5

The health care delivery in both high-income countries and low-

and middle-income countries has been shown to fall short of the

ideals6 of the citizens receiving healthcare services whenever needed

and the health services being cost-effective and meeting pre-

established standards of quality according.7 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.8,9

Technology has been proposed as one of the solutions that can be

embraced to bridge this gap in health service delivery.10 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 forms11 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.12 Cloud comput-

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

platform that healthcare organizations can leverage to improve health

service delivery. The determinants of cloud computing adoption in

this setting have been reported elsewhere13 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).14 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%).15,16

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 formula17 for finite populations: a

simplified formula for sample size calculation with the assumption of a

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

n¼ N

1þN eð Þ2
,

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 + N (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-

tions. We ran a Poisson regression model18 to determine the influence

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

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

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% CI).

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 (IaaS) (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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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% CI [1.36-2.72]). In addition, those who had implemented

IaaS 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,

95% CI [1.33-2.70]) (Table 1). The number of benefits realized by

those who had implemented IaaS 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% CI [1.53-3.15]). In

addition, those who had implemented IaaS together with SaaS real-

ized a significantly higher number, 2.94 times, of economic benefits to

Software -as-a-Service
42 (100%)

Platform -as-a-Service
0 (0%)

Infrastructure -as-a-Service
4 (5%)

Target Population*

114 personnel

Sample Size

88 (77%)

Enrolled

80 (91%)

Cloud-computing
Adopted

42 (53%)

F IGURE 1 Cloud computing
adoption by Public health facilities in
Kisumu County, 2019. *Facility in-
charges and health records officers

F IGURE 2 Cloud computing
benefits to health service delivery
among Public health facilities in
Kisumu County, 2019
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health service delivery compared to those who had not adopted cloud

computing (IRR = 2.94, 95% CI [1.58-5.48]) while those who had

implemented SaaS only realized a significantly higher number, 2.12

times, of economic benefits to health service delivery compared to

those who had not adopted cloud computing (IRR = 2.12, 95% CI

[1.47-3.06]) (Table 2). Additionally, the number of economic benefits

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

Incident-rate ratio
0 (n = 12) 1–3 (n = 11) 4-6 (n = 35) 7-9 (n = 21)
n (%) n (%) n (%) n (%) IRR [95%CI] 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

Incident rate ratio
0 (n = 17) 1 (n = 13) 2 (n = 25) 3 (n = 19) 4 (n = 6)
n (%) n (%) n (%) n (%) n (%) IRR [95%CI] 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 &

Software-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 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

Incident-rate ratio
0 (n = 12) 1 (n = 5) 2 (n = 17) 3 (n = 34) 4 (n = 12)

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

Cloud computing

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

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 &

Software-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 2 (16.7) 2 (40.0) 2 (11.8) 21 (61.8) 11 (91.7) 1.79 [1.32–2.44] <.0001
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TABLE 4 Predicting number of functional benefits to health service delivery due to cloud computing adoption by Public health facilities in
Kisumu County, 2019

Number of functional benefits of health service delivery

Incident-rate ratio P-value
0 (n = 42) 1 (n = 33) 2 (n = 5)
n (%) n (%) n (%) IRR [95%CI]

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

F IGURE 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 IaaS alongside SaaS com-

pared to those who had implemented only SaaS did not differ

significantly (IRR = 1.39, 95% CI [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% CI [1.34-2.45]). In addition, those

who had implemented IaaS 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% CI [1.08-3.56]) while those who had implemented

SaaS 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 IaaS 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 IaaS 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% CI [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% CI [2.30-13.13]) (Table 4). Additionally, the number of functional

benefits realized by those who had implemented IaaS alongside SaaS

compared to those who had implemented only SaaS did not differ sig-

nificantly (IRR = 1.15, 95% CI [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 IaaS 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

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 IaaS 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.19 This increase can be attributed to a high ratio of

internet users connecting with mobile devices compared to traditional

fixed-point connections20 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.21

In terms of cloud service models, SaaS was the most prevalent

model while very few had implemented IaaS 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

PaaS is Cheaper than IaaS) and the level of skills required to imple-

ment and maintain services associated with PaaS and IaaS.22,23 Lack

of implementation of PaaS 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

SaaS and IaaS 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.24 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.25

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.3,26-28 These

results can be explained by the fact that cloud computing because of

its inherent characteristics29 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.30-32 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 shown3,33,34 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 sophisticated

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.35,36 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.3

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 IaaS together with SaaS or

SaaS only.37 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.

ACKNOWLEDGEMENTS

The authors acknowledge the contribution of the study participants,

lecturers from the department of Information Science and Informatics

Rongo University; The Director of health Kisumu County, Dr. Dickens

Onyango, who granted us approval to conduct the study in Public

health facilities in the county; and Raphael Ochieng who helped with

the data collection.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Conceptualization, Billy Ogwel, George Odhiambo-Otieno, and Gabriel

Otieno: Methodology, Billy Ogwel, George Odhiambo-Otieno, and

Gabriel Otieno; data analysis, Billy Ogwel; Writing—Original Draft Prep-

aration; Billy Ogwel; Writing—Review and Editing, George Odhiambo-

8 of 10 OGWEL ET AL.



Otieno, Gabriel Otieno, James Abila, and Richard Omore; supervision,

George Odhiambo-Otieno, and Gabriel Otieno. All authors have read

and agreed to the published version of the manuscript.

ORCID

Billy Ogwel https://orcid.org/0000-0002-9097-2713

REFERENCES

1. Mell P, Grance T. The NIST Definition of Cloud Computing.

2011: 7.

2. IBM. IaaS PaaS SaaS Cloud Service Models. 2020. https://www.ibm.

com/cloud/learn/iaas-paas-saas. Accessed March 12, 2021.

3. Cloud Council. Impact of Cloud Computing on Healthcare. 2017. 35.

4. Dwivedi YK, Mustafee N. It's Unwritten in the Cloud: the Technology

Enablers for Realising the Promise of Cloud Computing j Emerald

Insight. 2010. https://doi.org/10.1108/17410391011088583. Accessed

November 14, 2020.

5. Choudhary V, Vithayathil J. The impact of cloud computing: should

the IT department be organized as a cost center or a profit center?

J Manag Inf Syst. 2013;30(2):67-100. https://doi.org/10.2753/

MIS0742-1222300203. Accessed November 14, 2020.

6. Brandeau ML, Sainfort F, Pierskalla WP. Health care delivery: current

problems and future challenges. In: Brandeau ML, Sainfort F,

Pierskalla WP, eds. Operations Research and Health Care: A Handbook

of Methods and Applications. Boston, MA: Springer US; 2005:1-14.

https://doi.org/10.1007/1-4020-8066-2_1 Accessed December 22,

2020.

7. WHO. Health Service delivery. 2010. https://www.who.int/

healthinfo/systems/WHO_MBHSS_2010_section1_web.pdf. Accessed

November 14, 2020.

8. Oleribe OO, Momoh J, Uzochukwu B, et al. Identifying Key Chal-

lenges Facing Healthcare Systems in Africa and Pot j IJGM. 2019.

https://www.dovepress.com/identifying-key-challenges-facing-healthcare-

systems-in-africa-and-pot-peer-reviewed-fulltext-article-IJGM. Accessed

November 14, 2020.

9. Clausen LB. Taking on the Challenges of Health Care in Africa j
Stanford Graduate School of Business. 2015. https://www.gsb.

stanford.edu/insights/taking-challenges-health-care-africa. Accessed

November 14, 2020.

10. Kenya Healthcare Federation. Challenges in Kenya's healthcare sys-

tems – Kenya Healthcare Federation. 2018. http://khf.co.ke/

challenges-in-kenyas-healthcare-systems/. Accessed November 14,

2020.

11. Brian O. Factors Influencing Service Delivery in Public Hospitals: a Case

of Nairobi County, Kenya j Semantic Scholar. 2016. https://www.

semanticscholar.org/paper/Factors-influencing-service-delivery-in-public-

a-of-Kenya/6598d99171d1959be793bdb89c0d203efb4d4f37. Accessed

November 14, 2020.

12. Alotaibi YK, Federico F. The impact of health information technology

on patient safety. Saudi Med J. 2017;38:1173-1180.

13. Ogwel B, Otieno G, Odhiambo-Otieno G. Cloud Computing Adoption

by Public Hospitals in Kenya: A Technological, Organisational and

Behavioural Perspective. 2020. https://www.researchgate.net/

publication/339175431_Cloud_Computing_Adoption_by_Public_Hospitals_

in_Kenya_A_Technological_Organisational_and_Behavioural_Perspective.

Accessed November 14, 2020.

14. Kenya Master Health Facility List. Kenya Master Health Facility

List: Find all the health facilities in Kenya. 2011. http://kmhfl.

health.go.ke/#/facility_filter/results?county=6f256e8c-5d8f-4f07-89a0-

81e245081030. Accessed November 15, 2020.

15. National Aids Control Council_HIV-estimates-report-Kenya-20182.

https://nacc.or.ke/wp-content/uploads/2018/11/HIV-estimates-report-

Kenya-20182.pdf. Accessed November 15, 2020.

16. Kapesa A, Kweka EJ, Atieli H, et al. The current malaria morbidity and

mortality in different transmission settings in Western Kenya. PLoS

One. 2018;13:e0202031.

17. Singh SA, Masuku MB. Sampling Techniques & Determination of

Sample Size in Applied Statistics Research: an Overview. 2014.

/paper/Sampling-Techniques-%26-Determination-of-Sample-Size-

Singh/1325baea7d2b63e7e67ef6d58e035d64a69b9de5. Accessed

December 21, 2020.

18. Cameron C, Trivedi PK. Regression Analysis of Count Data. 2009.

http://cameron.econ.ucdavis.edu/racd/count.html. Accessed November

15, 2020.

19. Kenya National Bureau of Statistics, Communications Authority of

Kenya. Public-Sector-ICT-Survey-Report-2016.pdf. 2016. https://ca.

go.ke/wp-content/uploads/2018/02/Public-Sector-ICT-Survey-Report-

2016.pdf. Accessed November 17, 2020.

20. Cisco Global Cloud Index. Forecast and Methodology, 2016–2021.
2018. https://www.readkong.com/page/cisco-global-cloud-index-

forecast-and-methodology-4248491. Accessed November 17, 2020.

21. Innovations for Poverty Action. The Impact of Internet Connectivity

in Kenya. 2019. https://www.poverty-action.org/study/impact-

internet-connectivity-kenya. Accessed March 18, 2021.

22. Low C, Chen Y, Wu M. Understanding the determinants of cloud

computing adoption. Ind Manag Data Syst. 2011;111:1006-1023.

23. Tonny K, Omwansa T, Timothy M, Waema M, Omwenga B. Cloud

Computing in Kenya: A 2013 Baseline Survey. ResearchGate, 2014.

24. Jeyaraj A, Rottman JW, Lacity M. A review of the predictors, linkages, and

biases in IT innovation adoption research. J Inf Technol. 2006;21:1-23.

25. UNCTAD. Commodity Prices, Capital Flows and the Financing of

Investment. New York, NY: United Nations, 2008.

26. Kuo AM-H. Opportunities and challenges of cloud computing to

improve health care services. J Med Internet Res. 2011;13(3):e67.

27. Bozicevic V. Cloud Computing Benefits: 7 Key Advantages for Your

Business. https://www.globaldots.com/blog/cloud-computing-benefits.

Accessed November 17, 2020.

28. 9 Benefits of Cloud Computing in Healthcare. Galen Data. 2019.

https://www.galendata.com/9-benefits-cloud-computing-healthcare/

. Accessed November 17, 2020.

29. swenson. Final Version of NIST Cloud Computing Definition Publi-

shed. 2011. https://www.nist.gov/news-events/news/2011/10/

final-version-nist-cloud-computing-definition-published. Accessed

November 17, 2020.

30. Konstantinos K, Mitropoulou P, Filiopoulou E, Michalakelis C,

Nikolaidou M. Cloud Computing and Economic Growth. 2015.

31. Etro F. The economic impact of cloud computing on business crea-

tion, employment and output in Europe. An application of the endog-

enous market structures approach to a GPT innovation. Rev Bus Econ.

2009;LIV:179-208.

32. Jackson KL. The Economic Benefit of Cloud Computing. https://

www.forbes.com/sites/kevinjackson/2011/09/17/the-economic-

benefit-of-cloud-computing/?sh=34252751225c. Accessed Novem-

ber 17, 2020.

33. Robson I. The Operational Benefits of Cloud Computing. https://

www.intel.com/content/www/uk/en/it-management/cloud-analytic-

hub/operational-benefits-of-cloud-computing.html. Accessed Novem-

ber 17, 2020.

34. Schafer K. Cloud's Operational Benefits Simplify your Business Func-

tions. https://www.vertexone.net/blog/cloud-s-operational-benefits-

simplify-your-business-functions. Accessed November 17, 2020.

35. Cloud IH in TE, September 25 in S on. 2012, Pst 2:00 am. Functional

and Financial Benefits of Cloud-Based Email. https://www.

techrepublic.com/blog/the-enterprise-cloud/functional-and-financial-

benefits-of-cloud-based-email/. Accessed November 17, 2020.

36. IBM. Benefits of cloud computing. 2020. https://www.ibm.com/

cloud/learn/benefits-of-cloud-computing. Accessed November 17,

2020.

OGWEL ET AL. 9 of 10

https://orcid.org/0000-0002-9097-2713
https://orcid.org/0000-0002-9097-2713
https://www.ibm.com/cloud/learn/iaas-paas-saas
https://www.ibm.com/cloud/learn/iaas-paas-saas
https://doi.org/10.1108/17410391011088583
https://doi.org/10.2753/MIS0742-1222300203
https://doi.org/10.2753/MIS0742-1222300203
https://doi.org/10.1007/1-4020-8066-2_1
https://www.who.int/healthinfo/systems/WHO_MBHSS_2010_section1_web.pdf
https://www.who.int/healthinfo/systems/WHO_MBHSS_2010_section1_web.pdf
https://www.dovepress.com/identifying-key-challenges-facing-healthcare-systems-in-africa-and-pot-peer-reviewed-fulltext-article-IJGM
https://www.dovepress.com/identifying-key-challenges-facing-healthcare-systems-in-africa-and-pot-peer-reviewed-fulltext-article-IJGM
https://www.gsb.stanford.edu/insights/taking-challenges-health-care-africa
https://www.gsb.stanford.edu/insights/taking-challenges-health-care-africa
http://khf.co.ke/challenges-in-kenyas-healthcare-systems/
http://khf.co.ke/challenges-in-kenyas-healthcare-systems/
https://www.semanticscholar.org/paper/Factors-influencing-service-delivery-in-public-a-of-Kenya/6598d99171d1959be793bdb89c0d203efb4d4f37
https://www.semanticscholar.org/paper/Factors-influencing-service-delivery-in-public-a-of-Kenya/6598d99171d1959be793bdb89c0d203efb4d4f37
https://www.semanticscholar.org/paper/Factors-influencing-service-delivery-in-public-a-of-Kenya/6598d99171d1959be793bdb89c0d203efb4d4f37
https://www.researchgate.net/publication/339175431_Cloud_Computing_Adoption_by_Public_Hospitals_in_Kenya_A_Technological_Organisational_and_Behavioural_Perspective
https://www.researchgate.net/publication/339175431_Cloud_Computing_Adoption_by_Public_Hospitals_in_Kenya_A_Technological_Organisational_and_Behavioural_Perspective
https://www.researchgate.net/publication/339175431_Cloud_Computing_Adoption_by_Public_Hospitals_in_Kenya_A_Technological_Organisational_and_Behavioural_Perspective
http://kmhfl.health.go.ke/#/facility_filter/results?county=6f256e8c-5d8f-4f07-89a0-81e245081030
http://kmhfl.health.go.ke/#/facility_filter/results?county=6f256e8c-5d8f-4f07-89a0-81e245081030
http://kmhfl.health.go.ke/#/facility_filter/results?county=6f256e8c-5d8f-4f07-89a0-81e245081030
https://nacc.or.ke/wp-content/uploads/2018/11/HIV-estimates-report-Kenya-20182.pdf
https://nacc.or.ke/wp-content/uploads/2018/11/HIV-estimates-report-Kenya-20182.pdf
http://cameron.econ.ucdavis.edu/racd/count.html
https://ca.go.ke/wp-content/uploads/2018/02/Public-Sector-ICT-Survey-Report-2016.pdf
https://ca.go.ke/wp-content/uploads/2018/02/Public-Sector-ICT-Survey-Report-2016.pdf
https://ca.go.ke/wp-content/uploads/2018/02/Public-Sector-ICT-Survey-Report-2016.pdf
https://www.readkong.com/page/cisco-global-cloud-index-forecast-and-methodology-4248491
https://www.readkong.com/page/cisco-global-cloud-index-forecast-and-methodology-4248491
https://www.poverty-action.org/study/impact-internet-connectivity-kenya
https://www.poverty-action.org/study/impact-internet-connectivity-kenya
https://www.globaldots.com/blog/cloud-computing-benefits
https://www.galendata.com/9-benefits-cloud-computing-healthcare/
https://www.nist.gov/news-events/news/2011/10/final-version-nist-cloud-computing-definition-published
https://www.nist.gov/news-events/news/2011/10/final-version-nist-cloud-computing-definition-published
https://www.forbes.com/sites/kevinjackson/2011/09/17/the-economic-benefit-of-cloud-computing/?sh=34252751225c
https://www.forbes.com/sites/kevinjackson/2011/09/17/the-economic-benefit-of-cloud-computing/?sh=34252751225c
https://www.forbes.com/sites/kevinjackson/2011/09/17/the-economic-benefit-of-cloud-computing/?sh=34252751225c
https://www.intel.com/content/www/uk/en/it-management/cloud-analytic-hub/operational-benefits-of-cloud-computing.html
https://www.intel.com/content/www/uk/en/it-management/cloud-analytic-hub/operational-benefits-of-cloud-computing.html
https://www.intel.com/content/www/uk/en/it-management/cloud-analytic-hub/operational-benefits-of-cloud-computing.html
https://www.vertexone.net/blog/cloud-s-operational-benefits-simplify-your-business-functions
https://www.vertexone.net/blog/cloud-s-operational-benefits-simplify-your-business-functions
https://www.techrepublic.com/blog/the-enterprise-cloud/functional-and-financial-benefits-of-cloud-based-email/
https://www.techrepublic.com/blog/the-enterprise-cloud/functional-and-financial-benefits-of-cloud-based-email/
https://www.techrepublic.com/blog/the-enterprise-cloud/functional-and-financial-benefits-of-cloud-based-email/
https://www.ibm.com/cloud/learn/benefits-of-cloud-computing
https://www.ibm.com/cloud/learn/benefits-of-cloud-computing


37. SaaS vs PaaS vs IaaS: What's The Difference & How To Choose –
BMC Blogs. https://www.bmc.com/blogs/saas-vs-paas-vs-iaas-whats-

the-difference-and-how-to-choose/. Accessed November 17, 2020.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Ogwel B, Odhiambo-Otieno G,

Otieno G, Abila J, Omore R. Leveraging cloud computing for

improved health service delivery: Findings from public health

facilities in Kisumu County, Western Kenya-2019. Learn

Health Sys. 2021;e10276. https://doi.org/10.1002/lrh2.10276

10 of 10 OGWEL ET AL.

https://www.bmc.com/blogs/saas-vs-paas-vs-iaas-whats-the-difference-and-how-to-choose/
https://www.bmc.com/blogs/saas-vs-paas-vs-iaas-whats-the-difference-and-how-to-choose/
https://doi.org/10.1002/lrh2.10276

	Leveraging cloud computing for improved health service delivery: Findings from public health facilities in Kisumu County, W...
	1  INTRODUCTION
	2  QUESTION OF INTEREST
	3  METHODS
	3.1  Study setting
	3.2  Study design and population
	3.3  Inclusion and exclusion criteria
	3.4  Data and statistical methods
	3.5  Ethical review
	3.6  Results

	4  DISCUSSION
	5  LIMITATION
	6  CONCLUSION
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


