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Abstract 
 The need for medical knowledge sharing is rapidly 
increasing in Zambia and in the entire African region 
owing to the fact that more than 50% of country’s 
population lives in remote areas where less skilled 
medical practitioners are mostly found. The primary 
objective of the clinic desk is to provide health care to 
patients very far from the hospital and those in remote 
areas. Through the clinic desk patients are able to access 
medical specialists to resolve problems related to their 
health throughout the nation. As such, the medical 
practitioners in the clinic desk must be very 
knowledgeable of the diseases the patients are suffering 
from and their respective medical prescriptions in order to 
provide health care and support.  
However, it is evident that in Zambia we still have few 
medical doctors and medical specialists. This problem 
limits the available health care to large hospitals and 
other renowned health institutions, leaving the large 
population with limited or no access to medical specialists. 
In times of epidemic diseases such as cholera and 
dysentery, the need for knowledgeable medical 
practitioners becomes unbearable.  Clinical officers who 
are found at clinic desks are usually less skilled than 
actual medical doctors and medical specialists. Therefore, 
for these clinical officers to attend to the patients 
effectively, they need to have access to the knowledge 
bank. Most efforts at improving clinic desk performance 
have been to make the current system more efficient 
through application of information technologies. In this 
paper we propose a new approach, called a Medical-
knowledge management system for distributed health care. 
The proposed knowledge management system draws upon 
diverse knowledge sources in the hospitals including 
databases, files, expert doctors, knowledge bases, and 
group chats. The knowledge management system is 
designed to be incorporated into the daily operation of the 
clinic desk in order to ensure high utilization and 
maintenance of the medical-knowledge stores, for 
accurate medical prescriptions. The benefits of the 

Medical-knowledge management-oriented clinic desk are 
evaluated using a simulation study with actual data from a 
clinic desk at the Kapiri-Mposhi clinic in Zambia. The 
experimental results indicate the Medical-knowledge 
management approach would significantly reduce the time 
to perform medical support and improve the efficiency of 
the clinic desk.                
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1. Introduction 
 
Clinic desks serve an important role of the hospital 
or medical centre by providing the primary point of 
contact for patients in remote areas or far from the 
hospital to contact clinical officers to provide health 
care support such as diagnosis, medical prescriptions 
etc. 
To provide medical support, clinical officers must 
possess knowledge of the diseases the patient is 
suffering from and the scope of support that can be 
provided to the patient by the clinic desk. Knowledge 
has been defined as, ‘‘a justified personal belief that 
increases an individual’s capacity to take effective 
action’’. The product of the clinic desk is this 
knowledge. 
Acquiring and maintaining the knowledge to provide 
effective medical support is becoming increasingly 
difficult. According to a study conducted by the 
Zambia Research and Development Centre, the 
average number of medical support by clinic desks 
has rapidly in the past 5 years. 
In the traditional clinic desk, the clinical officer is 
responsible for handling a patient and performs 
disease diagnosis and medical prescription by 
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resorting to various information and knowledge 
sources. We call this an officer-centric clinic desk. 
There are at least two problems with the officer-
centric approach. The first problem is of recognizing 
repeat diagnoses and prescriptions as such. Clinical 
officers report about 60–70% of their time is spent 
on performing repeat diagnoses and prescriptions. 
However, when the clinic desk receives a patient, 
may be assigned to a clinical officer who has not 
previously diagnosed that type of disease. The 
officer-centric clinic desk does not capture an 
officer’s knowledge about diagnosing a particular 
disease in a way that it can be searched, reviewed, 
disseminated, and updated by others. Consequently, 
the benefits of learning are not fully realized because 
the structure of the officer-centric clinic desk does 
not facilitate sharing knowledge. The second 
problem is that clinic desk officers are stores of 
significant knowledge concerning the patients and 
how they diagnose them and if they leave their 
knowledge often goes with them. These two 
problems reduce both the efficiency and 
effectiveness of the clinic desk. 
 
The two problems identified with an officer-centric 
clinic desk are both related to the ability of the clinic 
desk to acquire, maintain, and disseminate the 
knowledge of all the officers. In this paper we 
present a knowledge-oriented clinic desk system that 
addresses these two problems by improving how 
knowledge is managed by the clinic desk. 
Knowledge management is a discipline that provides 
strategy, process, and technology to share and 
leverage information and expertise that will increase 
our level of understanding to more effectively solve 
problems and make decisions. In the next section we 
review clinic desk operations and trends. Then we 
examine knowledge management practices and 
technologies. A knowledge management-oriented 
clinic desk system is defined. To evaluate the 
benefits of the proposed system we perform 
experiments to compare the officer-centric to the 
knowledge-oriented system. Actual data from an 
clinic desk was collected and used to create a 
simulation model. A three factor two level 
experiment was conducted. The results are presented 
and conclusions are drawn in the last section. Our 
contributions are first the specification of a 
knowledge-based clinic desk and second the 
performance evaluation of the system using actual 
hospital data. 

                     

 
            Figure 1: Officer – centric clinic desk 
 
2. Knowledge management 
 
Knowledge management is about acquisition and 
storage of medical specialists’ knowledge and 
making the knowledge accessible to other medical 
officers in the health institution. Knowledge exists in 
two forms. Tacit knowledge is defined as personal, 
context-specific knowledge that is difficult to 
formalize and communicate. Explicit knowledge is 
factual and easily codified so that it can be formally 
documented and transmitted. Through knowledge 
management a health centre changes medical 
specialist’s knowledge into hospital knowledge. 
Hospital knowledge is knowledge held by the Health 
centre. The Health centre maintains the hospital 
knowledge in hospital knowledge resources which 
are operated on by human or computer processes that 
manipulate the knowledge to create value for the 
Health centre [1]. Hospital learning is a process that 
amplifies the knowledge created by individual 
medical specialists and crystallizes it as part of the 
knowledge network of the Health centre.’’ In a clinic 
desk environment, much of the knowledge is from 
experiential learning. A challenge is how to transfer 
the knowledge gained by individuals into Hospital 
knowledge. 
Many authors have described processes for 
knowledge management and propose an 
amalgamated process that involves the following 
steps: (1) collecting knowledge, (2) organize 
knowledge, (3) storing knowledge, (4) making 
knowledge available, (5) using the knowledge, and 
(6) knowledge evolution. Technology is available to 
support each one of these knowledge management 
process steps. Knowledge management systems 
(KMS) are systems that gather, organize, and 
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disseminate an organization’s knowledge as opposed 
to information or data [1]. 
For the clinic desk, the relevant knowledge 
management approach is of disease diagnosis and 
medical prescription. The primary function of the 
clinic desk is to perform medical diagnosis and drug 
prescription of both new diseases and previously 
diagnosed diseases. When diagnosing new diseases 
or other medical problems, it is called knowledge 
creation. This involves creating knowledge about 
symptoms, cure and prevention of a particular 
disease or medical disorder. Diagnosing previously 
diagnosed diseases is called knowledge acquisition. 
Several characteristics can be defined that would 
make a KMS successful in the clinic desk. The KMS 
must be able to gather knowledge from medical 
practitioners and other sources. In a clinic desk 
environment, the information and knowledge resides 
in many disparate forms such as databases, files, 
people, electronic documents, and procedures. Part 
of the knowledge management task is the coding and 
classification of the stored information and 
knowledge so that it can be put to use by less 
experienced clinic desk officers in providing medical 
support to the patients.  
 

 
 Figure 2: Medical-knowledge management clinic desk 
 
3. A knowledge management system for a 
clinic desk 
 
The Mdical-knowledge management approach to a 
clinic desk is shown in Fig. 2. In this approach the 
knowledge management system (KMS) serves as an 
intermediary between the clinical officer on the 
clinic desk and all data, information, and knowledge 
sources. The strength of this approach is twofold; 
first by becoming the intermediary all information 
passes through the system and thus should facilitate 
the knowledge acquisition function. A second 
advantage of the medical-knowledge management 

system is it specifies a single uniform interface for 
the clinical officer to access various knowledge 
sources. It is recognized that the clinical officer must 
access a multitude of medical-knowledge sources 
with different file formats, at remote locations, and 
often organized differently. 
Except for the medical-knowledge base, the medical-
knowledge from the other sources are not organized 
since the medical-knowledge sources are external to 
the system. Rather the interface for searching for the 
medical-knowledge is organized. 
 
The medical-knowledge management system is 
designed to support both tacit and explicit knowledge. 
To accomplish this goal the proposed medical-
knowledge management system integrates several 
technologies including group-ware, information 
retrieval, and document management. The group-
ware element is the ability to collaborate on a 
patient’s medical-problem with other clinic officers 
and to access them through the system. The group-
ware aspect addresses tacit knowledge, which is 
personal and context-specific making it difficult to 
formalize. The information retrieval element is 
evident in the ability to access remote information 
whether in a database, on the Internet (such as a FAQ 
from medical specialists), or document files. 
Document management is evident in the storage and 
indexing of documents on file servers. The later two 
technologies address explicit medical-knowledge, 
which can be codified. An important element of the 
medical-knowledge management system is 
organizing access to the medical-knowledge so that it 
can be retrieved as needed. Medical-Knowledge is 
organized according to a taxonomy of disease 
classification, symptoms, diagnosis and drug 
prescription. The taxonomy is context-specific to the 
clinic desk and how the clinical officers perceive the 
patient’s medical-problem domain. The knowledge 
management system interface is shown in Fig. 3 to 
illustrate how the taxonomy is used to access various 
knowledge sources. On the left-hand side are the 
search criteria for the disease. On the right-hand side 
there are knowledge sources including medical 
specialists for the identified problem, documents that 
match the problem, associated files, and knowledge 
bases. Medical experts in the system are self 
classified according to the taxonomy described 
above. Some of the identified sources such as the 
documents that match the problem may or may not 
help the clinical officer in diagnosis for the patient. 
The knowledge bases are cases as used in the case-
based reasoning approach. It is possible that the 
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clinical officer, usually a lower skill job 
classification than a medical doctor, can with the aid 
of the KMS resolve the patient’s ailment. This is 
possible when the patient’s ailment matches a case in 
the system. Then both the time to perform diagnosis 
will be improved and at a lower wage rate than if 
utilizing a medical specialists. The second potential 
performance improvement is that through the 
knowledge management system the clinic desk 
officer can leverage clinic’s knowledge and support 
patients faster than if working without the knowledge 
management system. The Medical-knowledge 
management system helps achieve hospital learning. 
When a disease is diagnosed by any clinical officer 
then the diagnostic solution becomes part of the 
clinic’s memory and is available to all other clinical 
officers. The knowledge management system is 
incorporated into the processes of the clinic desk. 
Acquisition of new knowledge and maintenance of 
the knowledge is not a separate process.  
 
 
4. Performance evaluation of the Medical-
knowledge management clinic desk 
 
The research objective is to analyze the performance 
of the medical-knowledge management clinic desk 
system. The research hypothesis is the Medical-
knowledge management system will provide an 
effective medical support to patients, and faster 
disease diagnosis will be achieved by clinical 
officers. A shorter problem resolution time will 
occur because the Medical-knowledge management 
system will facilitate hospital learning and will 
enable less knowledgeable clinical officers to access 
medical-knowledge sources acquired by the entire 
group which will enable them to provide medical 
support to patients faster and effective. A second 
reason the medical-knowledge management system 
will reduce the problem resolution time is many 
patients that would have been delayed while waiting 
to be attended to by more specialized medical 
doctors, can be attended to by clinical officers, which 
would greatly reduce the time to resolve that 
medical-problem. A consequence of a shorter 
resolution time should be a higher throughput and a 
decrease in the average queue size for patients. 
Formally, the hypothesis is:  
Hypothesis 1. The attendance time in system for all 
patients except for critically severe patients will be 
lower in the medical-knowledge management system 
than the officer-centric system. The hypothesis 
excludes a class of patients termed critical severity 

because these are typically handled specially. More 
on the patient classification is discussed in a later 
section. To test the hypothesis a simulation model is 
developed that describes the current officer-centric 
clinic desk and the medical-knowledge management 
clinic desk. Simulation enables clinic desks to 
perform analysis that captures the entire 
interrelationship between patients, clinical officers, 
skills, and technology. In this case, the simulation 
model research approach is adopted so that we can 
conduct experiments to evaluate the Medical-
knowledge management system without disrupting 
the clinic desk’s daily operations. The simulation 
enables an evaluation of the performance of the 
Medical-knowledge management system prior to 
full-scale implementation in the clinic desk. The 
simulation model will help to analyze the benefits or 
advantages that can be obtained with the 
implementation of the Medical-knowledge 
management system. 
 
5. Description of current officer-centric clinic 
desk  
 
There has been an increasing demand for skilled 
medical practitioners in zambia. The Zambian 
government realized a long time age that university 
graduate medical doctors would not meet the 
escalating demand. Therefore, an intermediate 
program was introduced at Chainama hills college to 
train clinical officers for a period of three years. 
After training, they are posted to remote health 
centres or clinic desks throughout the nation. These 
clinical officers are often skilled enough to meet the 
medical demand in the rural areas of the country. 
However, they are not knowledgeable enough to 
meet the medical challenges in those areas. In the 
traditional clinic desk, the clinical officer is 
responsible for handling a patient and performs 
disease diagnosis and drug prescriptions mostly by 
resorting to other information and knowledge 
sources. We call this an officer-centric clinic desk. 
When the officers fails to resolve a medical-problem, 
a patient is usually referred to medical specialists in 
higher hospitals. And this is often many kilometers 
away from the site. Due to this, medical attention is 
often delayed on these severe patients. There are at 
least two other problems with the officer-centric 
approach. The first problem is of recognizing repeat 
diagnoses and prescriptions as such. Clinical officers 
report about 60–70% of their time is spent on 
performing repeat diagnoses and prescriptions. 
However, when the clinic desk receives a patient, 
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may be assigned to a clinical officer who has not 
previously diagnosed that type of disease. The 
officer-centric clinic desk does not capture an 
officer’s knowledge about diagnosing a particular 
disease in a way that it can be searched, reviewed, 
disseminated, and updated by others. The second 
problem is that clinic desk officers are stores of 
significant knowledge concerning the patients and 
how they diagnose them and if they leave their 
knowledge often goes with them. These two 
problems reduce both the efficiency and 
effectiveness of the clinic desk. 
 
Table 1 
Frequency of each category 
Patient category                    Percentage of frequency 
Fever                                                                61.40 
Stomach                                                           22.98 
Malnutrition                                                       9.88 
Injuries                                                               3.73 
Others                                                                 2.01 
 
6. Data collection 
 
Prior to data collection unstructured interviews were 
held with the management and clinic desk officers. 
The purpose of the interviews was to learn the clinic 
desk operating procedures, the key performance 
indicators (KPI), demand levels, and to obtain insight 
from the clinical officers working in the clinic desk. 
The KPIs are management performance tools to help 
determine the clinic desk performance in meeting 
objectives and established medical service level 
agreements. Among the KPIs identified the relevant 
ones to our study were: (1) number of patients 
received versus number of patients referred to higher 
hospitals; (2) number of patients supported at first 
contact; and (3) average time to provide medical 
support at each level. Based on these KPIs, the data 
requirements were identified in order to build a 
simulation model. 
Data was collected from the Remedy kCTI system 
for four separate weeks randomly selected from a 6-
month period starting in January to June. The data 
collected was for a total of 4965 patients and 
consisted of the time between arrivals, number of 
resources, types of patients, and medical service 
times.  
The Remedy system cannot provide data of patients 
who are referred to hospitals. The interviews with the 
clinical officers suggest that this was generally a 
medical problem beyond the clinic desk’s scope 
 

The patients are classified into 5 categories as shown 
in Table 1 with their frequency of occurrence. 
A Pareto phenomenon is observed whereby the top 2 
categories account for 84.67% of the total types of 
patients received. The frequency of each priority is 
shown in Table 2. 
The service times for each category were analyzed 
and determined. The service time is correlated to the 
category and assigned level. For each category a 
probability distribution was fitted to the data 
collected to arrive at a function for service time to be 
used in the simulation model. 
 
Table 2 
Classification of patients by priority 
Priority                  No. of patients                        % 
Low                            4488                               90.39 
Medium                        256                                 5.16 
High                              200                                 4.03 
Critical                            21                                 0.42 
Totals                          4965                             100.00 
 
 
7. The simulation model 
 
The officer-centric and Medical-knowledge 
management clinic desks were modeled in the 
simulation package ZRDC-soft. A full exposition of 
the simulation model is available in [3]. The 
simulation model was verified to make sure that it 
works properly in terms of ZRDC-soft functionalities 
and the entities (patients) follow the same path as 
described in the conceptual model. The verification 
was done using the Trace function. The Trace was 
run for one replication for 4 weeks of operation time. 
The Trace output allows following the sequence of 
an entity as it flows through the system, from entity 
creation until entity disposal. The knowledge 
Medical-management clinic desk simulation model 
was also verified using the Trace function. The logic 
and entity process flow was determined to agree with 
the intended design. In addition to verifying the 
Trace output, the model was run with different 
replication numbers to verify that it works under 
different conditions. After verifying operation of the 
simulation model it was validated. Four replications 
were conducted with different random number 
streams on the simulation model. A t-test with a 95% 
confidence level was conducted to compare the 
results of the simulation model with the results 
recorded for the actual system based on the data 
collected from the centre. 
For each variable the null hypothesis of no difference 
between the systems was rejected with a 95% 
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confidence level which indicates the simulation 
model adequately represents the actual system’s 
behavior. 
 
Table 3 
Summary output for the Officer-centric versus Medical-
knowledge management clinic desk 
Variables                       OC system              MKM system  
O1: Throughput                      2733                             3371 
O2: Time in system 
critical patients (minutes)    416.73                         329.74 
O3: Time in system high 
priority patients (minutes)    503.07                        240.54 
O4: Time in system 
medium priority patients 
(minutes)                              547.07                        193.99 
O5: Time in system low 
priority patiens (minutes)    360.94                         152.06 
O6: Number of patients 
 in second level’ queue             103                               25 
O7: Number of patients 
 in third level’ queue                  83                                88 
 
 
 
8. Discussion of results 
 
The intention of the hypothesis was to prove that 
applying a knowledge management system would 
decrease the time in the system of high, medium, and 
low priority patient calls. Table 3 shows the results 
for each priority level. At the low, medium, and high 
priorities, the knowledge management-centric system 
outperforms the officer-centric system significantly. 
The time in system for low priority calls was 
improved by 57.9%, for medium priority by 64.5%, 
and for high priority by 52.2%.  
Critical patient calls are few in number (0.42%) and 
often require a medical specialist to make diagnosis 
and drug prescription. The knowledge management 
system is not designed to support these types of 
patients. 
The simulation output shows the medical-knowledge 
management system will have almost 19% higher 
throughput than the officer-centric system. This is a 
significant improvement. The knowledge 
management-centric system could lower the load for 
a stable level of patients thus releasing officers to 
perform other tasks.  
The experiments were based on a comparison of two 
models, the officer-centric clinic desk and the 
proposed Medical-knowledge management clinic 
desk. Extensive data for the former is available and 
was used to validate the model. The knowledge 
management system is in the prototype stage and has 

not been implemented in clinics. Consequently, there 
is no actual data. Other issues in the medical-
knowledge management system still require further 
investigation. First, the identification of medical 
specialists is currently by self-identification but a 
potential enhancement is to classify medical 
specialists based on the diseases they deal with. This 
can be accomplished so that a clinical officer who 
resolves a high number of diseases associated with 
category X would become a medical specialist in 
category X.  
 
9. Conclusion 
 
The article makes two contributions. The first 
contribution is the specification of a Medical-
knowledge system for a clinic desk. The medical-
knowledge system incorporates aspects of disease-
based reasoning systems, medical specialist locators, 
and group-ware systems, and indexes them for easy 
retrieval by clinical officers. The integration of 
several disparate knowledge sources enables the 
medical-knowledge system to support resolution of 
both repeat diagnoses as well as new diagnoses. The 
medical-knowledge system is centralized and 
integrated into the clinic desk process to better 
ensure its use while making maintenance and 
evolution a part of the everyday clinical activities. 
Thus, the medical-knowledge management system 
avoids the problems associated with systems that 
require specialized personnel to periodically update 
the knowledge contained in the system. Because all 
diagnoses and drug prescriptions pass through the 
knowledge management system, and this information 
and knowledge becomes available to all clinic desk 
officers. Thus, the knowledge is captured by the 
clinic or hospital as well as by the individual and 
promotes hospital learning. The research hypothesis 
was that the use of several medical-knowledge 
sources and the incorporation of the knowledge 
management system as the centralized component of 
the clinic desk would lead to performance 
improvements. The second contribution was to 
conduct a discrete-event computer simulation to 
quantitatively compare the officer-centric and 
medical-knowledge management clinic desk. The 
simulation study showed a greater than 50% decrease 
in average time to provide medical support to a 
patient and a 19% increase in throughput. These 
improvements are significant and provide 
justification for implementing the medical-
knowledge management system in clinics. This 
would enable less knowledgeable clinical officers to 
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deal with medical problems that might otherwise 
have needed attention of higher medical specialists. 
This is a great contribution especially to the Zambian 
health because there is a great need for more 
qualified medical practitioners. The advantage of 
simulation is to conduct a study without disrupting 
the operations of the actual clinic desk. Moreover, 
we are able to evaluate the proposed system prior to 
installation. 
There are several issues related to the adoption of a 
knowledge management system into the clinic and 
hospitals that are not addressed.  
The power of simulation is that different assumptions, 
such as no knowledge base, could be quickly 
evaluated. A second issue not addressed is the 
cultural barriers to acceptance and adoption of the 
system. Adoption of technology and unwillingness to 
share knowledge are well-documented [12]. 
Computer simulation experiments are not the best 
way to examine cultural issues or human acceptance 
of a system. 
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                                          Figure 2: Medical-knowledge management clinic desk 
 
 
 

 
 
                                                    Figure 3: Prototype input screen for search 
 


