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Abstract 

Developing high quality software is difficult. Traditional software engineering methods 
emphasizes on structured and linear workflow of activities methods that have been criticized 
due to their rigid and inflexible nature. Recently, agile software engineering approaches such 
as Scrum have gained popularity in the software industry. These methods emphasize 
flexibility, speed, transparency, and teamwork aspects.  
 
In this thesis, investigation and comparison of three modern production practices and 
principles done, these include; Kanban, the 5S workplace organization method and Toyota 
Production System (TPS). The goal has been to identity features of these production 
philosophies and analyzed how they might contribute to software engineering processes, 
particularly to improve Scrum.  
 
The study indicates that many principles from these production approaches have been 
implemented in Scrum. However, the Kanban, 5S and TPS principles of Visibility are just 
partially implemented in Scrum. Scrum overlooks many aspects of programming that need to 
be visualized such as code quality aspects (testing) and representations of the actual software 
structure under development.    
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Chapter 1 - Introduction  

1.1 -  Introduction  

Software engineering plays an important role in the development of modern society. Software 
engineering as a subject deals with requirements elicitation, design, development and testing 
of software artifacts. In the software engineering industry there is a relentless need to find 
suitable and effective process model, tools, and techniques (Pressman, 2009; Khan et al., 
2011).  
 
Traditionally, software companies have employed the Waterfall Method – a linear process for 
the creation of software – modeled as a set of stages like requirements analysis, design, 
implementation, testing validation, integration, and maintenance. The Waterfall model can be 
taken as a baseline for several other lifecycle models. Recently, agile software development 
methods such as Scrum and Extreme Programming (XP) have gained popularity. These 
approaches emphasize flexibility and collaboration with a focus on small self-organizing 
teams (Royce, 1970). 
 
All these approaches to software development have their advantages and disadvantages. For 
example, the Waterfall approach has been criticized to be rigid and not handle new 
requirements well. Moreover, a severe problem with this traditional method is that it does not 
support customer involvement. The agile software development methods were developed into 
handle the above discussed issues. However, Scrum also has some disadvantages. For 
example, Scrum is a small team methodology and difficult to scale and, hence, recommended 
for small co-located teams and smaller projects. Moreover, since many processes are not 
formalized, developers have encountered difficulties particularly related to testing (Takeuchi 
& Nonaka, 1986; Boehm, 1988; Shewhart & Deming, 2011).    
 
In the production industry there are effective production methodologies in use and these 
include Kanban, 5S and TPS (the Toyota Production System). Some of the principles and 
methods have been adopted in the software industry. However, it seems that there are still 
many lessons to learn from the Japanese production methods that can be adopted to increase 
productivity and quality of software production. In this thesis, an attempt has been made to 
identify unused approaches in Kanban, 5S and TPS that can be applied to software 
engineering. Hence, the goal is to go back to the sources and identify approaches and 
principles that can be applied to Scrum (Schwaber & Beedle, 2001; Vlaanderen et al., 2010; 
Pries & Quigley, 2011).     

1.2 -  Thesis goal and objective 

The goal of the thesis is to identify approaches, principles, and features from Kanban, 5S and 
TPS that can be incorporated and applied in Scrum. The specific objective of this research is 
to investigate and compare to Kanban, 5S and TPS with the above goal to identify features of 
these methods that can contribute to and improve the Scrum process.  

1.3 -  Research Question 

•What are the unused core principles, features, and processes in Kanban, 5S and TPS that 
can be applied in the Scrum methodology? 
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1.4 -  Delimitations 

The scope of this thesis research is to investigate Kanban, 5S and TPS from a software 
engineering perspective. The thesis is analytical; hence, we do not investigate adoptability 
and utilization in real software industries empirically. Throughout the research, interviews 
will not be conducted in companies.         
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Chapter 2 - Background  
 
This chapter describes software development models and software development processes 
such as traditional software engineering methods along with more advanced agile approaches.                                                         

2.1 -  Waterfall model 
 
The waterfall model (Royce, 1970) is a sequential project model and process. It is broadly 
used in government and in the private sector. In an IT scenario, the Waterfall model starts 
with developing system and software requirements and continues with architectural design, 
detailed design, coding, testing and maintenance. The Waterfall model is devising 
comprehensive documentation and preplanning to assure quality control in each step. The 
Waterfall model includes many non-overlapping stages, as shows in the Figure 2.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                               (Royce, 1970) 
                                                                        

The Waterfall model provides for a baseline for several other lifecycle models. In software 
engineering there are several steps in the Waterfall model (Mohammad et al., 2010). 

2.1.1 -  System requirements 

The objective is to create a requirements specification and system architecture documents 
which will be employed as an input for the next stage of the model. System requirements 
establish the components for building the system. For example, hardware requirements 
include processing power, memory, secondary storage, display adapter, peripherals devices 
and son on (Mohammad et al., 2010; Wille, 2013).  

2.1.2 -   Software requirements 

Secondly, this process includes specification for the software functionality and this activity 
explores the system requirements that the software shall have. Requirements analysis 
includes specifying requests on interaction required by the users (user interface) as well as 
interaction with other parts of the system (e.g., databases, performance requirements, user 
interface requirements and so forth (Mohammad et al., 2010; Wille, 2013). 

System 
 

Software 
 

Architecture Design 

Detailed Design 

Coding 

Testing 

Maintenance 

Figure 2.1 Waterfall model of the software process 
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2.1.3 -  Architectural design 

This activity establishes the overall software framework and architecture of the entire system. 
The design describes the important system components and the interaction between these 
components. The designer can in this phase also determine the external interfaces and tools 
used in the project (Mohammad et al., 2010; Wille, 2013).  

2.1.4 -  Detailed design 

This phase includes detailed descriptions of the software components. Each unit and module 
is specified individually. All modules are then integrated - using the Architectural design - 
into a complete system that will be built and tested (Mohammad et al., 2010; Wille, 2013).  

2.1.5 -  Coding  

All detailed design specifications are implemented and coded in this phase. That is, the 
software design documents and tasks are used to established well-defined modules, units, and 
communication between them. In this phase it is normal practice to verify the performance 
and functioning of smaller modules (e.g., unit testing) as part of the development process 
(Mohammad et al., 2010; Wille, 2013).   

2.1.6 -  Testing 

In the testing phase developers evaluate the overall system performance of the system. The 
goal is to identify weaknesses and bugs that shall be corrected. This is normally done by 
verifying internal modules/units as well as checking the communication among different 
components. Subsequently, several integration tests are done where the entire system is set 
together and evaluated using stub code and real user tests (Mohammad et al., 2010; Wille, 
2013).   

2.1.7 -  Maintenance 

Maintenance includes addressing problems and ensuring the software performs according to 
criteria set in the requirement specification during production. The software product is 
handed over to the client. The client will then test whether the product fulfills his demands. 
The customer will also check its validation whether desired requirements are working well in 
the initial stage. If something is missing, developers will correct it to make the system 
capable and perform according to the client’s requirement. Thus, whole issues and new 
requirements will be resolved in this last stage of continuous maintenance (Mohammad et al., 
2010; Wille, 2013).     

2.2 -  Iterative and Incremental development model 
 
In the iterative and incremental development models, the project tasks are distributed into 
small parts. This allows for the development team to show results quickly and get valuable 
feedback from users. Each iteration is basically contained in a mini Waterfall process with a 
delivery phase with customer feedback. This approach permits closer collaboration with the 
customer, which ensures better specification of the system as well as better progress. The 
software products, which are created at the end of each series, can go into production rapidly 
as incremental release.  Figure 2.2 shows scenario of iterative and incremental development 
model (Mohammad et al., 2010; Wille, 2013).  
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Phased Releases Demonstrations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             FAT: Factory Acceptance Test 
                                           SAT: Site Acceptance Test 
 
 
 

                                                                                                                         

                                                                                                                  

 (Mohammad et al., 2010;Wille, 2013) 

2.3 -  Scrum  

Scrum is an iterative software development process adopted as world-class companies such 
as Microsoft, Google, Yahoo, IBM, and Nokia. Takeuchi and Nonaka, introduced the term 
‘Scrum’ in an article from 1986, where they defined a new method to product development. 
In this process, they propose how to increase speed, flexibility, and productivity by 
introducing, self-organizing development teams. This way is called the rugby approach. The 
term is commonly seen as originating from rugby where it means “getting an out of play ball 
back into the game” with team players (Sutherland, 2010). 
  
Schwaber introduced Scrum as a software development method in 1995 (Blankenship et al., 
2011). According to Poppendieck is Scrum based on seven values of Lean thinking that is, 
waste elimination, learning, late design decisions, quick delivery, empowerments, build 
integrity, seeing the whole. Scrum has also a background in the Agile Manifesto which was 
written by software practitioners and consultants (Beck, et al., 2001; Poppendieck, 2007; 
Pries & Quigley, 2011; Sutherland & Schwaber, 2011).  
 
 
 
 

                                      Software Development Iterations 

                
                            
                                        
                                                     

2 

3 

4 

5 

1 

 
System Test FAT 

FAT 

 
SAT 

 
SAT 

 

Architecture 

Unit 
Development 

Integration 

 
Software Requirements 

Analysis 

Figure 2.2: Iterative and incremental development model of the software process 
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The four key principles and values are presented in the following: 

• Individual and interactions over processes and tools,  
• Working software over comprehensive documentation, 
• Customer collaboration over contract negotiation, 
• Responding to change over following a plan.  
Scrum splits projects into smaller phases with concrete deliverables called sprints. Preceding 
the sprints are sprint planning meetings, where a set of features to be implemented are 
extracted from a backlog of things to do (e.g., requirements list). The sprint takes usually 2-4 
weeks to complete (Sutherland & Schwaber, 2011).  
 
Every day – within the sprint – is a short meeting called the Daily Scrum held to check 
progress. The meeting is done in 15 minutes. In this meeting should each member of the team 
respond three questions: 
 
• What did you do yesterday? 
• What will you today? 
• What obstacles are in your way? 

 
The sprint is finalized by demonstrating the software to the customer to get feedback and 
further directions for the development. Moreover, a sprint retrospective meeting is held where 
the team discusses improvement to the development process for the net sprint (Sutherland & 
Schwaber, 2011). The sprint retrospective is based on two major questions: 
 
• What performed well-during the sprint? 
• What could be optimized in the next sprint? 

 
During the sprint is the development team extensively using visual aids to outline the 
different phases that software goes through during software development process. These 
boards or cards are known by different name such as scrum boards, cardboards, task boards 
and swim lanes. For examples, sticky notes on the boards are pushed through a set of 
columns to indicate the status of the code and to show who is working on it. The objective is 
that every note/code snippet is placed in the column denoted “done” by the end of the 
iteration. In this way, it is also established that the feature set is implemented and that the 
system can be delivered to the customer (Balley, 2008; Kniberg & Skarin, 2009; Sutherland, 
2010). Figure 2.3 shows the Scrum process.  
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(Schwaber & Beedle, 2001) 

2.3.1 -  Roles  
 
Scrum defines roles in software development; Scrum Master, Product Owner, and the Team 
Member.  
 
The Scrum Master leads the team and project. This individual is responsible for enacting 
Scrum values, rules, scrum practices, eliminating obstacles, and aid teamwork. The Scrum 
master is also responsible for the Scrum processes and its correct implementation. The Scrum 
master main tasks are to remove impediments, resolves conflicts within the team, provide for 
productive Scrum meetings, and remove any politics (Schwaber, 2004; Sutherland & 
Schwaber, 2011). 
 
The Product owner plays as a role Product Manager and is the customers voice. The Product 
Owner is responsible for maximizing values, return on investment (ROI), marketing, 
requirements, goals, internal customer, and prioritization for its implementation. The Product 
owner is also responsible to work with the customer and stakeholders to set up vision of a 
product, requirements and plans releases as well ordering the backlog according to risks, 
values, current market, and competitor context and business strategy (Asproni, 2006; Pries & 
Quigley, 2011; Sutherland & Schwaber, 2011).  
 
The Scrum team is responsible for implementing the assigned tasks and developed strategy 
from the retrospective meeting. Teams should be self-organizing, self-managing, and cross 
functional. Team players are responsible for the objective of the iterations and the overall 
project (Asproni, 2006; Pries & Quigley, 2011; Sutherland & Schwaber, 2011). 
 
 
 
 
 
 
 
 
 

Sprint 

Working 
increment 
of software 

2-4 weeks 
Sprint 

Backlog 
Product 
Backlog 

Daily Scrum 
Meeting 

Figure 2.3: Scrum software development 
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2.3.2 -  Scrum artifacts  
 
Scrum provides three important artifacts; the product backlog, the sprint backlog, and burn-
down charts. The product backlog is an initial assessment of the requirements, and preferably 
related to business goals. The product owner is responsible for the prioritization of the 
backlog and can be a basic spreadsheet. The sprint backlog is describing the work or tasks 
that the team should do during one sprint. It can be seen as a detailed subset of the backlog. 
The sprint backlog is a highly visible to the team and it should aid the team fulfilling the 
sprint. The burn-down chart shows the number of task or hours remaining in the project in 
relation to software completed. The burn-down chart is efficient in visualizing the remaining 
tasks and the progress of the project. Figure 2.3.2 shows an example of a time-based burn-
down chart (Kniberg & Skarin, 2009; Skarin, 2010; Pries & Quigley, 2011; Sutherland & 
Schwaber, 2011). The aim of a burn-down chart is to simply evaluate as early as possible 
progress.  
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Chapter 3 - Production Methods 
 
This chapter describes Kanban, 5S and the Toyota Production System philosophy. Subsequent 
chapters will relate these production methods to software engineering.  

3.1 -  Kanban 

Kanban is a Japanese word that means signboard, or billboard or visual card. In the industry, 
Kanban has become synonymous with demand scheduling. A Kanban board can be seen as 
signals that triggers action. Kanban has its roots in the early days of the Toyota production 
system. In the late 1940s and 1950s, Ohno established Kanbans to control production 
processes and to implement Just in Time (JIT) manufacturing at the Toyota manufacturing 
plants. Kanban theory relates to Lean and Just in Time (JIT) production and it has been in 
practice for more than 50 years at Toyota. Ohno argues with that Kanban is one concept 
through which Just-in Time (JIT) is achieved (Gross & Mclnnis, 2003; Scotland, 2010). 
 
Kanban shall not be taken as an inventory control system because it is a way to know what to 
produce, when to produce, and how to produce a product/service (Gross & Mclnnis, 2003; 
Seikola et al., 2011).  
 
There are different kinds of approaches in the Kanban system, but experts have agreed that 
Kanban is a change management procedure that focuses on the following principles 
(Anderson, 2010; Seikola et al., 2011; Boeg, 2012; Lin et al., 2012).   
 
• Visualize work, 
• Limit work in progress (WIP), 
• Measure and manage flow,  
• Make policies explicit, 
• Implement feedback loops, and 
• Identify improvement opportunities. 

 
According to Anderson (2010), Kanban deals with the capital K is the evolutionary change 
method that utilizes kanban (small k) pull system, visualization, and other tools to catalyze 
the introduction of lean ideas into technology development (Anderson, 2010; Boeg, 2012). 
  
An example of a Kanban chart can be seen in Figure 3.1. WIP limits are defined in each 
column header. Different principles are established explicitly and workflow is clearly 
visualized and predicted. The last column has no allocated WIP (Skarin, 2010; Ikonen et al., 
2011; Boeg, 2012).   
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Anderson suggests six core characteristics of the Kanban method (Anderson, 2010; Boeg, 
2012). 

3.1.1.1 -  Visualize  

Kanban is a way to visualize workflow on a board to focus the teamwork. Without this, 
remembering development activities can be difficult and time consuming. A general approach 
is to set up a table or screen on the wall with cards on it. As we have demonstrated above, the 
columns of the table illustrate the various segments in the workflow (Anderson, 2010; 
Seikola et al., 2011; Boeg, 2012).  
 
 
 

6 3 
3 2 2 2 3

 

Figure 3.1: Kanban principles in action 
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3.1.1.2 -  Limit WIP 

Setting constraints on the amount of work-to-do is important in Kanban since it affects the 
workflow positively. If there are too many tasks to work with, the flow can be hampered due 
to dependencies among different processes (e.g., queuing). Moreover, the workflow is not 
visualized on the boards (that mainly work as a work-to-do chart without flow signaling). 
When selecting the WIP limits, it is important to focus on tasks with the most business value 
for the customer (customer pull system). Little’s law provides a formula for how long time it 
takes for a work item to pass through a system (Scotland, 2010). 
 
Cycle time = WIP / Throughput per unit of time  
 
This calculation helps when a feature is chosen for implementation production. However, in 
Scrum, this is generally described as a velocity. Hence, limiting WIP is reducing the cycle 
time by enhancing flow by decreasing the amount of tasks. Rapid feedback cycles are also 
great procedures to reduce risks since quality difficulties are exposed (Kniberg & Skarin, 
2009; Boeg, 2012). 

3.1.1.3 -  Measure and manage flow 

The Kanban flow, that is, the workflow, in each condition should be measured, monitored and 
reported. Measuring flow determines whether tasks are aligned so that informed decisions 
about deadlines, staffing, dependencies, scope and budget can be made. The measurements 
can be made through cumulative flow diagrams, cycle times, defect rates and blocked items. 
These metrics make project managers accountable and part of the control loop. Figure 3.1.1.3 
(a) shows an example of average time to complete one item which we calls “cycle time” 
(Kniberg & Skarin, 2009; Skarin, 2010; Seikola et al., 2011; Boeg, 2012). 
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                                                                                                         (Kniberg & Skarin, 2009) 
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Figure 3.1.1.3(a): An example of measuring the lead-time 
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The CFD (Cumulative Flow Diagram) are change burn-down progress charts for more an 
effective agile teamwork. The CFD are easy to update and supports better teamwork. The 
CFD diagram clearly demonstrates the present amount of work and task for each phase over 
time. The CFD facilitates teamwork with the similar type of information as the traditional 
burn-down progress chart. Figure 3.1.1.3(b) shows a demonstration of a cumulative flow 
diagram for software development. In Kanban, cumulative flow diagrams are a type of burn-
down chart. The chart is easy to update and present a view of the system status. The vertical 
and horizontal axes show the relationship between WIP and lead-time. The slope of the lines 
area depicts the velocity such as number of variables defined per day. A CFD is efficient in 
optimizing performance and to holding the development pipeline interact. 
Figure 3.1.1.3(b) shows a cumulative flow data progress chart (Kniberg & Skarin, 2009; 
Anderson, 2010; Boeg, 2012; Klipp, 2013; Lewis, 2013).    
   

 
 

                                                                                                                         (Anderson, 2010) 

3.1.1.4 -  Make polices explicit 

Making policies and work procedures explicit is important in Kanban to optimize quality, 
consistency in the target system. It often the case that workers cannot complete tasks because 
the work environment has inconsistent policies and rules. The Kanban boards support 
discussion regarding processes and continuous improvement (Boeg, 2012). 
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3.1.1.5 -  Implement feedback loops 

Fast customer feedback and the pull system are important in Kanban. Feedback from 
different processes helps to eliminate risk and optimize delivery process. Moreover, it creates 
customer value. For example, releasing new product features (versions) directly to production 
line based on pull is the most optimal solution (Boeg, 2012): 

3.1.1.6 -  Identify improvement opportunities 

The Kanban method directs a focus on continuous, incremental and evolutionary changes. To 
maintain a constant cycle of improvement going is difficult but a crucial aspect when 
implementing Kanban. Initiatives to improve cycle time should result in measureable effects. 
The quality circle (Juster, 2012) is an excellent process for continuous improvement. Quality 
circles are groups of workers who meet regularly and discuss task-related problems, improve, 
production methods and quality control. Hence, the quality circles can optimize overall 
business competitiveness. However, to be successful, it requires commitment from the 
management (Boeg, 2012; Netcoach, 2013). 

3.2 -  5S 

5S is a simple and effective Lean thinking methodology that focuses on a visible task 
environment. Hirano founded 5S and Osada introduced it at Toyota in the 1970 (Hirano, 
1995). 5S is considered to increase the environmental performance in production line such as 
housekeeping, health, and safety (Hirano, 1995; Rahman, et al., 2010; Razzak, 2013). 
Moreover, important in 5S is self-ordering, self-improving, and self-explaining (Hirano, 
1995; Mcdonough, 2010). The 5S process is denoted by five Japanese words:   
 
• Seiri (S1) – Sorting 

 
Sorting focuses on reducing unnecessary things from the work area. An effective visual 
process to investigate useless things is called “red tagging”. A red tag is based on all 
things not required to finish the task. Red tags are attached to things that are not needed. 
These red tags are then transferred to a sorting area for evaluation. There, one searches for 
the problems items that increase operation time. Sorting is also an efficient in a way to use 
the task area, free up valuable floor place and reduce items such as broken tools, obsolete 
jigs, scrap, fixtures and extra raw materials (Michalska & Szewieczek, 2007; Hill, 2009; 
Arora, 2013).  
 

• Seiton (S2) – Set in order  
 
Set in order concentrates on effective storage, workplace organization processes and can 
summarized with the old saying, “A place for everything and everything at right place”. 
When one implement S2 then ask the following questions: 
 

• What is required to do this task? 
• Where should this thing be located? 
• How many of each thing is required? 

For example, S2 approaches and tools are holders for equipment, labeling shelves, painting 
floors, outlining task place, locations, making shadow boards, setting up modular shelving 
and cabinets for required things such as trash cans, mops, brooms and buckets (Michalska & 
Szewieczek, 2007; Hill, 2009). 
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• Seiso (S3) – Cleanness or Shine  
 
S3 is about maintaining the workplace and the task environment controlled on a daily 
basis rather than on special occasions. Shine concentrates on cleaning the task place. After 
the first phase reduces clutter and searches for the necessary things, the shine phase 
completely cleans the task place. One of the important advantages of the shine phase is 
that workers use a sense of pride, ownership in a clean and organized task place. Workers 
can rapidly understand problems such as contamination, leaks, vibration, fatigue, 
breakage and misalignment (Michalska & Szewieczek, 2007; Hill, 2009; Arora, 2013). 
 

• Shiketsu (S4) – Standardizing 
 
S4 will be done to increase awareness, roles and responsibilities for controlling the daily 
basis of 3S of the 5S processes.  Standardize focuses on standardizing bet practices in 
each task place. Workers are frequent a valuable source of information for the 
development of these standards. It used standard processes to maintain the task place so it 
is visible, clean and in a constant state of readiness (Michalska & Szewieczek, 2007; Hill, 
2009; Arora, 2013). 
 

• Shitsuke (S5) - Discipline or Sustain 
 
S5 will be used after S4 and manages discipline not to slip into old process.   Sustain 
concentrates on representing a new status quo and new standard for workplace an 
organization. Sustain is vastly regarded as the most difficult “S” to develop. Several 
organizations evaluate themselves with a dirty, cluttered shop only a few months after a 
5S work. The tendency is to return to the old method of doing items. One important 
aspect is to ensure that standard task for supervisor includes checking to ensure that the 
5S discipline is being conducted (Michalska & Szewieczek, 2007; Hill, 2009; Arora, 2013). 

3.3 -  Toyota Production System (TPS) 

TPS was founded by Ohno, Shingo and Toyoda between 1948 and 1975. It establishes a set 
of manufacturing and logistics approaches for the automobile manufacturer, particularly 
collaboration with suppliers and customers. Liker, (2004), describes ‘The Toyota Way’ as “a 
system designed to provide for the tools for people to continually improve their work”. The 
success of Toyota, according to Liker, is based on its capability to cultivate leadership, 
promote teamwork, develop good for supplier relationships, and to maintain a learning 
organization. TPS can be implemented in any organization to improve processes such as sales 
product development, marketing, logistics and management (Liker, 2004). Kilpatrick (2003) 
sees TPS as “a systematic approach to identify and eliminate waste through continuous 
improvement, and flow the product at the pull of the customer in pursuit of perfection” 
(Kilpatrick, 2003; Liker, 2004; Strategos, 2007; Fichtner, 2013).   
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                                                  (Fichtner, 2013) 

 
Womack and Jones (2003) have identified five important components of TPS as can be seen 
in Figure 3.3(a). Let us discuss those five pillars (Womack & Jones, 2003; Anderson, 2011). 

• Identify Value: It defines and investigates value from the customer perspective and 
express value in terms of a specific product. 

• Map the value stream: It maps value added and non-value added steps that bring a product 
of service to the customer. 

• Create flow: The continuous movement of products, services and information from end to 
end level through the process. 

• Establish pull: See that that nothing is completed in the upstream process until the 
downstream customer signals the need. 

• Seek to perfection: The complete reduction of waste and focus on that all activities create 
value for the customer (Womack & Jones, 2003; Fichtner, 2013).  

TPS provides for a set of tools that enable team members to optimize quality by persistently 
improving processes and reducing unnecessary waste. It emphases every factor of Toyota’s 
organization and add a general set of values, knowledge and procedures. For example, it 
assigns employees with well-defined responsibilities in each production stage and supports 
every team member in focusing on improvement. Some, well-known, operational principles 
are Just in Time (JIT), Kaizen, one piece flow, Jidoka and Heijunka (Liker, 2004; Toyota-
forklifts, 2013).    

 

 

 

 

 

1 
Identify 
value 

2 
Map 
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Stream 

3 
Create 
value 

4 
Establish 

Pull 

5 
Seek 

Perfection Lean 
Principles 

 Figure 3.3(a): Lean principles 
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                                               (Liker, 2004) 

 

3.3.1 -  Toyota Production System principles 

There are fourteen key principles of the Toyota Production System. These are visualized in 
the 4P model (see Figure 3.3(b)). 

Principle 1: Long-term Philosophy 

A trait of TPS is its long-term thinking, that is, management decisions should not be focused 
solely on the present but also on long-term goals and financial objectives. It establishes a 
long-term vision and strategy and seeks to align the organization towards a purpose greater 
than “making mode”. It seeks to create value for the customer, society and the economy as a 
whole. Moreover, TPS explores every task in the organization in terms of its ability, 
responsibility and improvement skills that enable to create added value (Liker, 2004). 
 
Principle 2: Create continuous process flow to bring problems into surface 

In TPS it is important to redesign task processes to get added value and continuous flow. The 
organization should generate a flow to move material and information rapidly as well 
connecting processes and people so that issues surface right away. Hence, the idea of flow 
should be evident in the organizational culture. It is a core principle to achieve continuous 
improvement and to develop people. For example, it reduces to Muda (unnecessary), Mura 
(unevenness), and Muri (Liker, 2004). 
 
 
 
 
 

Philosophy 
(Long-term Thinking) 

Process 
(Eliminate Waste) 

People and Partners 
(Respect, Challenge, and Grow Them) 

Problem Solving 
(Continuous 

Improvement and 
Learning) 

• Continual organizational learning through Kaizen 
• Go see for yourself to thoroughly understand the 

situation (Genchi Genbutsu) 
• Make decisions slowly by consensus, thoroughly 

considering all options; implement rapidly 
(Nemawashi) 

• Grow leaders who live the philosophy  
• Respect, develop, and challenge 

people and teams 
• Respect, challenge and help suppliers 

• Create process “flow” to surface problems 
• Use full systems to avoid overproduction 
• Level out the workload (Heijunka) 
• Stop when there is a quality problem (Jidoka) 
• Standardize tasks for continuous improvement 
• Use visual control so no problems are hidden 
• Use only reliable, thoroughly tested 

 

• Base management decisions on a 
long term philosophy, even at the 
expense of short term financial 
goals 

Toyota’s 
terms  

Figure 3.3(b): The 4P model 
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 Principle 3: Use Pull systems to avoid overproduction  

TPS highlights customer needs, hence, a focus on what they want and when they want it. 
Material handling is based on demand, which is the fundamental principle of JIT. It reduces 
work in process and warehousing by just stocking small amounts of each product. Moreover, 
it is based on approachable to the day-to-day changes in customer demand and does not rely 
on computer-based schedules (Liker, 2004). 
 
Principle 4: Level out the workload  

It is important to balance the workload over time to reduce overburden to people, load of 
equipment and unevenness in the production schedule. This adaptive approach is also used to 
level out the workload of the entire production system and service processes as an alternative 
to the traditional stop/start approach of most organizations (Liker, 2004). 
 
Principle 5: Mistake-Proofing 

Mistake proofing is a key to avoid mistakes when developing process, tools and equipment. It 
is also helps - in a visual system - to alert team workers. Jidoka is the origin for “building in” 
quality. It aids the organization to quickly solve issues and provide countermeasures. Mistake 
proofing builds up the culture philosophy to achieve quality improvement and increase 
productivity in the long-term (Liker, 2004). 
 
Principle 6: Standardization 

Stable, repeatable methods everywhere are important in TPS to control and regulate 
processes. Standardization is seen as the foundation for flow and pull. The continuous 
improvement task is to optimize standards and integrate them into new standards. Moreover, 
standards facilitate a starting point for accurate and long-term innovation (Liker, 2004; Liker 
& Meier, 2006). 
  
Principle 7: Use visual control so no problem are hidden 

Visual indicators aid people determining immediately whether they are in a standard task. 
TPS avoids the use of computer screens since it can move the workers focus away from work 
tasks. The visual systems are developed to signify when tasks are completed, and to aid flow 
and pull. Important is to eliminate reports to one piece of paper whenever possible. 
Moreover, well-structured charts should be placed on the walls in the production area to 
support every operational discussion (Liker, 2004; Liker & Meier, 2006).    

Principle 8: Reliable technology 

Technology is seen to support people and not to replace people. It is advised to complete and 
perfect processes manually before adding technology support. New technology is unreliable 
and hard to standardize and this could compromise flow. A proven process takes precedence 
over new and untested technology. Technologies that not fit into the production culture and 
might disrupt stability, reliability and predictability are discarded (Liker, 2004; Liker & 
Meier, 2006).  

 Principle 9: Leadership 

Leadership grows within the organization rather than sourcing leaders outside the 
organization. Leaders must be role models of the organization philosophy and embody its 
way of doing business. A good for leader must understand the daily production work so 
he/she can be the best leader of organization philosophy (Liker, 2004). 
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Principle 10: People and Teamwork 

People and teamwork aspect are important in TPS. TPS seeks a stable culture in which 
organization values and trust are key components. Empowerment and training of exceptional 
individuals and teams is a way to get exceptional output. Toyota has employed cross-
functional teams to improve quality, productivity and increase flow. Teamwork is something 
important that has to be learnt (Liker, 2004). 

Principle 11: Respect Suppliers  

Respecting partners is important in TPS and this covers every partner; suppliers and 
subcontractors. The idea is to aid outside business partners grow and develop. Principle 11 
present values, set challenging targets and help with partners in accomplishing those targets 
(Liker, 2004). 
   
Principle 12: Go and See 

It is important to fully understand the root causes of production problems. Toyota employees 
solve problems by first analyzing first-hand-data by visiting the problem unit. This prevents a 
superficial understanding of the situation. This problem-solving strategy is implemented at all 
levels of the company from high-level managers, executives, to workers at the floor. Hence, 
this means that the top managers shall go and see for themselves actual production problems 
and aid teams to handle the problems (Liker, 2004; Liker & Meier, 2006). 

Principe 13: Decision Making 

In TPS, decisions are based on team consensus, thoroughly considering all options and then 
implement them. First one determines the root cause (go and see). Then one considers a 
broad range of alternatives, develop consensus on a solution and then quickly implementing it 
(Liker, 2004). 

Principle 14: Learning organization 

Learning organization is key principle in TPS. To have a stable learning organization and to 
be learning organization through relentless reflection and continuous improvement practice. 
Learning organization focuses on criticizing every part of process what they do in their tasks. 
Learning process involved in problem solving method to evaluate the root-causes of problems 
and exposed of initial problem perception, clarify the problem, locate point of cause, 
countermeasure, standardize and identify root-cause (5whys) (Liker, 2004). 
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Chapter 4 - Methods  
 
This section describes and motivates the chosen research methods used in this study. The 
main method used in the thesis was Literature Reviews – a qualitative research method.        

4.1 -  Qualitative Research  

Qualitative research deals with the subjective analysis rather than objective measurements. 
Qualitative research (Silverman, 2010) is based on collecting, developing, analyzing, and 
interpreting data that aims with the aim of understanding a phenomenon. Traditionally, 
qualitative research involves data collection methods such as interviews (Kvale, 1996), 
ethnography (Agar, 2006) and surveys (Andres, 2012); data that are analyzed and interpreted 
by the researcher. In this study, a qualitative research method - the Literature Review method 
(Hart, 1998) was employed to collect and analyze data from a set of research articles, papers 
and books. The result is descriptive rather than predictive (Hegde, 1998). A goal was to keep 
different orientations towards the empirical data material. Hence, this thesis focuses on Lean 
production methods and their relationship with software development techniques, with a 
focus on Scrum.  

4.2 -  Literature review 

In this thesis, we applied the Literature review method (Hart, 1998). According to Hart, is a 
literature review a selection of documents on a topic and a subsequent analysis to the 
documents in relation to a research question. A literature review begins with data collection 
and sorting of relevant literature for the problem faced. Secondly, available literature obtained 
from different sources is classified. Thirdly, a comprehensive and in depth analysis of the data 
must be done. The later stage can be iterative to further dwelling down into the material 
(Hart, 1998). 

In this study, the primary data sources were Google Scholar, Scopus, IEEE Xplore, Science 
Direct and the ACM Digital Library. All these resources were accessed through the Linköping 
University Online Library. The initial search with eight keywords (see Figure 4.2) resulted in 
a comprehensive data set of 50 books, articles, journals, and Internet sources. This first data 
set was analyzed elicit features and principles relevant to software engineering practices. 
Each identified feature was examined with relation to Scrum practice. This activity resulted 
in a set of 18 features. Finally, an analysis of Scrum was made to check most appropriate 18 
features that can be implemented in this development method. The Figure 4.2 shows the 
research process of the Literature Study. 

Moreover, we compared to main features of Kanban, 5S and TPS with relation to software 
engineering practices with the goal to better understand the different production methods and 
their relation to software engineering. These results can be found in the Appendix. 
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Figure 4.2: The research process 
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• Continuous improvement. 
• Eliminate waste. 
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• Implement feedback loops. 
• Learning organization.  
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• Make policies explicit. 
• Measure and manage flow. 
• Mistake-proofing. 
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• Set in order. 
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Chapter 5 - Results  
 
The goal of this work was to identity the plus points of traditional Lean production methods 
and philosophies that can be used to improve Scrum output. This section discusses 
relationships between Kanban, 5S, TPS and Scrum. Table 5.3 at the reminder of the section, 
summarizes the identified 18 features and discuss their possible implementation in Scrum. 

5.1 -  Kanban and Scrum 

The Kanban approach is considered an effective tool in the production environment where it 
is used to increase productivity and evening out workload. Basically, traditional Kanban 
techniques are based on the follow principles:  
 
• Visualize the workflow, 
• Limit work in process, and     
• Measure and optimize flow. 

Workflow representation of coding tasks by using Kanban visualization in the software 
industry is already common practice and implemented in Scrum. The traditional Scrum board 
provides a way to represent the status of programming task in a pipeline.  Such Kanban 
boards supports transparency and team involvement in both tasks and processes. In practice, 
the board works basically as a memory tool for the team and is seldom seen as a production 
queue and a way to streamline production.  Moreover, today’s Scrum boards are solely used 
to represent tasks to be built, and there is limited support to visualize the architecture and the 
system under development and this can be seen as a deficiency (Anderson, 2010).  

Moreover, Scrum and Kanban demonstrate similarities in many ways, particularly, in terms of 
pull scheduling and the limiting of WIPs. For example, Scrum implements short and well-
defined aggregated work packages called sprints which are a way of limiting WIPs. Limiting 
WIP in this way focuses the opaque project and makes the important task tangible and hands-
on. This, in turn, results in improved teamwork and improved throughput (Kniberg & Skarin, 
2009; Anderson, 2010; Francino, 2012).  

With measure and optimize flow, Kanban ensures that optimize flow tasks gradually and 
ongoing through the system. In Scrum is the team’s performance measured with a Burn down 
chart where the x-axis refers to work to be done and the y-axis is the timeline. Moreover, the 
Scrum board should support the flow, but as we have stated above, in most software 
development projects the flow is not a focus issues (Kniberg & Skarin, 2009; Anderson, 
2010; Francino, 2012). To summarize, both methods share many similarities but Scrum can 
be seen as a more prescriptive since it also defines roles and meetings, which is not the focus 
of Kanban.  
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5.2 -  5S and Scrum  

The 5S five principles can be applied to software engineering. However, 5S is mainly 
developed into for physical production environments, hence, somewhat difficult to directly 
map to the development of software. Sorting (S1) is concerned with prioritization and 
minimization of the usage of tools and materials. In software development, we can eliminate 
from overheads with respect to handling redundancy, data duplication, by organizing 
scattered information.  

Set in order (S2) is the practice of having things organized and this could be translated to that 
programmers comment code regularly, uninstall redundant software and unused libraries. 
This could also be translated to practices such as developing scripts that make of certain tasks 
more effective (flow), for example the use of shortcuts and labeling. Moreover, visual 
controls, well-organized databases and storage facilities and strong guidelines, could also be 
included in this category (Hegde, 2011; Analytics, 2013). Shining (S3) deals with the 
workplace organization and social stress factor. This can be translated to having the good for 
order of the software artifacts, code, classes, database tables, foreign keys, and testing scripts. 
Hence, shining is quite similar to S2. Standardization (S4) is focused on standardizing work 
practices, measuring work and optimizing work. For example, the use of standardized design 
patterns, common ways to ensure good for team communication building a workplace 
culture, could be included in S4. The last principle, Sustaining (S5) and self-discipline are 
adherence to rules and being committed to the project. Empowering programming teams and 
its members could improve S5. Having progress boards that show performance could also 
prove useful.  In this way, team members will focus on daily basis of software developments 
tasks and maintain consistency to spirit in optimizing activities (Hegde, 2011; Analytics, 
2013; Terreno, 2013). 

5.3 -   TPS/Lean and Scrum  

The Toyota Production System principles can be used in software development. For example, 
continuous improvement is important in TPS. Scrum employs this principle partially in the 
short sprint and iterative approach. However, the idea of continuous improvement in every 
aspect cannot be said to be part of the Scrum methodology. The TPS principle to eliminate 
waste can in software development be seen as work or software objects that do nothing to the 
final product such as unnecessary meetings, features and unnecessary code. Moreover, 
detecting and fixing unfinished code can also be seen as wasteful efforts during software 
development. Scrum implements a learning organization in its small team methodology that 
naturally foster learning and sharing of knowledge. Informal knowledge sharing enables small 
teams to establish long-term learning and natural training in all aspects of code development 
(Raman, 1998; Poppendieck, 2007). 

A trait of TPS is its long-term thinking, that is, management decisions should not be focused 
solely on the present but also on long-term goals and financial objectives. Scrum focuses on 
users business objectives, but to a lesser degree on the next project and long-term customer 
relationships. Mistake-proving is important in TPS. Mistake-proving practices of Scrum can 
be seen in the close collaboration with the customer with the goal to develop the “right 
system” with a clear business objective. Moreover, regular unit testing of Scrum can also be 
seen as part of such a principle as well as the ordinary sprints and demos that facilitate end-
user feedback. Lastly, the pair-programming practice is a way to heighten learning and also 
reduce mistakes in the development of the actual code (Widman et al., 2010; Architect, 2012; 
Subramanya, 2012). Regarding the people and teamwork aspects of TPS, it is clear that this is 
also a core of Scrum. The small team methodology fosters communication and empowered 
decision making as we have discussed above (Architect, 2012; Subramanya, 2012). 
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Table 5.1: A comparison of key features of Kanban, 5S, TPS and their relationship with Scrum 

Development 
method Features  Scrum 

implementation 

Can be 
improved in 
Scrum 

Comment 

Kanban  

Visualize work Partially implemented Yes 
• New scrum boards can be developed to visualize other 
aspects of software development 

Limit work in progress (WIP) Implemented Possibly • Short development cycles (sprints) 
• Task decomposition on Scrum-board 

Measure and manage flow Implemented  Yes • CFD burndown charts (velocity) 
• Can be improved 

Make policies explicit Partially implemented Yes 

• Close teamwork in Scrum improves this aspect, however, 
there are few activities that support this   
• Can be improved by visualizing policies on Scrum-board 
 

Implement feedback loops Partially implemented Yes 
• Feedback loops implemented by means of informal 
communication in the small Scrum team 
• Scrum board functions as a turn-taking and feedback board 

Identify improvement 
opportunities Partially implemented  Yes 

• Can be improved in Scrum 
• Implementation of an  “improvement opportunity task” on the 
Scrum-board 

  

5S 

Sorting Implemented Yes 
• Can be done in Scrum at the sprint start when the team 
prioritize tasks and set up a sprint goal 

Shinning or Cleanness Implemented No possibly 
• Code refactoring 
 

Set in order Partially implemented 
 Yes 

• Implemented partially in the Scrum-board 
• Having the software development environment in good order, 
databases etc. 

Standardizing Not implemented Yes 

• Difficult in Scrum since tasks are not the same 
• Standard tools and languages can be utilized 
• Standard Scrum rooms with a fixed set of boards etc. is 
possible to develop 

Sustain or discipline Not implemented Yes • Difficult in Scrum as in all improvement work 
• Working towards a professional development practice 

TPS 

Continuous improvement Partially Implemented Yes 
• Sprints and iterations of Scrum support this as well as its 
strong customer focus 

Eliminate waste Partially implemented  Yes  • Can be done in Scrum, refactoring code and rework defects 

Learning organization Partially implemented  Yes • Learning progress through strong group orientation 
• Informal learning by doing and teaching each other 

Long-term philosophy Partially implemented Yes  

• Scrum supports long-term learning 
• Scrum focuses on users business objective and to a lesser 
degree on the next project and long-term customer 
relationships 

Mistake-proofing Implemented Yes 

• Mistake-proving practices of Scrum can be seen in the close 
collaboration with the customer with the goal to develop into the 
“right system” 
• Group work support this aspect 

People and teamwork Implemented  Possibly • Core of Scrum; it creates concrete employee support and a 
stable work culture in the team (trust) 

Visual management Partially implemented Yes 
• Implemented in the Scrum-board. 
• New scrum boards can be developed to visualize other 
features of software development such as code architecture 
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Chapter 6 - Discussion  
 
The objective of this work was to investigate Kanban, 5S and TPS with the goal to identify 
features of these production methods that can improve software engineering practices.  

There are several advantages of Kanban, 5S and TPS methods that can contribute to software 
engineering. The main idea of the traditional Kanban method is to support monitoring and 
optimization of processes by visualizing the workflow. Kanban boards can visualize software 
development processes and aid developers to focus on concrete programming task. That is, 
by clarifying difficult software engineering processes and dependencies in the group. The 
Kanban boards can be seen as a supporting and effective feedback mechanism among team 
members. Many of the principles of modern Kanban for software development have been 
implemented in Scrum such as making policies explicit and cross-functional teams that shall 
strive for continuous improvement (Atreya, 2013; Burrows, 2013; Fichtner, 2013; Rallydev, 
2013).  
 
The focus of 5S is a workplace organization method used to improve safety and productivity. 
5S provides a set of physical tools and ideas for continuous improvement that can be utilized 
also in software development. The 5S principles could foster better programming practices if 
adopted. Moreover, 5S principles help to identify bottlenecks and maintain a well-organized 
software development culture (Rosas et al., 2010; Charlton, 2009; Jonathan, 2013).  The TPS 
methods focus on continuous improvement and reducing waste. Lean software development 
guided by TPS would focus on building quality in early in the software development process. 
Hence, TPS development would focus on having runnable systems early as well as having 
continuous testing throughout. Moreover, the TPS philosophy indicates involvement of the 
management in the development process, which is an interesting idea also in software 
engineering (scrum master). Focusing on actual problem solving, collaboration, 
standardization of tasks solutions, and quality control seems also to be applicable in software 
engineering. Scrum values and methods are clearly influenced by TPS such as the focus on 
customer value, reduction of development times, lower-maintenance costs, and improved 
workflow (Grooms, 2007).    

There are a few disadvantages of Kanban, 5S and TPS when applied to software engineering. 
The Kanban approach was developed for sequential production processes while software 
development is not. Moreover, Kanban has been criticized to be less effective in shared-
resource situations and when requirements change frequently. Hence, it seems to be rigid and 
could introduce problems in the development phase if it is not adapted properly info the 
software development practice (Mleczkowska, 2013; Shoo, 2013). Moreover, TPS has been 
criticized to decrease human social interaction, which can lead to depression among 
employees (Lads, 2007; Alvord, 2010; Brodzinski, 2013; Joseph, 2013; Toyotaprojectteam, 
2013).  

To summarize, after having compared the different Japanese production approaches, it is 
clear that many ideas have already been employed in Scrum. Making immaterial processes 
visible is at core in these production philosophes (c.f., principle 7 in TPS). However, Scrum 
has only applied this principle partially to visualize the progress of code generation, not to 
include the actual architecture of the code. It is clear that new ways to visualize code and 
code architectures are needed in Scrum. Moreover, quality aspects such as test coverage are 
seldom visualized in Scrum  
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In this thesis, qualitative research and a literature review method was employed. A common 
problem with literature reviews is incomplete and misrepresentative data sets. In this study, 
we demarcated our search using keywords related to the area of research collected the data 
set. This is somewhat complicated since it is difficult to find the appropriate search terms to 
be able to find relevant articles. The result in our case was a large data set that was narrowed 
down using criteria of relevance to the research topic. The search was done in Google 
Scholar, Scopus, IEEE Xplore, Science Direct and the ACM Digital Library using keywords 
specified in the methods section. The final result was a data set of 50 books, articles, and 
journals.  This data set is probably somewhat misrepresentative and does not cover all studies 
done in the area. For example, our study did not focus on management practices like software 
project management, cost management, and human resource management. An additional 
weakness of master thesis studies of this type is that a single subjective investigator that may 
be biased conducts them. 
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Chapter 7 - Conclusion  
 
In this thesis, we investigated traditional Kanban, 5S and TPS production methods from a 
software engineering perspective. The goal was to identify unused features of these 
production philosophies that can be employed to agile software development. Kanban 
promotes making things visible to the development team. However, Scrum boards are very 
limited in this regard. For example, a core problem with the Scrum methodology is that the 
boards do not visualize and represent the actual software structure under development. 
Current visualization is focused solely on production progress solely which is visualized on 
the Scrum boards. A further problem is that the Scrum boards do not present code/test 
coverage that is important quality aspects of software. We suggest that studies should be done 
on new visualization approaches for Scrum that include test/code overage and code 
representation.  
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Appendix A  
 
Agile – Agile methods are iterative and incremental software development methods. The 
development is implementing in self-organized and cross-functional environment. These 
methods are defined on the Agile Manifesto.  
 
Andon – It means “call for help”. 
 
Backlog – It is collection of stories and tasks. The Sprint team works on at some point in the 
future perspective.  
 
Bottleneck – It is based on any resource or process and capacity is less than to the demand 
for location on it. It includes the flow of work through the process.  
 
Burn-down chart – It shows the total task hours remaining per day. The x-axis shows days 
in the sprint and y-axis shows effort remaining hours.   
 
Burn-up chart – It shows the amount of stories or process done and points plotted on x and y 
when mapping an upward tasks until getting 100%.  
 
Feature – It is function or attribute of a software product and features can be functional or 
non-functional. Features provide for the origin for developing stories.  
 
Flow – It is continuous delivery of value to customers, e.g., big-batch, big-release etc.  
 
Genchi Genbutsu – It means of “go see your-self”. It works of engineering in product 
design. 
 
Hansei – It means “reflection”. 
 
Heijunka – It means “Leveling”.    
 
Iteration – It is period from 1 week to 2 month in duration and agile development team 
creates an increment of completed software.   
 
Jidoka – It means “Autonomation”. 
 
Just in Time – It is based on planning and scheduling system for a production process that is 
small or no manufacturing items inventory on hand at the production place.  
 
Kaizen – Kaizen is the approach to continuous improvement for products or services and the 
work area to eliminate waste and increase performance.   
 
Kanban – kanban with a small k denotes the signal card employed as in the Kanban 
methodology. 
 
Kanban – Kanban with a capital K denotes the Kanban methodology that contained three 
main features; visualization workflow, limit WIP and measure workflow.  
 
Kanban board – Kanban board is the signboard/whiteboard that the team practices to 
visualize their task process.  
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Kick start – It starts Kanban implementation process, visualize task process, task items, 
develop policies, and employing as the teamwork Kanban board.   
 
Lead-time – It estimates task item period to pass through the workflow.   
 
Lean – Lean software development is the transitioning of Lean principles, TPS, and Lean 
production into software development environment. A lean activity eliminates waste in 
manufacturing and management practices.  
 
Muda – It means non-value added which is called waste. 
 
Mura – Unevenness. 
 
Muri – Overburden.  
 
Product owner – The product owner is the basic project representative who reflects the 
project stakeholders, e.g., voice of the customer and the voice of the project to the sprint 
team.   
 
Poka Yoka – It means “Error proofing”. 
 
Red tag – A document employ as in 5S and red-colored paper recognized wastes items or 
items for replacing in a work area until action performed successfully.   
 
Refactoring – It performs to change existing software code for improvement the overall 
design code.  
 
Retrospective – These are opportunities when the team examines its processes and identifies 
the teamwork actions items.  
 
Scrum – Scrum is flavor of an agile systems development method that include a set of roles 
(product owner, scrum master, scrum team), ceremonies (daily standup meeting, sprint 
planning meeting, sprint review, retrospective) and artifacts (burn down charts, product 
backlog, sprint backlog).   
 
Scrum master – The Scrum master is responsible for controlling the Scrum process and the 
overall development of the teamwork. The Scrum master enables the teamwork with 
functional and productive.   
 
Scrum team – The Scrum team is based on cross-functional group and responsible for 
releasing the software products.  
 
Sprint – It is consist of a time-boxed effort. The sprint begins with a sprint planning meeting 
and ends with a spring review.  
 
Spring backlog – It is based on features, user stories, and tasks. It pulls from the product 
backlog for consideration for done during the upcoming sprint.   
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Standup meeting – The standup meeting is established on a regular basis and provide for a 
status update to the teamwork. The meetings are generally based on time-boxed to 5 to 15 
minutes and purpose to remind team members to keep on the meeting short and to the point.   
 
Story – A story is requirement, feature, and unit of business value that can be assessed and 
practiced, e.g., communication, planning, solutions etc.     
 
Task-board – The task-board represents “to do”, “in progress”, and “completed” columns for 
developing a teamwork environment, e.g., sticky notes affixed to a wall.  
 
Time-box – A time-box is time duration of fixed length assigned tasks to accomplish goal, 
e.g., iterations, sprints, etc.    
 
Takt time – one set of process time. 
 
Value stream mapping – A method employed as to observe and optimize the lead time. It 
uses in various environments of Lean production process to investigate occasions for 
improvement. 
 
Velocity – Velocity calculates teamwork in iteration and measures in story points, e.g., 
measures task hours.                     
 
Waste – Waste contains everything in during the development of task process and has no 
worth to the customer.   
 
WIP – It denotes work in progress and the number of task items that contains teamwork 
workflow. 
 
Workflow – The workflow shows flowing or streaming of the task in the work process. The 
flow cannot be interrupt.    
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Appendix B: Kanban principles applied to software engineering  
 

 
Kanban Principles 

 
Kanban in software engineering 

Visualize work 

 
• It visualizes work as “current policies, task types, etc. “. 
• It visualizes workflow as “process, working procedure, value stream, 

next task, completed task”. 
• It builds up card blocks and capacities. 
• It shows about project metrics such as lead time, cycle time, etc. 
• It formulates risk dimensions such as cost of delay, technical risk 

and market risk, etc. 
 

Limit work in progress (WIP) 

 
• There is no WIP limit, but intent to doing task over beginning new 

task if teams feel better way to reach new WIP. 
• WIP works in workflow with infinite limits on “queues”, “completed” 

etc. 
• Explicit WIP limit at workflow level at “single workflow pull” and 

multiple workflows with pull system. 
 

Measure and manage flow 

 
• It manages “daily planning meetings as defined by policies”. 
• It focuses on “dynamic prioritization”. 
• It shows “CFD” graphs to progress at least once a week. 
• It also shows “control charts” to progress at least once a week. 
• It shows size of ongoing task things and big task is broken down. 
• It manages to flexible staff all of actions. 
• Cadence is assessed in terms of planning, delivery, and respective.  
• It shows flow metrics as number of days delayed and lead time 

performance. 
• It establishes “capacity allocations”. 

 

Make policies explicit 

 
• It defines of task types and task attributes, e.g. templates. 
• How, when, and who manages the “next task and completed task 

queues”.  
• It defines work assignment and individual staff allocation. 
• It specifies limit size task attributes such breakdown, target 

specification, selection and paperwork for the next task queue. 
• It creates “class of service”. 

 

Implement feedback loops 

 
• It performs “daily team standups meetings. 
• It accomplishes “Implement feedback loops” from key stakeholders, 

namely, management, customers, groups, as a daily basis updating 
reports and present condition.    

• It establishes regular discussions with upstream and downstream 
workers. 

• Regular presentations and discussion is about financial efficiency 
and quality estimated in terms of defects rates, customer 
satisfaction etc.   
 

Identify improvement opportunities 

 
• It focuses on “continuous improvement” and regular retrospective.  
• The development team knows all of target challenges. 
• The development team learned from current and previous projects 

opportunities.   
 

 
Kanban principles applied in Software Engineering (Ikonen et al., 2010; Achouiantz, 2013) 
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Appendix C: 5S principles applied to software engineering 
 
5S Principles 5S in Software Engineering  

Sorting 

 

• It focuses on commented codes. 
• It can reduce refactoring codes. 
• Stuff on the team workstation and servers, such as old 

versions, files, reports, backup, unnecessary stuff delete, etc. 
• Eliminate the size of the code base. It can reduce all 

unnecessary attributes right now, such as dead code, 
unnecessary imports, unnecessary variables, unnecessary 
methods and classes. 

• Refactoring code to remove redundant code.   
 

Set in order 

 

• It can work in visual controls environment, such as written 
information on workplace board.  

• It can manage desktop layouts and file structures in order 
shape. 

• It provides with easy to find every item due to set in order 
information on desktop and directory folder. 

• It manages the tasks and packages in a right place when 
everything in its workplace. 

• It solves packages dependency cycles. 
• It eliminates all of dependencies. 

    

Shine 

 

• It can eliminate and clean unused codes completed systems, 
features, parts, and components. 

•  It can clean up unused database tables, foreign keys, 
codes, and testing scripts etc. 

• It can clean whiteboards after important graphs of the 
designs and sketches. 

• It can clean unnecessary desk spaces, unnecessary 
operating system items, unnecessary junk e-mails, and sort-
out emails and so forth. 

• It can optimize unit test performance, unit test coverage, and 
all test performance. 

 

Standardizing 

 

• It can make of standardize work such as practices, 
measuring work, and optimizing work. 

•  It can perform of development processes, practices, flexible 
projects, and remove problems during the implementation of 
projects. 

• It can make of standardize backup data on regular basis. 
• It can improve and standardize in clean state information and 

eliminate from complexity over time to optimize of 
maintenance.  

 

Sustaining the discipline 

 

• It should be maintain all of above standard procedures so 
that sustaining the discipline. 

• It can improve all of control, monitoring processes; measure 
process results, continuous improvement, and performance 
sustain the discipline in software engineering (Scrum). 

 

 
5S principles applied to software engineering (Hegde, 2011; Analytics, 2013) 
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Appendix D: TPS principles applied to software engineering 
 
 

TPS principles 
 

 

TPS in Software Engineering 
 

Eliminate waste  

 

• It eliminates waste in “unused codes”. 
• It eliminates waste in “unused functionalities”. 
• More work start-ups and done. 
• It eliminates waste in “delay in the software development process”. 
• It eliminates waste in “bureaucracy”. 
• It eliminates waste in “unclear changing demands”. 
• It eliminates waste in “ineffective communication”. 
• It eliminates waste in “partially completed task”. 
• It eliminates waste in “bugs and quality problems”. 
• It eliminates waste in “task switching”.  
 

Build Quality in 

 

• It builds quality in “pair programming”. 
• It builds quality in “Test driven development”. 
• It reduces delay between development phases. 
• It builds frequent integration and minimizes errors. 
• It controls all trade-offs in developments. 
• It builds quality in agile development through “Automation”. 

 

Create Knowledge 

 

• It creates knowledge of “pair programing”. 
• It creates knowledge of “code reviews”. 
• It creates knowledge of “documentation”. 
• It creates knowledge through “commented codes”. 
• It creates knowledge of sharing sessions. 
• It creates knowledge through “training”.  
• It creates knowledge through tools and user stories. 

 

Defer Commitment 

 

• It controls all “defer decisions”. 
• It controls all “bad ideas”. 
• It controls “uncertain or unclear commitment”. 
• It specifies if “changes require in system, technologies, people etc.” 

 

Deliver fast 

 

• It delivers fast to market as a “competitive advantage”. 
• Fast delivery has “the right people”. 
• Fast speed to “keep on it simple”. 
• Fast speed to “work as teamwork”. 
• It delivers speed to “eliminate waste”. 
• It fast delivery to “build quality in development projects”. 

 

Respect People 

 

• It respects all of employees namely; CEO, developer, project 
manager, cleaner and even everyone equally treat. 

 

   

Optimize the Whole 

 

• It optimizes developer’s voice. 
• It optimizes results. 
• It optimizes testing process. 
• It optimizes feedback to developers and quality improvements.  
• It optimizes better commitment, quality and innovation. 
 

 
TPS principle applied to software engineering (Poppendieck, 2007; Hibbs et al., 2009; Waters, 2010) 
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Appendix E: The seven types of wastes TPS/Lean software development 
 

 
The seven type of wastes TPS/Lean  

 
 
Partially done work (e.g., remove unnecessary coded documentation, unsynchronized code, untested code, hides quality issues, unneeded deployment code, undocumented 
code, write less code, and generate nothing but only vale). 
 
 
Extra Features (e.g., unnecessary iterations, unneeded extra tasks features, unnecessary extra time, unused reusable services, waste resources and slow down response time 
etc.).  
 
 
Relearning (e.g., If stopped design documentation, consuming time to revisited design documentation, relearning again to waste time, rework problems to achieve objective etc.). 
 
 
Handoffs (e.g., eliminate from the number of handoffs, development teams may be starting, stopping, turning, going down in software development environment, communication 
waste, prototypes waste, simulation waste, and feedback waste etc.). 
 
 
Task switching (e. g., waste task switching time, waste in product lifecycle, did not meet the release on time, reduce interruptions, and problem in upgrade version etc.). 
 
 
Delays (e. g., delays in beginning project, extra documentation, delays in software development, delays increased extra time, delays increased extra cost, and reduce profit etc.). 
 
 
Defects (e.g., many defects in the codes, longer time defects codes, and software installation defects etc.). 
 

 
The seven types of wastes TPS/Lean software development (Poppendieck, 2007; Architect, 2012; 

Subramanya, 2012) 
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