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ABSTRACT
The COVID-19 pandemic is considered a major disruptive event of this decade, raising unforeseen 
socio-economic implications worldwide. This novel virus (SARS-CoV-2) has increased the influx of 
patients in hospitals, and healthcare organizations are facing unprecedented constraints in their operations to 
deal with increased demand and pressed capacity. For much of Africa, it seems likely that the larger infection 
and mortality impact of COVID-19 is still to come. Like other African countries, Botswana adopted public 
health and mitigation measures taken by states that were more advanced in their response to the pandemic. 
It reacted rapidly despite limited resources and capacity. LSS implementation in hospitals has resulted in the 
lowering of inventory levels and improving process efficiency and overall performance. All the Lean princi-
ples of specify value, value streaming, flow, pull and perfection were determined to varying degrees at the 
University of Botswana clinic. The patient flow mapping which was devised at the facility employed the use 
of Six Sigma DMAIC method to ensure that services are offered in a predictable and orderly manner. The 
results showed that LSS principles were employed in the clinic and showed an overall positive impact on the 
compliance to COVID-19 health protocols. 

123 |   Wesrford Research Journal 2022 | Volume 2 Issue 1



INTRODUCTION
A significant disruptive event of this decade, the COVID-19 pandemic has had unanticipated global socio-
economic repercussions. The SARS-CoV-2 new virus has increased the number of patients entering hospi-
tals, and healthcare organizations are now operating under previously unheard-of operational limitations 
because of the heightened demand and constrained capacity (Leite et al., 2020). According to some, the 
epidemic has reversed 25 years of human evolution (Gates, 2020). The pandemic may lead to increased 
poverty and decreased access to healthcare in low- and middle-income nations much beyond the COVID-19 
era (Evans, 2020). It took Africa 98 days to reach the first 100,000 cases, but it only took 18 days for that 
number to double, and the rate is still increasing. For much of Africa, it seems likely that the larger infection 
and mortality impact of COVID-19 is still to come (Cilliers, 2020).
Botswana recorded its first confirmed COVID-19 case on the 30 March 2020 (WHO, 2020). According to 
the World Health Emergency dash board by WHO, as of 17 August 2021 there have been 142 380 confirmed 
COVID-19 cases with 2 043 deaths and 262 236 vaccines administered. Like other African countries, 
Botswana adopted public health and mitigation measures taken by states that were more advanced in their 
response to the pandemic. 
Lean Six Sigma (LSS) has been applied to various health care processes with the goal of improving opera-
tions. Lean is an integrated system of principles, practices, tools, and techniques focused on reducing waste, 
synchronizing work flows, and managing variability in production flows. An important distinction in Lean 
is between value- and non-value-added activities (de Koning et al., 2006). The use of Six Sigma reduces the 
number of defective products manufactured or services provided, resulting in increased revenues and greater 
customer satisfaction (Improta, 2019). The aim of this study is to assess the impact of the use of Lean Six 
Sigma management principles and practices on compliance to COVID-19 health precaution measures at 
University of Botswana (UB) clinic.
A managerial concept that combines Lean and Six Sigma is called Lean Six Sigma. Six Sigma seeks to 
improve process output quality by locating and eliminating the sources of errors and reducing variability in 
(manufacturing and business) processes, while Lean usually focuses on getting rid of the eight different types 
of waste (or "muda").
The DMAIC phases are utilized by Lean Six Sigma similarly to Six Sigma. The five steps of Lean Six Sigma 
are designed to operate with any process, product, or service that has a lot of data or measurable qualities 
accessible and to find the source of inefficiencies.

To determine the Lean Six Sigma management principles and practices used at the UB clinic.
To determine the impact of the use of Lean Six Sigma management principles on compliance to 
COVID-19 health precaution measures at the facility. 
To assess factors affecting the implementation of Lean Six Sigma practices at UB clinic.

Which Lean Six Sigma principles/practices are used at UB clinic?
What is the impact of Lean Six Sigma principles and practices on the compliance of COVID-19 health 
protocols at the facility?
What are the factors affecting implementing of LSS practices at UB clinic?

1.3 Objectives

1.4 Research Questions

1.
2.

3.

1.
2.

3.
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METHODS
This research was a case study of the University of Botswana clinic, which services approximately 20000 
people within and outside campus in the capital city Gaborone. Observations, interviews records at the clinic 
will be used for data collection. Mixed method was used as it aligns well with the Pragmatism philosophy 
and the Inductive approach. Both quantitative and qualitative data will be collected and analyzed to assess 
the impact of LSS on protocol compliance.

Data was collected by a mixture of methods. Retrospective review of statistics of patient care variables at the 
clinic was done, and data was extracted from Botswana Ministry of Health and Wellness approved registers.  
A piloted, validated and self-administered questionnaire was used to collect the data from 50 participants and 
20 staff members. Data on inventory status of PPE and other supplies was extracted from pharmacy and 
laboratory inventory registers. The following table shows the Lean Principles, related variables and the tools 
used to collect the related data.

The study population consists of all undergraduate students, postgraduate (part time or fulltime) students and 
staff at the University of Botswana, main campus in Gaborone. The University of Botswana Clinic made 
20141 consultations in 2020 and issued 7710 prescriptions which were dispensed at the facility’s pharmacy. 
Purposive sampling will be used to select 50 participants who have attended the clinic for influenza related 
complaints and managed for SARS-CoV-2 related illnesses. These participants will fill self-administered 
questionnaire. It will also be used to identify 20 staff members at the clinic to assess the staff motivation 
levels. 5 more participants familiar with LSS will be purposively sampled for in-depth interviews.

Sample

Materials Used
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Lean Principle Critical Success Factors Key Performance indicator Tool 
1.Specify Value 1.Comfort, treatment, respect, 

Participation 
2.Acessibility 
 

Patient satisfaction index 
 
Opening hours 
No. of skilled personnel 

Questionnaire 

2.Value Stream 1. Delays 
2. Transfers & Referrals 
3.Booking procedures 
4.Interaction & Participation 

Waiting time 
Consultation time 
Transfer time to isolation 
Patient Satisfaction index 

 
 
Observation
Questionnaire 

3.Flow 1. Just in time 
2.Scheduling 
3.Multiskilled team 

No.of tests; cases, suspects, contacts 
Non-COVID 19 patients seen 
Number of staff members trained on COVID 19 
protocols 
Staff satisfaction index 

 
 
 
Observation

4.Pull 1.Accesibility 
2.Interaction & Participation 

Waiting time after requesting testing 
Patient satisfaction index 

Observation 
Questionnaire 

5.Perfection 1.Continuous improvement 
2.Process Control 

COVID-19 SOPs developed 
Mapped processes 
Staff satisfaction index 

 
Observation
Questionnaire 

  Table 1: Lean principles, variables & tools
In healthcare organizations, patients may be considered as customers.  Keeping patients satisfied is consid-
ered as a top priority by many healthcare organizations. The  traditional concept,  that people need healthcare 
and  will continue to use the same health care providers out of necessity, even if they are not happy with their 
services they receive, has been changing rapidly (Jayanta K. Bandyopadhyay  2005 ). Six Sigma is a power-
ful approach to quality improvement that can be used in healthcare organizations to meet needs and expecta-
tions of patients. Six Sigma projects that focus on improving/solving existing quality problems follow the 
process of DMAIC (Define, Measure, Analyze, Improve, and Control)(de Koning et al., 2006).



DATA COLLECTION

Ethical approval for the study was obtained from the Office of Research and Development at University of 
Botswana. Permission sought from the Deputy Vice Chancellor, Student Affairs at University of Botswana, 
to access clinical data and carry out the research at the University of Botswana clinic was granted. Confiden-
tiality (anonymity and non-identification) of the study participants was maintained.

Both qualitative and quantitative data was collected to assess LSS practises and principles at work at UB 
clinic. The data was collected both retrospectively and prospectively using different methods of question-
naires, in-depth interviews and observations. Observation methods included retrospective review of the new 
clinic triage system which was developed in order to offer COVID-19 services at the clinic. Observation also 
included retrospective review of registers for number of patients’ visits, number of SARS-CoV-2 positive 
tests and stock levels for personal protective equipment and prophylaxis medication for COVID-19 related 
complaints. These reviews were done from the period of September 2020 when the clinic commenced offer-
ing COVID-19 services to July 2021 the period ending the study. Questionnaires were used for both patient 
and staff satisfaction surveys to assess the Lean principles of specify value, value stream and pull. In-depth 
interviews were also used to collect qualitative data, which was coded and themes derived.

Ethical considerations

Stock levels
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Table 1: Lean principles, variables & tools

Figure 4: Stock levels trends

 
Month Gowns  Masks Gloves Sani�zer(L) An�bio�cs(tabs) Supplements(tabs) 
Sept 105 520 13000 30000 686 15000 
Oct 0 200 16300 25000 626 10000 
Nov 0 3020 20500 25000 596 15000 
Dec 0  16400 50000 696 40000 
Jan 200 1700 11000 20000 696 40000 
Feb 0 740 12400 20000 646 40000 
Mar 0 2100 10800 15000 225 20000 
Apr 1030 4050 35200 5000 315 40000 
May 1940 15200 30900 50000 477 40000 
Jun 1750 13500 33600 40000 420 40000 
Jul 1650 13100 32700 35000 300 10000 
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Stock levels for personal protective clothing and prophylaxis medication in the facility are an indicator of its 
ability to adhere to the stipulated COVID-19 protocols of quarantining suspects and close contacts, testing 
them and transporting index cases to places of isolation. Gowns and masks have a high turnover in a health 
facility which tests and continuously transports positive COVID -19 patients to isolation sites. This may 
account for the relatively lower stock levels noted on Figure 4.

Staff satisfaction Survey.

127 |   Wesrford Research Journal 2022 | Volume 2 Issue 1

Table 5: Staff Satisfaction survey

The staff satisfaction survey was carried out using a questionnaire for staff at the facility. This was aimed 
at assessing Lean principles flow and perfection with respective critical factors skilled personnel and 
continuous improvement. Staff motivation levels are important for good service delivery. The patient 
survey ratings are calculated in percentages by dividing the number of responses in under various items 
by number of participants (n=20) multiplied by 100%.

Items Very 
dissatis�ied 
(%) 

Dissatis�ied 
(%) 

Neither satis�ied nor 
dissatis�ied 
(%) 

Satis�ied 
(%) 

Very satis�ied 
(%) 

The physical 
conditions in 
which you work 
 

10  10  10  40  30  

Freedom to 
choose your 
own working 
methods 

10   10  80   

Your fellow 
workers 10   20  40  30  
Your immediate 
manager    80  20  
The hours of 
work 10  10   70  10  
The attention 
paid to your 
suggestions 

20   20  40  20  

Your job 
security 10   10  40  20  
I feel very little 
loyalty to this 
clinic. 

10    40  10  

I am proud to 
tell others that I 
am part of this 
clinic. 

   40  60  

Often, I �ind it 
dif�icult to agree 
with this 
institution's 
policies on 
important 
matters relating 
to its 
employees. 

10   20  60  10  

For me this is 
the best of all 
possible clinics 
for which to 
work. 

10    60  30  

Future chance of 
promotion 20  40   30  10  

  



The survey showed most staff members are satisfied with working at UB clinic; 100% were satisfied with 
their immediate managers, 90% noted it’s the best possible facility to work in during the COVID -19 
pandemic,80% satisfied with the working hours, 60% with their job security and 100% proud to be part of 
the working staff at the clinic. In the era of COVID-19 where HCWs work long hours and under risky 
conditions, these high approval ratings by staff at UB clinic may demonstrate that they are satisfied with the 
health protocols in place and the measures taken into consideration to ensure their safety. The flow of patients 
may also assist in avoiding working after hours, improved efficiency and effectiveness contributing to 
satisfied staff members. The high approval by staff for their managers also suggests the LSS principles that 
the management adopted were accepted and adopted by the staff members pointing to a positive cultural 
change.

The in-depth interviews were conducted with 5 purposively sampled participants. The participants had to be 
familiar with the LSS principles, either used the UB clinic as customers and also familiar with the Botswana 
health system. The five participants were a Medical doctor training to be a public health physician, a Profes-
sor in management who came for vaccination at the clinic, a previous LSS consultant in the United Kingdom 
working as a lecturer at UB, a Health care manager and lecturer in faculty of Medicine and Manager of inter-
nal audit at UB who came for testing and COVID-19 management at the clinic. 
The interviews were transcribed using the online software, otter.ai. Codes were generated and turned into 
themes as below.

This theme represented all the participants’ views that the health system in Botswana has many areas of 
waste that need to be identified. They noted delays at UB clinic in waiting areas, with long queues for 
vaccination and testing. UB clinic services mostly a working population and students and all the delays 
resulted in missing time from work. All the participants agreed that removing or minimizing time wastages 
is important for good quality service and patient satisfaction. 

4.6 In-depth interviews

4.6.1 Waste
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Codes Theme 
Missing time from work 
Long queues 
Waiting for long periods 

Waste 

Attend to patients on time 
Avoid delays 
Communicate with customers 
Updates 

Process improvement 

Plan properly 
Avoid wasting money 
Vaccination programs 

Good management  

Overcrowding of patients 
Spread infections 
Increasing deaths 

Covid-19 Health protocols 



This theme encapsulated the participants’ view that both external and internal processes have to improve for 
UB clinic to be able to offer services effectively and efficiently. The health professionals noted that the 
vaccines used at the clinic were supplied by the government, therefore interruptions of supply resulted in 
failure to vaccinate patients at UB clinic. Professor in Management stated that health care industry in 
Botswana must employ LSS at all levels, from government level to facilities level and was confident that 
positive results will emerge.

The participants all converged on the idea that successful response to COVID-19 in Botswana needs both 
good clinical and management approaches. Established managers with experience in established 
management methodologies such as LSS need to work closely with both clinicians and researchers in the 
response. Areas of poor management noted by the participants were the shortage of vaccines and no clear 
communication on the vaccination strategy in Botswana. The participants expressed disappointment of 
Botswana vaccination rate of less than 10% as of July 2021 with increasing mortalities. They noted other less 
economically developed countries in Africa have entered into agreements for vaccine supplies when 
Botswana has failed to do so. There was a consensus that the ad hoc kind of leadership found in the health 
care industry in Botswana is not equipped to address the emerging health challenges such as COVID-19.

4.6.2 Process improvement

4.6.3 Good management

4.6.4 COVID-19 health protocols

4.7 Discussion
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Under this theme, all the participants showed confidence that adhering to the set health protocols can help in 
the response to COVID-19. They noted these protocols require resources, prudent management and 
widespread public education. All participants agreed that LSS principles and practices can offer resilience to 
health care during the pandemic. They noted and applauded the LSS practices at UB clinic but noted the 
delays in waiting areas can undermine compliance to COVID-19 health protocols, as people spend more 
time cross infection may occur and physical distancing also gets compromised.

The first objective of the study was to determine the LSS principles and practices in use at the UB clinic. The 
impact of these principles and practices would then be determined in relation to compliance to the set 
COVID-19 health protocols as the second objective. The third objective of the study was to assess factors 
affecting the implementation of LSS practices at UB clinic.
All the Lean principles of specify value, value streaming, flow, pull and perfection were determined to 
varying degrees at the facility. All consultations at the facility were done in private rooms by qualified and 
registered HCW’s; patient records were kept confidential with access available only for HCW’s. HCW’s 
followed WHO and Botswana Ministry of Health & Wellness (MOHW) approved treatment guidelines. 
Morning reports were held daily and presentations on customer care were regularly done. The facility 
therefore upholds the principles of professionalism, confidentiality and customer focus in all its operations. 
Access is a key factor in providing quality health care. The patient satisfaction survey showed that more than 
70% of all participants were satisfied with all aspects of accessibility. Furthermore 64% of all the respondents 
stated they would recommend someone else to use the facility. This shows that the value the clinic brings to 
its patients is well defined and specified for their needs.



CONCLUSION
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The value stream principle was also found operational, with a booking system in place for vaccination. All 
identified close contacts for index cases were contacted and booked for a test and directed to the ‘flu clinic’ 
instead of general services at the screening point. The patient satisfaction survey also showed that there was 
good interaction between HCW’s and patients at the clinic with an approval by more than 60% participants 
in all the aspects of staff interaction evaluated. 
The patient flow mapping which was devised at the facility employed the use of Six Sigma DMAIC method 
to ensure that services are offered in a predictable and orderly manner. Standard operating procedures were 
in place to guide HCW’s on managing COVID-19 related complaints by patients to minimize variability in 
processes and avoid individual HCW’s errors. Patients were routed to different areas of assistance. All 
suspects and close contacts were tested for possible infection. A testing algorithm was developed as follows; 
all contacts without any accompanying ‘flu’ like symptoms were tested with a rapid SARS-CoV-2 antigen 
based test after 72 hours and discharged if negative. 
64% of the participants in the patients’ survey noted that the facility was their clinic of choice, with reasons 
including its easier accessibility, cleanliness and general staff interaction with patients. During the pandemic, 
the demand for clinic visits, health education and testing for SARS-CoV-2 remains high, firmly establishing 
the pull principle at the facility.
The third objective of the study identified the following as challenges in implementing LSS practices at UB 
clinic; lack of professional training in LSS means that statistical methods that could be used in total quality 
improvement in the clinic processes were not employed in this setting. The UB clinic functioning is 
dependent of the national and district health systems. This potentially negates the impact of LSS at the 
facility when there are delays and inefficiencies at other levels of the health system e.g delay in distribution 
of vaccines resulted in delays in servicing the patients in the clinic.

The COVID-19 pandemic continues to cause disruptions in the healthcare sector worldwide. The continued 
rising mortality and morbidity clearly demonstrates that the response to this pandemic must incorporate 
established management methodologies alongside clinical approaches and scientific research for it to be 
successful. Key to the response is developing resilience mechanisms for health sector to return to a level of 
functionality that can support emerging infections and post COVID-19 health complications.
LSS implementation in health care settings has been shown to improve processes efficiency and overall 
performance. This is important in the response to COVID-19 at all levels of the health system. Inefficiency 
and poor performance can easily undermine the health protocols that have been set at facility level and 
shown to be effective in controlling the spread of the SARS-CoV-2 virus. The results showed that LSS 
principles were employed in the clinic and showed an overall positive impact of the principles applied. The 
services at the clinic were customer focused and clear processes were being followed in management of 
patients. The LSS principles allowed for a continuous availability of supplies and both the staff and patients 
were satisfied with services offered by the clinic during the pandemic. The waste identified at the clinic 
was delays in the waiting areas. This was noted to be because of daily delay of dispatch of vaccines from 
the central store outside the clinic. Significant gaps were also noted in the use of LSS at the clinic, which if 
addressed could further enhance the positive impact of LSS on compliance to the health protocols. The 
study showed that the use of LSS principles in health facilities can help in compliance to COVID -19 
health protocols and thus convey a level of resilience to health systems during the ongoing pandemic.
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