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Abstract 
 

Lean is a quality improvement methodology that can identify and eliminate waste from processes. While the methodology is widely 

implemented in manufacturing and automotive, it is also applicable to another area such as the service industry of healthcare. Institutions 

who concern with health, such as the hospital involve complicated and lengthy business process daily. Consequently, this encourages the 

exhaustive process chain, which is unreliable, cost ineffective and resource wastage. Moreover, the chain may lead to medication error or 

error in medication delivery. Although the Lean systematic method is widely used in healthcare, there is limited empirical evidence in 

resolving such issues, mainly focusing on specimen handling in a real hospital environment. This paper generally focuses on the imple-

mentation of a systematic method of Lean into a healthcare institution in Malaysia to decrease the time access and to have better invento-

ry control of specimen. The adoption of Lean is achieved by implementing an efficient barcode system namely Specimen Labelling Sys-

tem (SPLS) for specimen handling to pursue better management, which will lead to time reduction and allow the hospital to offer good 

quality healthcare service. The study confirms that the systematic Lean method is significantly improved actions and processes. The find-

ing is also applicable to lead to a general patient satisfaction by adding values to the existing process but shorten some additional activi-

ties. 
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1. Introduction 

The number of organisations with Lean thinking has been increas-

ing every day. Successful Lean production practices result in sev-

eral operational, financial, productivity and quality improvements. 

One way for companies to be more successful in markets is to 

focus on performance and quality. While some organisations con-

tinue to grow and stay competitive in the service industry, other 

are struggling due to maintaining a high-quality service within 

their organisation cost practices [1].  

Due to these caveats, some organisations have started with Lean 

thinking and encourage systematic Lean systematic method to be 

implemented to assist their internal business process and to trans-

form their organisations into more profitable, resource effective 

and even more reliable. Lean can be acknowledged as a quality 

improvement methodology that can identify and eliminate waste 

from process [2], [3]. Rooted in an automotive industry such as 

Toyota Production System, Lean production only required fewer 

resources to make a greater variety of products with fewer defects 

[4]. Besides the systematic method of Lean, technologies can also 

be adapted to improve the processes such as implementing an IT 

application to support Lean. 

Patient-centred care has become one of the evolving trends and 

improving healthcare service is increasing in recent years [5]. 

Lean healthcare, from healthcare institutions such as hospital, in 

particular, exemplifies that member of the hospital can achieve a 

higher goal by acquiring fewer resources to produce fewer errors 

during working shift [4]. There are a few compelling factors in the 

healthcare industry (i.e., quality, efficiency, and cost), among 

others, and these factors are related to each other [6]–[8]. Control-

ling the cost is imperative in Lean, and this will improve the over-

all quality and efficiency. 

In the literature, studies have shown the service industry such as 

hospital has moved into the implementation of IT applications as 

part of their Lean healthcare strategy and execution [9], [10]. 

These applications include Electronic Health Records, Computer-

ized Clinical Documentation Systems and Health Information 

System to improve their operational processes in out-patients, in-

patients, operation rooms and emergency areas [11], [12]. Howev-

er, there is a lack of evidence about the implementation of speci-

men labelling and record system while this process is crucial in 

delivering general quality service to avoid defects (e.g., medica-

tion error and error in medication delivery) [13], [14]. 

Consecutively, one of the Malaysian hospitals through a dedicated 

team has taken an excellent initiative to introduce and adopt the 

Specimen Labelling System (SPLS) in one of its Lean Healthcare 

projects. The medical team and a group of researchers have estab-

lished an efficient mechanism to implement a specimen handling 

system that can help to produce patient details on the specimen 

equipment, together with specimen dispatch report. The primary 

objectives of the SPLS are: 

a. To reduce the time taken by medical staff to write patient 

information on sticker label;  
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b. To reduce the time taken by medical personnel to write spec-

imen details on the specimen delivery report 

Accordingly, reducing the time taken to write patient information 

is crucial to minimise error in handling patient specimen. While 

there is a high possibility of hospital staff will make a mistake 

during the specimen handling, the system should be able to elimi-

nate manual effort and increase the productivity of the team. Fur-

thermore, an efficient mechanism for producing specimen dispatch 

report is required to decrease patient waiting time while there are 

several patients in the queue. 

The highlight of the current challenges is addressed to the stake-

holders to adopt the SPLS, such as: 

a. The stakeholders are ready to accept the changes in their 

work style by having this new system. 

b. The hardware such as printers is available and ready to use in 

all pilot wards.  

c. To ensure that the intranet/internet connection via cable is 

available at every station in all pilot ward. 

The remainder of this paper is organised as follows: Section 2 

explains the overall methodology used in the study. The method-

ology contains several approaches including requirement gather-

ing, analysis and experimental setup. Section 3 focuses implemen-

tation and testing approach on testing the system against the 

requirements. Section 4 describes the experimental results using 

one of the common metrics of Lean evaluation. Section 5 con-

cludes the results of the study and future research. 

2. Research Methodology 

 

Fig.  1: SPLS research and project management plan 

 

The study consists of various stages of information management. 

As shown in Figure 1, a holistic research methodology and project 

management plan, which contains disparate activities, is 

established as the protocol for conducting the study from various 

perspective. The stakeholder, which are of different interests, 

backgrounds, and operational tasks, is distinguished from 

providing supports such as the direction and approval of ideas 

where it is important in ensuring project success.  

The management activities take information such as problems, 

raw requirements and statements as the input to the analysis pro-

cess. While the raw information is usually unstructured by nature, 

some commonly used Software Engineering techniques are im-

plemented to depict the system workflow and requirements. The 

techniques involved are selected based on the on-going focus-

group discussions, meetings and observations. Documents are 

organised in parallel with the techniques for tracking and man-

agement purposes. The documents from these activities are pre-

pared to guide the software development and other activities as 

they specified the system dependencies, objectives, specific sys-

tem functions, and other requirements.  

2.1. Understanding the Problems and Requirement 

Gathering 

 

Fig.  2: Requirement gathering activities 

Requirement gathering is the core activity before the development 

starts. As shown in Figure 2, several activities are done in ensur-

ing problems and requirements are correctly gathered.  

"Gemba Walk", a similar process of site observation, is one of the 

Lean activities used to observe the actual process, understand the 

process functions and observe the wasteful activities [15]. Ses-

sions of unstructured interviews are scheduled to capture the re-

quirements from the process owners. Expert sampling, a  is a non-

probability method, and purposive sampling is utilised to select 

several key persons with experience and expertise in the area of 

the study [16]. The activity is conducted to identify issues related 

to the owners' experiences while using the manual system. Based 

on the sampling method, three medical consultants, four medical 

officers, three matrons and four staff nurses are selected. Then, 

several groups of medical officers are gathered in split sessions to 

retrieve their statements. The questions focused on the users' expe-

riences, struggles and problems in completing their specimen la-

belling tasks. Several case studies are selected as the research 

baseline to understand the processes and the existing system in-

volved in the current manual specimen handling system. These 

activities are conducted to capture requirements and to design the 

"as-is" process.  

The data collection period is executed throughout the project time-

line. The site observation was performed in the first week of the 

project execution. Meanwhile, the unstructured interviews are 

conducted with an interval of one day. Both observation and un-

structured interviews are performed during working hours from 8 

a.m. to 5 p.m. 

Based on the unstructured interviews and the observation, the “as-

is” process and the actual time spent on each task in the process is 

identified. The problems are also defined: 

a. First, the time taken to write patient particulars on sticker la-

bels. The medical ward staffs in which they have to write the 

details on a label and paste the label on the specimen contain-

er. There are about six to twelve specimens upon admission. 
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b. Consequently, the staff has to manually write the labels de-

pending on how many specimens are required. For an average 

of six specimens per patient per day, medical ward staff will 

take approximately 15 minutes to complete the tasks. For an 

average of a patient warded in the hospital for three days with 

an average of specimens taken per day, the medical staff will 

need to spend at least 45 minutes for each patient for writing 

on the labels.  

c. Time taken to write and print specimen details in specimen 

delivery order. Medical ward staff needs to record the speci-

men information in the specimen delivery report manually. 

There will be an average of ten specimens for each delivery 

report. The medical ward staff will take an average of two 

minutes to record one specimen information in the delivery 

report. Therefore, the time spent to write down ten specimens' 

information for a delivery report is 20 minutes/report. 

2.2. Deep Diving and Requirement Analysis 

Raw requirements are generally given and written in an unstruc-

tured way. Deep diving the requirements and perform detail analy-

sis is significantly important to encourage process improvements 

and reveal other opportunities. Figure 3 shows the process of ana-

lysing the raw requirements. 

 

 

Fig.  3: Requirement Analysis Activities 

The process takes raw requirements from previous activities to 

develop documents such as Software Requirement Specification 

(SRS) and Solution Design. The SRS mainly outlines the system 

functions, actors, and non-functional requirements. These high-

lights are useful to provide objectives and guidelines for the pro-

ject team and developers, accordingly. The main objective is to 

build a web-based application that can be accessed through the 

web browsers from medical wards. The system is hosted on a PC 

that is physically placed in a dedicated data centre of the hospital. 

An authenticated user can access any readily available data to 

perform any functions. The solution is proposed in Figure 4 by 

considering the system scope and several connotations, including 

the Lean objectives, and quality.  

 
Fig.  4: Solution Design 

 
The SPLS is developed based on the requirements captured and 

the solution design. The integration between the system and the 

existing database is established by implementing a web service, 

which it assists the barcode generation based on patient infor-

mation. The barcode is crucial because it helps to reduce the time 

taken in writing information on the sticker label. Furthermore, the 

barcode information is also useful for another system.  

Specifically, the development covers the following features:  

a. Able to fetch details based on Identification Card (IC) num-

ber; 

b. Able to generate barcode and print on the sticker paper; 

c. Able to use the existing pre-cut sticker; 

d. Able to update specimen to dispatch to the Pathology lab; 

e. Able to print the specimen delivery report. 

The “to be” process illustrated in Figure 5 is created by taking into 

consideration the wastes and problems in the “as is” process. The 

“to be” process was reviewed and validated by the process owners. 

The validation of the “to be” process was done by comparing the 

“as is” and “to be” process and the suggested solution. 

 

 
Fig.  5: System Process Flow 
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2.3. Prototype Development 

 
Fig.  6: Development activities based on the Agile development approach 

 

An SDLC methodology called Agile is the incorporation of short 

cycles of planning and work to ensure adequate performance. This 

modular methodology has been acknowledged by an international 

standard of healthcare practice in achieving the goals of turna-

round times and quality [17]. Subsequently, there is a study which 

attempts to combine agile methodology with Plan, Do, Study, Act 

(PDSA) cycle, a popular method to document a test of change in 

improving healthcare industry, to assist a robust improvement  

[18].  

In this study, the Agile software development methodology is 

selected as shown in Figure 6, and the study is completed within 

two months. Meanwhile, Agile requirements engineering is also 

applied in requirements engineering stage to accelerate processes 

in the requirements stages such as elicitation, verification and 

validation of requirements.  

In agile requirements engineering, the requirements are described 

gradually based on the interaction between the process owners and 

the development team, less formal and less documented [19]. The 

requirements engineering tasks such as elicitation, analysis, verifi-

cation, validation and documentation are executed in parallel with 

development activities such as designing the technical solution 

and developing the solution. The same development team and 

process owners play a significant role to complete the tasks with 

high commitment and on schedule. 

3. Implementation and Testing  

While software testing is a validation approach in the development 

lifecycle and comprehends many activities, from unit testing to 

acceptance testing focus to achieve certain objectives [20], there 

are four types of testing conducted to examine the SPLS (i.e., 

hardware testing, integration testing, user acceptance testing 

(UAT), and performance testing).  

Hardware testing is conducted to test the hardware, which in-

volved a personal computer (PC), printer and barcode reader. The 

test is required to ensure the new and existing hardware is in the 

expected condition and conform with the requirements. Integration 

testing is another testing type to test the integration part of the new 

system and the current system. Particularly, it is to examine the 

data retrieval part from the existing database to the new system.  

Pilot testing is conducted to test the system from various perspec-

tive. From three medical wards identified for the project, one ward 

is selected to start with pilot testing. Once the pilot testing com-

pleted, then the user acceptance testing (UAT) is executed on all 

identified wards. The UAT session for each ward is divided into 

two slots to accommodate their two working shifts, which are the 

morning shift and night shift. The sessions are conducted with the 

involvement of seven representatives from each ward, comprise of 

two medical officers, one Matron, one Sister and three staff nurses. 

Total users involved are 42 users.  

Besides, the SPLS is also measured using one of the components 

in lean metrics. According to [21], [22], there are four components 

in lean metrics which are cost (financial performance improve-

ment and cost reduction), time (waiting time reduction and length 

of stay reduction), defects (rework reduction and medical error 

reduction) and value (service capacity increase). Time is the se-

lected component to be measured in this system, and it is tracked 

during the UAT session. Figure 7 and Figure 8 depicted two main 

pages of Specimen Label, and Specimen Dispatch developed and 

tested by the users in UAT sessions. 

The Specimen Label page allows the medical staffs to print sticker 

labels and place them on any patient’s related specimens including 

the follow-up card. The stickers are labelled by IC Number, name, 

ward, specimen name and barcode. The medical staffs are allowed 

to print the sticker labels based on the required quantity. The 

Specimen Dispatch page, on the other hand, allows the medical 

staffs to prepare and print the specimen dispatch report to be 

submitted to the Pathology lab. Based on the IC Number scanned 

from the sticker label, the staff is required to key in the specimen 

type which can be found in the physical specimen. Then, the spec-

imen dispatch report will be printed according to the scheduled 

time, and the specimen dispatch status for each specimen must be 

updated before printing. 

 

  
Fig.  7: Specimen Label 

 

 
Fig.  8: Specimen Dispatch Page 

4. Experimental Results 

Table 1 lists the result of hardware testing, integration testing and 

UAT testing based on the test cases created for each of the fea-

tures. The result is a pass for all the listed modules.  
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Table 1: System Testing Result 

# Test Area Module Result  

1 
Hardware  

Testing 

PCs Pass 

Printers Pass 

Barcode Reader Pass 

2 Integration Data retrieval Pass 

3 UAT 

Fetch IC No Pass 

Generate barcode Pass 

Print to sticker Pass 

Update specimen to dispatch Pass 

Print specimen delivery report Pass 

 

Table 2 shows the result related to time, one of the lean metrics, 

conducted in three medical wards. The result indicates each user 

on average took not more than 5 minutes to complete specimen 

labelling task. This has shown that there is a tremendous im-

provement regarding the time required to complete specimen han-

dling (i.e., labelling) which initially it takes around 45 minutes to 

complete. 

Table 2: Task Completion Time (in minutes) for Specimen Labelling 

User / Ward Ward 1 Ward 2 Ward 3 

1 5.4721 5.2547 4.8556 

2 4.6124 5.1926 5.1646 

3 4.6696 5.2436 5.0736 

4 4.5750 4.9669 4.6361 

5 5.0697 4.6640 5.3014 

6 5.0066 5.0270 5.2254 

7 4.9704 5.1248 4.5375 

Average time 4.9108 5.0676 4.9706 

Overall average time 4.9830 

 

On the other hand, Table 3 records the time taken for specimen 

dispatch report. Each user makes take up to 5 minutes to complete 

this task. These significant findings explain the system helps sig-

nificantly to reduce the time taken off 20 minutes against the 

manual process.  

Table 3: Task Completion Time (in minutes) for Specimen Dispatch Re-

port 

User / Ward Ward 1 Ward 2 Ward 3 

1 4.9548 4.7621 4.7794 

2 5.155 5.3441 5.4961 

3 5.1892 4.6144 5.3132 

4 4.8164 5.0828 4.9251 

5 5.4318 4.8148 4.8664 

6 4.907 5.1901 5.2196 

7 4.7039 4.8212 4.753 

Average time 5.0226 4.9471 5.0504 

Overall average time 4.9830 

 

 
Fig.  9: Comparison of Task Completion Time between the existing sys-

tem and the new system 

 
Meanwhile, Figure 9 shows the overall results of comparing the 

task completion time between the existing system and the new 

system. The summary of the findings are as follows: 

 

a. Specimen labelling:  

It is found that time taken to write patient details is reduced from 

45 minutes to almost 5 minutes.  

i. The medical ward is required to enter the patient's IC Number 

only. Name and Date of Birth of the patient will automatically 

be displayed based on the Malaysian Identification (IC) Num-

ber. 

ii. The medical ward staff then can start print the details on a 

sticker label. 

iii. For an average of six specimens per patient per day, medical 

ward staff took about 5 minutes to print the label. The first 

printing consists of 24 sticker labels. 

iv. For an average of patient warded in hospital for three days 

with an average of six specimens taken per day, only 18 stick-

er labels will be used out of 24 sticker labels. 

v. Therefore, the time spent to print sticker labels is only 5 

minutes and the printed sticker labels are sufficient for three 

days. 

b. Specimen Dispatch report:  

It is found that time taken to write and print specimen details in 

specimen delivery report are reduced from 20 minutes to 3.5 

minutes.  

i. With the system developed, the medical ward staff will be 

required to spend about 15 seconds to update one specimen in-

formation using a barcode scanner. 

ii. Another 1 minute is required to update the specimen’s dis-

patch status and print the delivery order. 

iii. For an average of 10 specimens for each delivery: 

iv. Time required for each delivery report = 10 specimens * 15 

seconds + 1 minute = 3.5 minutes. 

Additionally, it is also discovered that in Specimen Labelling, task 

completion time is reduced by 88.9%, and meanwhile, in Speci-

men Dispatch Report, task completion time is decreased by 82.5%. 

Based on the results, it can be concluded that the implementation 

of the Lean systematic method in SPLS for Lean Healthcare Pro-

ject had successfully helped the staff to complete their tasks 

efficiently.  

5. Conclusions 

This case study evaluates the effectiveness of adopting the Lean 

process improvement methodology and the development of SPLS, 

a system to effectively produce labelling for the specimens and 

specimen delivery report in one of the Malaysian general hospitals. 

Agile requirement engineering and Agile development methodol-

ogy are employed in this study to accelerate some development 

which these methods allow short cycles of planning and work to 

ensure adequate performance. Finally,  in testing and experimental 

setup, the results indicated more than 80% reduction of time taken 

to complete the tasks.  

The reduction of time is beneficial to the staffs and the manage-

ment of the hospital wherein the extra time can be spent for other 

tasks. Moreover, it minimises the medication error and error in 

medication delivery and hence, allows the hospital to offer good 

quality healthcare service. Furthermore, system testing result 

shows a significant effect in which it reduces the average time to 

complete the tasks. Eventually, this will improve the overall quali-

ty and efficiency of service industry for public customers. The 

implementation of the Lean systematic method has moved the 

organisation from manual to an automated process using SPLS. 

In the future, other areas of healthcare service such as patient 

physical record and appointment scheduling in the real hospital 

environment will be explored by adopting Lean system method to 

advance the existing (i.e., manual) process for quality improve-

ment. Since the study examined only one component of overall 

Lean metrics, studies on other components are deemed useful. 

Moreover, the findings are worth for further exploration in patient 

and staff satisfaction in handling and receiving quality healthcare 

service. 
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