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ABSTRACT 
 

 

 

Software process improvement is an important activity which starts when an 

organization plans to enhance/purify the capabilities of its ongoing processes. When 

improvement or change is planned or started, there are a number of factors which 

originate and affect the effectiveness of software process improvement. If they are 

not identified and dealt with proper expertise, they can leave adverse effects in the 

form of low effectiveness, high cost, low quality etc. Such factors change the 

intensity or the expected results of software process improvement. It is very 

important to understand and highlight these factors in order to make the process 

improvement effective and efficient in an organization during change. This master 

thesis is written to answer the research questions which elaborate the understanding 

of software process improvement and factors affecting the software process 

improvement during change in an organization. Moreover, a systematic review is 

also performed in identifying and prioritizing the factors which affect the software 

process improvement activity in change. The outcomes of this research can be 

helpful in understanding the factors affecting SPI during change. 

  
Keywords: Software process improvement, Systematic review, Return on 

investment.  
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Chapter 1: Background 
  
1.1 Background and Motivation 
Process Improvement is widely used in manufacturing and in software industry 

currently. This activity starts when the deficiencies are identified in the current 

processes and finish when a certain satisfactory or defined level is attained [1], [5]. It 

is being used in order to improve the quality, productivity and organizational on 

going processes [1], [9]. Currently, most of the organizations have quantifiable or 

limited resources available every where in the world. It is very important to improve 

the quality of the product with the passage of time in order to exist in the market [1]. 

Improvements in the technology also require improved quality product [1]. Good 

quality product means better chances of making profit. If we talk about software 

industry for a while we find that, guidelines of conducting successful SPI are scarce 

too [9]. SPI is a difficult activity to initiate because of its complex and changing 

nature of processes. It is [4] intensive and time consuming activity which consumes a 

lot of time and efforts of the responsible team. The effectiveness from SPI shows the 

success or failure of this activity. No matter, what the size of the organization is but 

we need to take care of many other activities and factors which are directly or 

indirectly dependent on SPI. Organizations with fewer resources need better process 

improvement and profitability measures [3]. All activities must be run in a structured 

and systematic way so that other on going activities must not get disturbed. Once 

process improvement is initiated properly, it shows positive aspects in the end results 

in the shape of improved processes and better profit margin. Organizational structure, 

road maps, assessed methods and a good plan lead towards successful results of 

process improvement [2]. Customer satisfaction, continuous improvement and less 

staff turnover show the strong business profitability aspects of an organization [6]. 

One major characteristic of process improvement is to emphasize the continuous 

improvement of products as well as of organizational processes in terms of 

performance, stability, compatibility [7]. By doing so, a good quality can be achieved, 

products can be developed in low cost and high productivity can be shown [7]. After 

the application of process improvement the organization feels the competitiveness, 

increase in performance, profitability and innovations in the processes which show 

the benefits taken from the successful processes. Process improvement focuses 

towards the development of the practices, improved quality of the products, 

reliability, productivity, customer and employee satisfaction. The change occurs in 

the shape of good staff, improved technical system, organized structure and better 

management practices [10].  

 

Software process improvement [18], [19] always facilitates to identify and apply the 

changes to current processes so that the new processes can be help in producing the 

high quality product. With the advancement in the software requirements and 

technology, we intend to make a change to meet the demands of the user and 

technology. This change leads towards highly competitive market because there is 

always some higher organization ready for competition [19]. Hence, improvement 

leads towards continuous change. Software process improvement [20] is an effective 

way to improve product quality, meet market needs, reliability and return on 

investment. Managers also facilitate those activities which can also be helpful in 

successful and effective change [20]. 
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Systematic review targets a specific area so that the available research can be 

identified and evaluated. Systematic review explains and depicts maximum possible 

research which is available in that specific area. We perform unbiased evaluation of 

our research so that a trust able research can be performed by using auditable 

methodology [35].  A biased review always leads us towards the wrong results and 

our research may generate negative results. If review follows the standard procedures 

then it is fine otherwise, it will be biased with the will of executor who is executing 

the systematic review [36]. A good systematic review provides the fair and unbiased 

evaluation of the study under observation and enables us to recommend some 

findings with the help of studying various studies and literature [36]. One must not 

include his/her own personal liking or disliking of research papers or literature. 

When we are performing research under systematic review we always follow a 

defined, documented and strict procedures based on the defined protocols. All steps 

are performed according to the defined procedures so that the similarity in 

conducting the systematic review can be managed and meaning and usefulness of 

systematic review can be maintained. All the available study is collected before we 

start the systematic review and actual and required information is retrieved. The 

literature is collected from all the sources; it is studied, evaluated and then compared 

to other studies so that some useful results can be generated.  
 

This thesis is focused in order to identify the factors affecting software process 

improvement. The main motivation is to identify the factors which can help the 

organization in achieving better profit and performance so that organization can lead 

towards better stability than previous state. Such change factors must be handled 

properly to make the process improvement more successful and beneficial. A light 

weight systematic review is also conducted in order to prioritize the identified 

factors. The key process areas must be managed properly so that the deficiencies can 

be removed and probability of improvement can be increased [8]. Moreover, key 

factors must be given continuous improvement and attention for effective growth. An 

effective systematic review will be performed in order to reach our target. Hence, 

some important factors will be identified and prioritized in this thesis.  
 

1.2 Aims and objectives  
The study in this thesis is explorative in nature and aims at identifying factors 

affecting software process improvement. A systematic review will also be performed 

in the later chapter to make the theoretical studies stronger and compact. Systematic 

review will find different studies in the concerned area to identify and evaluate the 

factors affecting process improvement regarding change. For this purpose the 

following objectives will be achieved. 

 A detailed understanding of software process improvement. 

 Better understanding of change in an organization.   

 Importance of change in process improvement activities. 

 Understanding how change can be beneficial and effective during software 

process improvement. 

 Identification of factors involved during organizational change in Software 

Process Improvement. 

 Understanding of systematic review. 

 Conducting a systematic review to identify and prioritize the factors affecting 

software process improvement change.  
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1.3 Research questions 

Following research questions will be addressed. 

 What is software process improvement and how it is initiated and executed? 

 What is meant by change and how it can be introduced and managed in an 

organization? 

 What is a systematic review and how it can be performed? 

 How systematic review can be helpful in identifying the factors affecting SPI 

change? 

 What can be achieved through a systematic review in identifying factors? 
 

1.4 Expected outcomes 
Outcome of this research will be better understanding of software process 

improvement and factors affecting SPI during change. Moreover, some prioritization 

of factors affecting SPI will be done in the end of systematic review.  

 Understanding the effective application of software process improvement. 

 Understanding organizational change and factors affecting software process 

improvement during change. 

 A successful execution of systematic review. Thorough searching and selecting 

appropriate study we can have outcomes which shall make the results effective in 

the form of identified and prioritized important factors.  
 

1.5 Research methodology  
A detailed and comprehensive study of research articles, books and web references 

will be carried out to collect the information regarding factors affecting software 

process improvement during change. The strong interpretation through literature 

shall support the systematic review which will be conducted in the thesis. The review 

will help us in collecting appropriate studies to bring out beneficial results. 

Qualitative approach is suitable because: 

1. It is suitable to evaluate and analyze qualitative data. 

2. It is difficult to get, collect and analyze quantitative business data from different 

organizations due to the confidentiality issues. 
 

1.6 Audience 
The targeted audience are those who belong to the field of computer science and 

software engineering. They must have some ideas related to process improvement 

and organizational change. But if they don‟t have previous knowledge related to this 

domain they can make their foundation stronger by reading chapter 2, 3 and 4 which 

are related to software process improvement and organizational change. Chapter 5 

gives a good execution and understanding of a systematic review.  
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Research Flow 
 

 
 

1.7 Overview of Chapters 
Chapter 1 provides the background of the thesis. Chapter 2 describes the software 

process improvement. Chapter 3 puts the light on organizational change. Chapter 4 is 

based on process improvement and process innovation. Chapter 5 shows the 

successful conduction of a light weight systematic review. Chapter 6 in the last 

chapter and contains the conclusion, contribution and future work.   
 

Chapter 1 

Chapter 1 is the introduction of the master thesis, background, aims and objectives, 

research questions, research outcomes and research methodology. This chapter 

serves as the foundation of the whole thesis. 

 

Chapter 2  

This chapter explains thoroughly that what aspects and steps must be considered 

during the successful and effective application of software process improvement. All 

the procedures have been discussed in detail so that comprehensive and compact 

information can be delivered to the reader.  

 

 

Initial Study 
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Software Process 

Improvement 

 

Chapter 3 

Process Change 

 

Chapter 4 

Process Innovation 

 

Chapter 5 

Performing 
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Review 
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Epilogue 
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Chapter 3 

This chapter depicts the change and factors affecting process improvement and 

change activities. How these factors occur and what can be done to keep the process 

improvement effective for organization? Moreover, what are the elements of change 

and how it can be managed to avoid the disturbance in organizational environment?  

 

Chapter 4 

This chapter explains some important concepts and study related to process 

improvement, process innovation, success factors and role of generic factors in 

process innovation. This chapter along with the other chapters provides the 

foundation to understand the systematic review more thoroughly and in a better way. 

 

Chapter 5 

This chapter shows the successful conduction of a systematic review identifying and 

prioritizing the factors affecting the effectiveness of process improvement change. A 

detailed study of literature is performed so that effective and productive results can 

be shown and some useful conclusions can be drawn.     

 

Chapter 6 

This chapter contains the conclusion, contribution, future work and references of the 

literature used in this thesis. This chapter serves as the final milestone of the thesis. It 

contains the findings and conclusion based on all the work done in previous chapters 

and successful systematic review.  
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Chapter 2: Software Process Improvement 
  
Software process improvement starts when organization starts thinking about the 

change in working environment so that performance and profit can be increased. The 

performance is identified by the results achieved in SPI activities and the difference 

from the expected result is considered as the capability of SPI or Increase in the 

process improvement capabilities decrease the difference in expected and actual 

results [1], [3], [5].  The strengths and weaknesses of an organization are identified in 

the beginning level so that the actual state can be known. The [3] organizations with 

fewer resources needs better process improvement as mostly softwares are developed 

and supported by the small or medium size organizations. Software Process 

Improvement [4] is intensive and time consuming activity which consumes a lot of 

time. Some times organizational barriers put hurdles in running the process 

improvement activities i.e. cultural, norms, practices, finances, political pressures 

etc.  But these improvements add the values to the organization and for better quality 

software product [3], [5]. The improvements can not only be seen in processes but also 

in the final product. Hence, a medium size organization can dream to become a large 

organization in future by making name, having more profit and high quality 

products.  

 
 

 
 

Fig. 1: Levels of processes [31] 

 

Individual process: this is the basic level of the processes. These processes start as 

individual process and start moving towards the upper level. This is the foundational 

level to initiate a process. It is very important to have the good individual processes 

because these processes become the foundation of the higher level processes [31]. 

These processes are collaborated with the individuals. 

Team processes: these processes are formed and maintained at team levels where a 

number of people work together to combine the individual processes. Team 

processes also contain roles and responsibilities [31].  

Project processes: these processes are formed when a project is started having some 

specific targets to achieve. Processes involved at this level vary from project to 

project.   

Business processes: these are the highest level of processes containing the business 

visions, business strategies, business objectives and orientation which started from 

different individual process and end at this level [31]. 

Personal software processes [31], [34] can affect the overall progress and effectiveness 

of the organization. Improvement and effectiveness in the individual processes can 
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lead towards the overall and aggregate improvement in the organizational 

performance [34]. The activities on the processes are explained as:  

Process definition: processes must be defined with respect to their nature and work.  

Process learning: one must learn about the process before using or operating the 

concerned process. 

Process result: the consequences and the results achieved from the process in the 

form of strong interpretation.   
 

2.1 Application of Maturity Model.  
Two methods can be applied in this model in order to perform this activity. Both 

techniques/ methods vary in their objectives, procedures and final achievements or 

they may focus the same problem from different perspectives [1].  

 

2.1.1. Software Process Assessment 

In this method, keys areas are identified for improvements and action plans are 

developed in order to make these improvements possible [1]. Basically, it accesses 

the current practices and improvements to take action plans which affect the whole 

organization [1]. These activities are run by software experts/professionals.  

 

2.1.2. Software Capability Evaluation 

It deals with the evaluation of organizational software processes to estimate the 

software quality level [1]. It is performed by the internal or external sources and 

focuses on a particular aspect of an organization. 

 

2.2. Software Process Improvement Cycle.  
There are four steps involved in software process improvement cycle. 

2.1. Information Collection 

The current condition/status and the resources of an organization are identified so 

that the software process improvement activity can be planned and initiated [2]. It is 

difficult to evaluate the current status but it is the most important task in the life 

cycle because it is the foundation of all coming steps. Both primary and secondary 

information is helpful in information collection process.  

 

2.2. Decision Making and Planning 

All tasks are decided and planned at this stage. Decision making and planning is 

based on the information gathered in the previous step. Hence, it is very important to 

collect the right information in the first step. 

 

2.3. Implementation. 

The new solutions are identified and they are applied on the current processes so that 

improved forms of the processes can be achieved [2]. Implementation always shows 

some beneficial results which are lacked in the previous state. 

 

2.4. Evaluation 

The new [2] processes are evaluated in order to identify the effectiveness of new 

processes that how much new processes have improved the outcome.    

 

2.5. Process Improvement Strategy. 

Process improvement [6] strategy focuses on the following factors. 



  12 

 Self assessment of each activity and software processes so that the working level 

can be known. 

 Always use skilled staff personnel in this process improvement activity so that 

they can better understand and handle the situation. 

 Organization must know the on going improvements, and those improvements 

can be revealed by reviews.  
 

2.6. Assessment of Results 

Following [6] are the steps involved in the assessment of the results.  

 Quality processes support the healthy activities of the processes and of the 

personnel. 

 Process culture provides the stability to the organization in a better way 

especially while moving into new applications. 

 Training plans always refine the skills of the staff which is very important for the 

growth and for organizational success. 

 Better personnel can make and implement the better processes. 
 

2.3. Traditional Software Development vs. Agile Software 

Development.  
One characteristic of SPI is to emphasize the continuous improvement of products as 

well as of organizational processes of software development in terms of 

performance, stability and compatibility [7]. By doing so, a good quality can be 

achieved, software can be developed in low cost and high productivity can be shown. 

Moreover, it also focuses on Return on Investment (ROI) i.e. earn more money than 

we spend on the product in the form of investment so that better business can be 

done leading towards business profitability. Hence, it shows the quality driven 

continuous development.  

Agile software development has challenged the conventional way of developing the 

software [7]. New challenges are occurring in the development on daily basis. 

Iterative adaptation and improvement of the activities from development teams are 

necessary to increase the effectiveness. Individuals and their interaction with the 

processes have also major importance. The software teams must interact in order to 

become more effective and self organizing software development teams. Taking care 

of improvements in different development teams is an important aspect in agile 

software development.  
 

2.4. SPI Management, Measurement and Motivation.  
“Effective software process improvement will not start until management insists that 

product development work be planned and properly managed.”[8] 

It is very important to meet all the requirements of processes at different levels of the 

selected model. The benchmarks must be met according to the plans in product 

development. Productivity confirmation and process benefits must also be evaluated 

during the execution of the plans. The key process areas must be managed properly 

so that deficiency can be removed properly and probability of improvement can be 

increased. The good measurements provide the insight of the key process areas 

effectively. Estimating the risk issues, tracking progress, reporting progress and 

quantifying process improvement issues are also dealt properly. 

“The maturity-level framework and related evaluation system help organizations 

understand their capabilities. They can then compare their current practices with the 

CMM model and see what activities they need to add or improve.”[8] 
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2.5. Effectiveness of Software Process Improvement.  
After the application of SPI the organization feels the competitiveness, increase in 

performance and innovations in the processes which show the benefits taken from 

the successful software processes [9], [10]. It shows the transition from one state to 

another. SPI focuses towards the development of the practices, improved quality of 

the product, reliability, productivity, customers‟ and employees‟ satisfaction [9]. The 

change occurs in the shape of good staff, improved technical system, organized 

structure and better management practices [9]. Change agents [9] must update the 

skills of the current employees so that new roles and responsibilities can be 

understood for better career development and technical systems which contain tools 

and various development methodologies must also be improved in order to get better 

results. 

Organizational structure also plays an important role that how information moves 

with in the organization. How much interaction is done by the different groups in an 

organization? How activities are coordinated and managed? The organizational 

structure must be redesigned in such a way that maximum communication must be 

made possible. The flow of information must be in all the directions and in all the 

departments. Three areas are most interesting in measuring the organizational 

effectiveness is process performance, stakeholder satisfaction and final results. [10]  
 

2.6. Failures of SPI.  
Management‟s commitment [12] and understanding of the tasks play an important 

role in the success or failure of process improvement activities which may also occur 

due to the: 

 Misallocation of the resources and the man power or majorly due to the multiple 

shared or insufficient resources. It also reflects the poor resource planning. 

 Unskilled or less skilled staff can also affect the business orientation. Orientation 

must in the hands of experts. 

 Mismanagement in the practices and in staff performances. The management 

wants to get rid of assessment as early as possible.  

 Lack of software management skills. Incapable technical staff leads towards this 

state. 

 Lack of business orientation of the actors and of the programs keeping in view 

the business strategies and goals. 
 

An example is given in [12] that a company decided to initiate software process 

improvement procedures. Higher complexity means higher risk in the business 

because of the new upcoming challenges and low quality product. The following 

principles were made the basis for the initiative of process improvement 

1. CMM will be used as the basis of assessing the business and software 

perspectives. 

2. Self assessment and training of the staff for the better SPI initiative. 

3. Steering committee must play an active role in the beginning. 

4. Proper budget must be allocated to initiate and run the improvement activities. 

5. SPI actions must be shared by the executives. 

6. Performance must be evaluated to see the impact of change inside organization. 

7. The awareness from the importance of SPI must be highlighted so that the 

involvement of the executives can be introduced. It not only helps the processes 

but also to the quality factors. Research and development department must also 
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participate in order to fulfil the commitment. The improvement factor must be 

shown in order to get the confidence of the organization and of the management. 

Historical data must be given high importance to compare the quality, schedule 

and cost of the product so that the improvement of the processes can be judged. 

Moreover, defect detection and defect prevention must always be given equal 

importance.  

8. The large projects can give better revenue if they are properly managed with 

improved procedures. The risk factor must be identified in order to avoid the 

ambiguities. Focused efforts are required so that specialized efforts can generate 

better results. New set of well defined practices must also be introduced to show 

the improvement in the current processes so that new projects can show better 

results. External consultants can be hired to take the assistance to perform the 

software process improvement if internal expertise of the staff is low or poor. 

9. The management must be given a good introduction of the SPI. It must be shown 

all the pros and cons and the long run benefits to the organization. The complete 

process of improvement must be explained to management from execution to 

results so that the employee satisfaction can be achieved. External experts can 

also help and can better recommend the changes in the processes. The project 

leader must be given proper training of the basic principles of the techniques for 

the better execution of the practices. The people who have already experienced 

the implementation of the process improvement can also be included to get more 

benefits from process improvement techniques. Software and business process 

improvement might be one and the best way to compete better in the highly 

competitive markets in the future. Mastering in business and software process 

may leads towards the success if conducted properly by the team and impact of 

SPI shows positive results. 

Weaknesses and failures [12] which are mostly found in SPI.  

1. Weaknesses concerned with cost 

 Instability of requirements is an important factor. 

 Knowledge of cost deposition and distribution. 

2. Weaknesses concerned with Requirement Management. 

 Changed request if it is not handled properly. 

 Impact analysis is not done properly by the staff or by the responsible team. 

 Change decisions at wrong time by the team or team members. 

 Absence of suitable processes and proper process measurements. 

3. Weaknesses concerned with Project Management. 

 Improper project monitoring. 

 Unavailability of historical data for analysis. 

 Lack of information updating and sharing. 

 Improper risk analysis by the in competitive employees.  

 Corrective actions are not taken in time as required. 

 Poor planning i.e. resources, budget, time, cost etc 
 

2.7. Dependent and Independent Variables in SPI.  
Software industry is involving and concerning with the SPI activities in the 

development procedures day by day. Specialization is being achieved due to the 

usage of such activities. Some of the dependent, independent and moderate variables 

are being discussed so that we can better understand the SPI processes and activities. 

Moreover, these variables [13] affect the execution either directly or indirectly. 
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1. Independent Variables: business orientation of the company, leading factors of 

the involved personnel, participation of the organizational employees, 

measurement of the practices, usage of existing knowledge, exploration of new 

knowledge for the better innovation. 

2. Dependent Variables: performance of organization before and after SPI, attained 

new level in the form of success.  

3. Moderate Variables: size of organization, cultural, social and internal conditions 

or norms. 
 

Business objectives always motivate the change so that new target with improvements can be 

achieved. Process orientation and process improvement is also very much important factor in 

it. Software and business process improvement program are always executed strategically so 

that highest results can be achieved.  

 

„„we define business orientation as the extent to which SPI goals and actions are aligned 

with explicit and implicit business goals and strategies‟‟. [13] 

 

Leadership must also be involved in all the steps of SPI and full commitment must be proved 

to make the results beneficial. The leader must show the clear vision so that it can be 

followed with full motivation and which is a part of leadership. 

 

„„we define involved leadership as the extent to which leaders at all levels in the 

organization are genuinely committed to and actively participate in SPI‟‟. [13] 

 

Employee participation must be at the maximum level so that combined potential can be 

applied to the improvement process. An effective development is never possible without 

employee participation. Moreover, treatment with the employees has also been given a 

proper attention as participation and involvement always been the important point under 

discussion. Participation always leads towards the improvement in the work and in the 

employees‟ behavior.  

 

„„we define employee participation as the extent to which employees use their knowledge and 

experience to decide, act, and take responsibility for SPI‟‟. [13] 

 

Measurement of the software is always important in monitoring, evaluating, controlling, 

predicting and executing the software improvement and development procedures. Software 

which cannot be measured then it means we cannot judge its reliability and functioning. 

„„we define concern for measurement as the extent to which the software organization 

collects and utilizes quality data to guide and assess the effects of SPI activities‟‟. [13] 

 

Learning strategy is very important for efficiency and flexibility because one can learn new 

ideas and problem solving activities. These strategies can be exploitation and exploration. 

Exploitation stresses on the use of current knowledge and exploration focuses on the 

innovation of new ideas and strategies.  

 

„„we define learning strategy as the extent to which a software organization is engaged in the 

exploitation of existing knowledge and in the exploration of new knowledge‟‟. [13] 

 

2.8. Importance of ROI in SPI.  
As mentioned in [17] about the return on investment in software process 

improvement: 

 It is very important to have return on investment estimation so that the managers 

can be convinced to start SPI activities. 
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 We can evaluate the resources which can provide positive results and identify 

those resources which will not provide any benefit 

 It helps in setting the priority of the processes that high cost processes can be run 

in first step or not. Moreover, it basically depends on ROI analysis and 

estimation.  

 ROI can also save the organization from big risk because an organization can 

evaluate the margin of profit or loss at the initial level. 

 ROI can also save the organization from bankruptcy or other financial deficits.   

 

Chapter Summary 
This chapter describes some important aspects during the application of Software 

Process Improvement at different scaled organization. Different methodologies and 

procedures are defined so that optimized results can be got by implementing the SPI 

activities. The effectiveness of SPI shows the importance of improved processes in 

the software industry. In addition, this chapter covers the important aspects to follow 

and which can be helpful in implementing the SPI successfully. Hence, SPI has 

become an essential process improvement strategy for the software organizations to 

have the competitive advantages in the highly competitive market.   
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Chapter 3:  Software Process Change 

 
Software process improvement [18],[19] always facilitates to identify and apply the 

changes to current processes so that the new processes can be help in producing the 

high quality product. It is also important to understand and evaluate the current on 

going processes inside the organization so that the change in the processes can be 

initiated. Hence, the evaluation of current state is the first step of the change.    

With the advancement in the software requirements and technology, we intend to 

make a change to meet the demands of the user and technology. This change leads 

towards highly competitive market because there is always some higher organization 

ready for competition [19]. Hence, improvement leads towards continuous change. 

New dynamics of development procedures and techniques are adopted during the 

change. A wise approach to implement a change is incremental form which is quite 

acceptable to the staff [19].  With the slow increment, new methodologies are 

identified sometimes which can be very helpful for the organization in improvement.  

Software process improvement [20] is an effective way to improve product quality, 

meet market needs, reliability and return on investment. Managers also facilitate 

those activities which can also be helpful in successful and effective change [20]. 

Iterative and incremental practices and procedures lead towards the better 

development track and it is the intention of the experts to make SPI more strategic 

and responsive [19]. Due to the change perspectives, SPI is enhancing its dimensions 

and growing rapidly. Managerial commitment is very important factor in process 

improvement activity because he is the person who is managing the change and he 

must also understand all the tactics involved during the change [20]. The change is 

underestimated due to limited experience/expertise of change, change management 

issues and practices, and improvement can not be handled due to managerial issues 
[20].  
 

3.1 Elements of Change 
SPI initiatives are complex and creative in nature which leads towards change. There 

are four important elements which must be changed with the organizational change.  

Change Process: includes process definition, technologies and process execution, 

techniques used to implement processes [20]. For effective change, the organizations 

must plan to consistently change and modify the current processes. The problem 

arises for the organizations when they change the process practices but not the 

process definitions [20].  

Change Structure: processes exit at different levels and at different designations. 

Structuring includes coordination, grouping and authority [20]. The changes in such 

aspects can be helpful in transition. Changing structures [20] always improve the 

organizational health as they improve management and control. 

Change People: roles and responsibilities [20] must be changed with the passage of 

time as organization changes the processes. Skilled employees must be given the 

responsibilities, facilitate the policy to support new processes so that better change 

can be expected. Educate the staff for new processes and challenges.    

Change Management: with the changes in the processes, the managerial practices 

also change [20]. I.e. planning, control, policies, social, cultural etc.  
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3.2 Management of SPI changes 
Five important tactics are identified to manage SPI changes. 

Create vision: vision is the first and most basic part in change activity. Vision is very 

important to properly run the SPI activities as well as for the change because with the 

clear vision, the organizations set their goals with proper planning. A good vision can 

be created by having skilled and responsible experts who know their jobs well. 

Experiences regarding good vision become the backbone of learning organization 

and change [20]. Organizations those fail [20] to communicate and share 

responsibility for SPI with respect to change face problems regarding i.e. weak 

coordination, loose control, lack of vision and lack of managerial issues.   

Manage Commitment: inefficient commitment in change behaviour can lead towards 

the adverse effects due to the burden both on employees and on organization. Strong 

commitment means strong vision because of the clarity in mind. Incentives to the 

employees can also be beneficial during the change in SPI. Combined commitment 

of the staff members must be assured to face the challenging goals. Moreover, the 

execution of the commitments must be in chronological order [20].  

Plan Initiative: improvement plans fail due to the lack of maturity assessment. SPI 

success is more connected to the strong plans which must contain roles and 

responsibilities, action plans, dedicated resources and initial motivation [20]. The 

advantages include in SPI are clear goals, exact dates for achieve the target and high 

expectations, tasks‟ sequence, measurable objectives,  priority of tasks depending on 

their nature and coordinating improvements and measuring of communication [20]. 

SPI plans help in common understanding of the staff members. Strict plans have little 

adverse effects which occur in the form of decreased motivation or decreased energy.   

Stay Agile: in the current dynamic environment there is a need to continuously 

coordinate the priorities of the tasks at different change initiative plans following the 

agile methodology [20]. Continuous improvement always leads towards the better SPI 

implementation and dedicated efforts. When proper SPI portfolio is established then 

management can give the priority to the resources which can be applied to one 

project or multiple projects.  

Monitor Improvement: organizations must monitor and measure the progress from 

SPI with the help of various approaches i.e. business goals, quality etc [20]. Feed 

back also takes very important part in this activity. It motivates the SPI with the help 

of outcome and supports the assessment of SPI strategies.  Successful SPI requires 

the managers to be sensitive regarding the matters and concerns of change. They 

must consider these aspects in their mind i.e.  

 Initial motivation of SPI. 

 Overall strategy and the initiatives which lead towards change. 

 Operation‟s history for the sake of monitoring. 

 Interaction with the customers during the change. 

Change also requires the manipulation of those activities which help the SPI 

activities. It is very important for the managers to take care of all elements which are 

the part of the change either directly or indirectly.  

 

Continuous process improvement [21] in: 

SPICE model 

1. Examine the need and business goals of the organization. 

2. Initiate the process improvement activity. 

3. Conduct the process assessment of current processes and organization. 

4. Analyse output and action plans. 
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5. Implement and control improvement. 

6. Confirm the improvements. 

7. Maintain improvement actions. 

8. Monitor efficiency and activities. 
 

IDEAL model 

1. Initiating: initiate the activities. 

2. Diagnosing: assess the current practices and processes. 

3. Establishing: implement strategies and actions plans for improvement. 

4. Acting: execute plans and targets so that some improvement can be done. 

5. Leveraging: learn the lessons from the business outcomes so that in futures the 

performance can be increased and mistakes can be avoided. 
 

3.3 Change perspectives in organization 
SPI always tries to change the current processes of software development and of 

organizational change in these dimensions: 

Organizational change aspects: these are the aspects which are concerned with the 

change. These can be staff, management or technical system [9]. Change attempts to 

alter and enhance all the basic aspects i.e. performance, innovation etc. mostly 

attached with the one state to the next state [9]. SPI targets to enhance poor or 

unsatisfactory performance to better quality product, reliability, productivity and 

customer satisfaction [9]. Change agents must be ready and have good skills to 

execute such activities. 
 

 
Fig. 1: Organizational Framework [9] 

 

Roles and responsibilities must be clearly defined; skills and knowledge must be 

created, career and educational developments.  Changes in technical system must 

also comprise in core business process, process technology and tasks. To make 

changes in these aspects must be executed in a planned way. Organizational structure 

focuses on the group of the people during the development of tasks i.e. coordination 

and task‟s management. Moreover, the responsibility is shared in what manner so 

that tasks can be carried out in a better way.  Management practices concerns with 

the culture, planning and control, and incentive schemes to the staff. [9] 
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Change episode:  it is concerned with the change management and change processes. 

Change issues must also be a part of change episode i.e. vision, leadership, decision 

making and problem solving activities [9]. 
 

 

 
Fig. 2: Longitudinal Perspectives [9]. 

 

It is showing the transitional change from one time span to another time span (T1-

T2) by involving the aspects which are shown inside the directional arrow. Senior 

management takes care of managing old and new people, vision, leadership roles, 

problem solving and decision making activities. These aspects are very much 

important for change initiatives. 
Following [22] are the factors which are reported by the companies after the 

adaptability of the improvement activities. Change in processes, Change in people, 

Change in problems, Change in quality, Change in market, Change in schedule, and 

Change in cost.  

 

Chapter Summary 
This chapter reveals many aspects of SPI which are involved with respect to change 

during the implementation of SPI. The main aspects covered in this chapter revolve 

around the intensity of change and efforts required in change, the elements of change 

and management of change under SPI models. Moreover, some facts have also been 

uncovered regarding the management issues and the reasons to start the SPI 

activities. This chapter provides the good understanding of the change and its 

management.   
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Chapter 4: Process Improvement and Innovation 

 
This chapter puts lights on some of the important factors which play dominant role in 

the success of process improvement. This chapter covers the factors affecting and 

their impact on SPI. How change is reported after the implementation of software 

and business process improvement. It further leads us towards the success factor of 

SPI. Moreover, the experiences gained from the application of process improvement 

are also discussed keeping in view the risk management issues and risk management 

approaches. In addition, quality factors along with the iterative improvements and 

innovation in SPI is also addressed in this chapter. 
 

4.1. Success factors’ impact on Software Process Improvement.  
Factors [22] which have major impacts on software process improvement 

programmes and activities i.e. training and mentoring, reviews, standards and 

procedures, experienced staff, inspections, internal process ownership, internal 

leadership, executive support, senior management and their commitments, clarity in 

the SPI goals, responsibility in implementing SPI, involvement of staff, available 

resources both for staff and for improvement activities, involvement of participating 

teams, communication and sharing of information, management of activities, 

understanding of new aspects, stability and adaptability of new processes, handling 

of new issues regarding improvement. 

 

4.2. Involvement of Generic Factors.  
Some important factors [23] regarding the SPI are discussed below: 

Commitment:  how many of the resources are being given and how much is the 

management committed to their tasks. 

Turnover: the turnover ratio of the employees. It can be from higher staff or from 

technical staff.  

Politics: politically promoted activities which may promote or demote SPI activities. 

Respect: staff which is involved in SPI activities is respected or respect the 

improvement efforts.  

Focus: how much the organization is focused towards the SPI activities and efforts? 

Moreover, the seriousness towards improvements must also be meaningful for the 

organization. 
 

4.3. Expertises attained from SPI.  
Some of the [24] experiences gained from SPI activities, identification of specific 

problems and their diagnoses which are generally diagnosed: 

1. Project manager or the management must be ready when there is need to 

diagnose the problem. 

2. Diagnoses leads us towards better understanding and planning, problems gets 

attention, efficiency and effectiveness in the processes, actors remain involved 

and committed to their work. 

3. Problem diagnoses also present some drawbacks which can be in the shape of 

weak background of the interviews or experts, involvement of all irrelevant 

actors and selection of irrelevant participant in SPI. 

4.  Problem diagnoses require some condition which is very important factor i.e. 

interviewer‟s skills, structured interview guide, expression and interpretation of 

data, SPI group members and decision making.  
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5. Organizational politics in problem diagnoses, involvement of impressive actors 

in SPI activities and in problem diagnoses to make every thing effective.  
 

4.4. Impact of success factors on SPI.  
Some success factors impacts are being discussed below in order to have an idea of 

them and their impact on the success of process improvement. Factors which have 

most impact and the least impact on the success are discussed. As it was noticed that 

some factors i.e. reviews, standard procedures, training, monitoring, experienced 

staff, leadership qualities, inspections etc had major impact on successful SPI 

whereas, tools and reward schemes had least or no impact on the success of process 

improvement [25]. Some important factors affecting the success of SPI are discussed 

by „Goldenson‟, „El Emam‟, and „Stelzer‟ are senior management commitment, clear 

SPI goals, responsibility for SPI, involvement of the staff, schedule time and 

resources, process action teams, agents and leaders, communication and 

collaboration, SPI management, stability in changed processes, proper improvement 

initiatives and organizational stability in transition [25].  
 

4.5. Involvement of Risk Factors.  
The risk management issues are always applied to control the system failure. A 

particular aspect, process or environment if ignored may lead towards the failure. 

Risks always threaten the success of improved processes. For the success, the 

processes must be risk free. Risk management is important for the projects and for 

experts to concentrate on problematic scenarios.  

Approaches [26] to risk management are:  

Risk list: contains generic risk items as priority so that the risk can be dealt according 

to their threat and importance.   

Risk action list: contains generic risk items along with properties and the required 

risk resolution actions. Easy to access and modify so that action can be taken against 

the risk.  

Risk strategy model: concerns with the overall strategy to resolve risks and combined 

with the risk actions and risk resolutions. It provides detailed and composite risk 

items and actions. Due to the composite nature, the management can see the risk in 

the form of profiles.   

Risk strategy analysis: incremental form of analysis in which each risk is related to 

the actions to make overall strategy.  
 

4.6 Impact of Quality factors on Software Process Improvement.  
It is very important to keep produce and enhance quality products and process 

management activities as the change occurs in SPI. The change can also be analysed 

by noticing the impacts of software quality in software process improvement. Quality 

factors can be described [27] as:  

Efficiency: system is capable of performing at its best even if fewer resources are 

available. 

Integrity: system is capable of bearing the external threats or the threats by external 

unauthorised users. 

Reliability: system is more reliable and capable of achieving its objectives as 

expected. 

Usability: easy to use, better learning from improvements and the operations of the 

software. 
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Testability: better testing facilities to ensure the proper working of the software. 

Moreover, better reliability and fewer changes of software crash. 

Expandability: better chances of software expandability in functionality, the 

enhancements can be done in a better way with the help of improved processes.  

Flexibility: it can have more flexible nature for future advancements in the functions 

or data. 

Portability: platform independent ability can be transported. 

Reusability: the improved development methods made the products more reusable by 

introducing the component development concepts. 

Inter and intra operability: components have the ability to operate and communicate 

in the same or with another system‟s components.  
 

4.7. Iterative improvement process in SPI.  
Six steps [28] [7] of iterative process improvement are shown below: 

Improvement: planning and scheduling of all the activities, tasks and techniques 

involved in process. Team composition and size also keep good importance. 

Experience collection: it starts with the completion of the first iteration. The 

experience gained from the tasks is used in the next iterations and the mistakes which 

are done in the previous tasks are avoided in the coming steps. But the main focus in 

this step is to collect the experiences of each step and show it in the form of process 

improvement.  

Improvement actions and planning: improvement actions for the next iteration are 

planned in this step after identifying the hurdles which are identified in the targets. 

The bad experiences in the previous steps are collected and solution is identified so 

that such weaknesses can be avoided in the next steps. Better problem solving 

techniques help the employees in effective use of experience and knowledge so that 

they can perform well in the other iterations. It can be good team learning and 

problem solving activities. More importantly, the improvements must be defined 

clearly so that we can see the problems and the actions taken to correct and solve that 

problem. It is always done by the responsible teams or the facilitator so that the 

effectiveness can be guaranteed. Improvement actions must also include the plans 

that how the implementation has been done and what changes can be noticed.   

Process enhancement: after conducting the successful iteration of the plans, the 

analysis is done so that the effectiveness can be measured and the processes can be 

enhanced for better iteration and results. It leads towards the continuous 

improvement and satisfaction for the organization.  

Validation: it is done to ensure that the achieved results map the action plans or not. 

The validation of each process is examined so that it can be analysed that the further 

improvements in the actions are possible or not. The validation must be done by 

qualitative and quantitative methods to ensure the validity and effectiveness. 

Qualitative is by analysing and quantitative by measuring and proving.  

SPI results: it is important to store all the results so that in future these results can be 

used by the teams and which can be very helpful in futuristic iterations and 

improvements. These results can be taken as the overall feed back of the process 

activity.  
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4.8 Watt Humphrey and SPI innovation.  
As Watt Humphrey depicts the basic five steps towards innovation to processes are: 

understand the current status of ongoing processes in the organization, development 

of clear vision and goals, mark the priority to the processes or to the actions which 

are to be taken, develop a plan to follow, collection and allocation of resources [29]. 
 

4.9 Process Improvement/Innovation and concerned elements.  
1. Process Establishment 

The current and new processes are identified and also those which are very much 

important for our goals. Following steps [30] are necessary in the part of process 

establishment. 

 Every process must achieve some goal. 

 Identify the role and responsibilities for each process which will be performed by 

different people. 

 Collect information about the conduction of current processes. 

 Identify the strategy for changing the current processes. 

 Feed back must be taken to identify the improvement. 

 Maintaining the different states of the processes so that improvement can be 

judged.  

 

2. Process Improvement 

Main target is to make our processes effective, efficient and in continuous 

improvement so that the quality can be enhanced after some phase. These can be 

improved [30] with the help of the following steps. 

 Identification of opportunities before and after the process improvement.  

 Identification of goals and prioritization of the efforts. 

 Identification of the strengths and weaknesses. Moreover, what can be the effect 

after changing or enhancing the processes. 

 Identification and prioritization of the current processes to be dealt. 

 Find the ways to measure the results and benefits can be achieved after 

implementing the process improvement. 

 Always keep the back up in the case of failure from the process improvement so 

that the company can still run on the previous processes.  

 Reusability of the process instances must be applicable.  

 

3. Process Assessment. 

It takes us to the concluding point that up to what level we are successful in 

achieving our goals by implementing the process improvement. It is done by 

checking our previous processes and current processes. The difference is our success 

if it is positive. There are following steps [30] to consider in process assessment. 

 Identification and definition of assessment methods. 

 Identification of our scope so that we must know that what is our premises. 

 Each process must be assessed in order to have its assessment. 

 Validation of the information which will be used for drawing the results. 

 Identify the strengths and weaknesses faced during the implementation of 

processes. 

 Storage of results to reuse in future.  

 Set the priorities for further and continuous improvement. 
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Chapter Summary 
This chapter gives a good summary of various factors involved from change to 

innovation in SPI. These factors prove to be beneficial and effective for the SPI. 

Obviously, when we get the benefits from such factors then we move towards the 

change in the organization. This change can be seen from process level to 

organizational level. After having the change in the organization the new experiences 

are gained which are always helpful in the new upcoming challenges. During all 

these activities the risk issues are always involved and are depicted in order to have 

the better understanding to avoid them in the effective implementation.  Moreover, 

quality factors which lead towards the iterative improvement are also described in 

detail so that the reader can get maximum benefits from this chapter. 
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Chapter 5: A Systematic Review    

 
5.1 Traditional Review vs. Systematic Review 
There are additional benefits which may provide uniqueness in the systematic review 

rather than the conventional review as described in [35],[36],[37]. 

1. Systematic reviews are in more detail than traditional review. It provides more 

detailed study and better accuracy than other reviews. 

2. Systematic review is more correct and unbiased if conducted properly without 

any favouritism. It is more transparent and thoroughly researched.  

3. Systematic review has defined review protocol which is also a strong foundation 

for accuracy and unbiased behaviour.   

4. The search strategy is more thorough and detailed in systematic review rather 

than the traditional/conventional review. 

5. Systematic review is based on multiple steps which makes it more detailed in 

nature. By doing so new research areas and problems can be found [36]. 

6. Systematic review is more time taking review rather than the traditional reviews 

because of its detailed study and research oriented nature.    

 

5.2 Systematic Review Phases 
We always try to have accurate, detailed and unbiased research through systematic 

review. The steps taken and followed in the systematic review have been taken from 

[35][37][38]. The systematic review will follow the three stages i.e.  

 

1. Planning the review. 

2. Conducting the review. 

3. Reporting the review.   

 

5.2.1 Stage 1: Review Planning 
The planning is started when we find the need to have the systematic review keeping 

in view our focused area or domain under research. It is the first step which must be 

done before initiating any activity. In the planning, we also consider the old research 

to see that if already the research we are focusing exists or not. If it does not exist 

then we continue from scratch but if it already exists then we try to modify or 

enhance that research.   
 

5.2.1.1. Need of the Review 

This is the most important part before starting any systematic review that the 

identification of the current research under review. In this part we try to identify and 

collect the information about the research which we are going to do that is there any 

research in this area or domain has been done so that the duplication of our research 

can be avoided. It gives the guarantee that the search is not the duplication of 

previous research and a new research will be carried out [38]. If the research already 

exists then the efforts must be taken to enhance or modify the research.  

There can be multiple reasons for performing the systematic review but in this thesis 

but I would be focusing on: 

 To understand the research in the area of software process improvement and 

factors affecting SPI and change. 

 Collection of SPI change factors, identification and prioritization of ten factors.  
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 To evaluate that how those factors can be helpful in the effective process 

improvement.  

 ELIN@Blekinge, ACM, IEEE, INSPEC, Google, ScienceDirect would be 

focused to identify the required studies.  

 The most suitable studies will be selected which can satisfy our requirements of 

the systematic review. The rejected studies shall be put in the exclusion of the 

literature. 
 

5.2.1.2. Development of Review Protocol 

The review protocol helps the review from being diverted and keeps the research on 

the track. It also reduces the possibility to involve the biasness from the researcher‟s 

side. It also helps the research to be neutral and pure to get the positive and effective 

results. Without protocol a researcher may select or reject the many important studies 

which can be helpful in attaining the correct results. Protocol always keeps the 

research as target oriented. It serves the backbone or foundation to the whole review. 

It initiates with the research questions, includes the search strategy so that reader 

must know that how search was being done by the researcher. Not only the strategy 

but also the terms used during the search. The quality level of the studies also 

concretes the review‟s strength.  It also presents the data synthesis techniques. The 

further detail can be found in Appendix A.  

 

The title shows the nature and the target of this research which is under systematic 

review. The background focuses on the previous research in this area and the reasons 

to have this systematic review. The review question(s) is developed to keep the 

targets clear and straight. The review methods explain that how and which methods 

will be used to carry this research. Milestones are created to make the research more 

effective, correct and efficient. These small milestones may give better changes to 

achieve the final goal. Review strategy focuses on the procedures and ways to review 

the whole research. The person performing the systematic review must also have 

expertise in various fields to have better understanding and management of 

systematic review.  

 

Review protocol is the plan of systematic review so that successful execution of the 

review can be followed as described by [38]. Background, Review questions, 

Research and search strategy, Study selection, Quality assessment, Data extraction, 

Evidence synthesis, Project time scheduling.   

 

Background 

It provides the detailed information of the purpose of the systematic review in this 

thesis. For this purpose the Appendix A.1 can be read. It describes the motivation of 

the thesis along with the targets of the systematic review.  

 

Search Strategy 

The search strategy is based on the key words which were used in identifying the 

change and corresponding factors. Many databases were used in order to find the 

targeted literature for the review. The detail of the databases and search terms can be 

found in the Appendix A.3. 
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Search Terms 

Search terms are very much important in the searching of the required literature. The 

outcome of the query really depends upon the words and terms used for the selection.  

The librarian of university guided during the development of search terms. It was 

focused to be specific and exact in specifying the search terms. Search terms were 

also used in the combination of „AND‟ and „OR‟ words for detailed outcomes. The 

search terms used in the systematic review can be found in appendix A.3 

 

Search Resources 

Multiple resources were considered in order to get the required literature. The reason 

behind it and using multiple databases is to get the potential and useful literature for 

the systematic review. By doing so, we can draw better conclusion based on the 

literature collected from these databases i.e. ELIN (BTH), ACM, IEEE, INSPEC, 

Google, Science Direct. The detail of these search sources can be seen in appendix 

A.3. These databases find the required study basing on the query written by the 

researcher. They take different input values or parameters to find out the literature.  

 

Study selection criteria 

The main motivation and effort is to answer the question of systematic review so that 

a useful result can be gotten. The broadness of the research also takes part in the 

selection of the literature. It is also based upon the population, intervention, 

outcomes and experimental designs. The primary study can be included or excluded 

keeping inclusion or exclusion criteria in mind appendix A.4.    

 

Study quality assessment 

Quality assessment can be checked or verified by research methods used in the 

review. Suitability of the research methods regarding the topic also reflects the 

quality level. For detailed information and understanding the appendix A.5 can be 

read. 

 

Data extraction strategy 

It is the process of extracting material from the literature or primary study. To be on 

the neutral side data extraction form can be developed to keep our self away from 

biasness appendix A.6. Data extraction form contains the general information about 

the literature i.e. author, title, year etc. detailed data extraction forms may contains 

many detailed information which may shown in the appendix A.6.  

 

Data synthesis 

It collects and summarises the literature of primary study which was used in the 

systematic review. Data extracted from data extraction must be combined with the 

help of data synthesis. The tables can be made which can provide us the information 

about primary studies. Details can be found in appendix A.7.  

 

5.2.1.2.1 The Research Question 

Questions Type 

This is the question which is addressed in the systematic review. It serves as a main 

research question to be addressed. The research question is based upon the on going 

research, population of research samples and the outcomes of the research. The 

change factors in process improvement have been studies in this systematic review. 

Actual questions can be found in Appendix A.2 
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 Identifying factors affecting software process improvement during change. 

- Identifying the factors affecting software process improvement during 

change. 

- Prioritize the importance of factors to make the improvement effective and 

efficient. Through prioritization, an organization can not only implement the 

improvement activities better but also control the sound change in the 

organization. 

 

5.2.1.2.2 Question Structure 

Population: the people who are involved in the successful implementation of change 

inside the organization. The factors of change must be identified and understood by 

the responsible employees.  

Intervention: factors which can be helpful and beneficial in achieving the better 

process improvement activity.  

Outcome: the outcome would be in the form of better process improvement 

activities, identified factors affecting software process improvement affecting 

change, less instability in organizational change, effectiveness and efficiency in 

software process improvement. The population, intervention, outcome and study 

design can also be seen in detail in appendix A.2. 

 

5.2.1.3. Classification of Research 

The main target of this research is to conduct the successful systematic review which 

can provide us the good results about the factors affecting the process improvement 

and how these change factors can be helpful in achieving better consistency in an 

organization. Prioritization of ten most frequently discussed factors can also be 

listed. It is important to classify the research so that the reader must know about the 

different classification of research. The following [40][41][42] supported the 

classification: 

Pure theory: this kind of research develops and generates theories. 

Descriptive study: it evaluates the current studies and with in the domain. 

Exploratory study: in this study we can explore some problem and find the solutions. 

Explanatory study: it explain the required issue or problem to make it more 

understandable 

Causal study: it assesses the effects of dependent and independent variables. 

 

5.2.1.4. Research methods 

In systematic review, there is always a need to collect data from all kinds of research 

approaches to make our research stronger in describing and supporting our research. 

Action research, experiment and case study are known as research methods in [43]. 

Case study, experiment and survey have been classified as empirical research 

methods in [44].  

Action research: it works on the special task/problem to acquire and evaluate the 

results. Better understanding of the problem can be got through action research [45]. 

Experiment: in experiment we try to find the casual relationship in the studies [43]. 

Case study: case study focuses on the specific domain or problem, a group of people, 

company/companies, by conducting interviews or reading the company‟s documents 

to get the required understanding.  

Survey: a survey is performed with the help of sample which is always taken from 

the population. The data gathered from sample is always used to draw conclusions. 

Survey shows the quantitative description of the research [46].   



  30 

5.2.2 Phase II: Conducting Systematic Review  
 

Systematic review targets a specific area so that the available research can be 

identified and evaluated. Systematic review explains and depicts maximum possible 

research which is available in that specific area. We perform unbiased evaluation of 

our research so that a trust able research can be performed by using auditable 

methodology [35].  An unbiased review always leads us towards the wrong results 

and our research may generate useless results. In systematic review, we always try to 

summarize the literature which may lead towards same or different results. If reviews 

follow the procedures and a standard then it is fine otherwise, they may be biased 

with the will of person who is doing the systematic review [36]. A good systematic 

review provides the fair and unbiased evaluation of the study under observation and 

enables us to recommend some findings with the help of studying various studies and 

literature [36]. One must not include his own personal liking or disliking of research 

papers or literature. When we are performing research under systematic review we 

always follow a defined, documented and strict procedures based on the defined 

protocols. All steps are performed according to the defined procedures so that the 

similarity in conducting the systematic review can be managed and meaning and 

usefulness of systematic review can be maintained. All the available study is 

collected before we start the systematic review and the actual and required 

information is retrieved. The literature is collected from six sources. Literature is 

studied, evaluated and then compared to other studies so that some useful results can 

be generated.  
 

It is the second important stage in the systematic review. At this level the whole 

review is conducted based on many small activities. Primary study of the literature, 

evaluation and assessment of the authenticated research and all the procedures which 

are necessary in the conduction phase are run as mentioned in [35],[37],[38].  

 

5.2.2.1 Research Identification 

Identification of the targeted research always takes time of a person who is 

performing this review. It is very critical and tough to find and search for the 

required literature which will appear beneficial for the systematic review. We need to 

identify the published and unpublished literature [38]. Unbiased search of the 

material must be performed to keep the systematic review positive and neutral. 

Biased collection of literature can destroy the actual meaning and purpose of the 

research.  Identification of new research is always continuous as we go further in 

search we find many vast research literature. There are many sources available 

currently i.e. online databases, electronic database in the library, books available in 

library and websites. The main activity regarding the identification of research was 

done between 1st of November to 10th of November 2007. Identified research can be 

found in appendix A. The main motivation and purpose is to find maximum possible 

literature available regarding our research. The query was written with various 

combinations along with the „or‟ and „and‟ combinations so that maximum possible 

results can be generated. Help from librarian was and taken in order to identify the 

searching terms more thoroughly and deeply. By doing so, the mistakes in searching 

can be reduced to make our search more reliable and effective in finding material. 

All types of studies were considered while identifying the research articles. The 

search of the terms was also conducted by adding and removing „s‟ with the terms in 

order to make our self sure about the research availability in the databases. All kind 
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of studies were reviewed for inclusion or exclusion without favouring any studies. 

The journals and been looked separately from the research articles in order to make 

the identification more thorough and effective to produce the satisfactory and 

effective results. To avoid the identification mistakes the title, abstract, introduction 

and conclusion is always read before selecting the literature. By doing so, we can 

avoid the repetition and also select the most appropriate studies for our review. All 

the search terms used in the identification of studies and database used will be 

mentioned in the appendix A.3.   

 

5.2.2.2. Selection of Studies 

After the search activity now there is a time to select the study which is suitable for 

our area of interest or domain. The irrelevant material must be discarded and relevant 

material should be analysed to achieve the required results. It is also important to 

document the study selection for both studies i.e. inclusion and exclusion [38]. It 

shows the unbiased behaviour of the selector. The selection of studies in inclusion 

and exclusion can be seen in detail in appendix A.4 which has been completed with 

the help of this thesis supervisor keeping in view the targets and results of this 

systematic review. The detail of the selection of the studies is being shown to 

understand the selection and exclusion of the primary studies from various databases.  

Study selected from 1997-2007 (last 10 years) 

 

DATABASE STUDIES 

FOUND 

STUDIES 

REVIEWED 

INSPEC 3011 34 

ACM Digital 

Library 

200 17 

IEEE Xplore 2 2 

Google 1930 47 

ELIN@Blekinge  1054 27 

Science-Direct 46 12 

TOTAL 6243 139 

 

The title of the studies is read carefully and then the abstract and introduction are 

read before taking any kind of decision to include or exclude the literature. The 

careful and unbiased selection process is conducted in order to get the positive results 

from the systematic review. Using the different databases as mentioned above the 

following figures or numbers were found which have been found and reviewed. The 

studies found during the search have been identified with various different queries 

which shall be mentioned in the appendix A.4. In INSPEC, 34 studies were 

reviewed, in ACM 17 studies were reviewed, in IEEE 2 studies were reviewed, in 

Google 47 studies were reviewed and in ELIN@Blekinge 27 studies were reviewed 

to get the required information and literature for the systematic review so that a 

useful and productive results can be found.  
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Flow Diagram of Study Selection Process 
 

 
 

5.2.2.3 Quality Assessment 

Quality assessment is also very important aspect after selecting the studies for 

review. Internal and external quality assessments are covered, internal is concerned 

with the way the research was performed and external is concerned with the results 

and outcomes [38]. The suitable studies are selected which can provide us the correct 

and more useful information for our review. Moreover, the less useful studies are 

rejected especially in the through exclusion criteria. The studies selected for the 

review had the least possible threshold as far as quality is concerned. These factors 

have been given a good consideration while performing the quality assessment. 

Details of inclusion/exclusion can be seen in appendix A.4. The quality assessment 

was also judged by keeping these questions below in mind. 

- Is the primary study relevant to the research which is being done by the researcher? 

- Are the studies providing the enough information to draw out the results which will 

be beneficial for this systematic review?  

- Is the change identifying and reflecting some factors which are necessary to deal 

with in the process improvement. 

- Are all studies selected without any favour of the selector in order to make this 

review neutral and positive? 

- Are all selected studies giving any productive results when combined and reviewed 

all together? 

- Are studies conducted according to the predefined pattern as described in 

performing a systematic review? 

- Is biased behaviour has not been used by the reviewer?  

 

 

 

Total Relevant studies found in Databases 

(6243) 

Studies Reviewed  

(139) 

Studies selected for Primary studies  

(19) 

Studies selected for Exclusion 

(12) 

Studies selected for Inclusion 

(7) 
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5.2.2.4. Data Extraction & Monitoring 

To avoid the biased behaviour we must use data extraction forms [38]. Data 

synthesis collects the facts and figures from the research literature [39]. Data 

synthesis is of two types i.e. quantitative and qualitative. Qualitative synthesis is 

based on the theoretical description of the results whereas quantitative is based on the 

statistical figures and measurements. These both support each other in the research. 

Data extraction must be done by reviewers which support reliability [38]. For 

detailed data extraction appendix A.6 can be seen. 
 

5.2.2.5. Data Synthesis 
General Characteristics: 

The tables below (T1, T2) show the general features and characteristics of the 

primary studies. This table T1 shows the research type (case study, action research, 

experiment). P1, P4 are based on case studies, P2 is action based research, P3 is the 

mixture of case study and experiment, P5 is survey, P6 is the mixture of case study 

and survey.  Study type shows target where the study was conducted i.e. industrial or 

academia. Last column shows the time duration in which the primary study was 

conducted. The first primary study clearly shows the start and end of primary study. 

Not the rest of the studies clearly mention the conduction year or duration of the 

research. 
 

Table T.1. 

Primary Study Research Type Study Type Study Duration 

P1 Case study industrial 1997-2001 

P2 Action research Industrial Not mentioned 

P3 Experiment + Case 

study 

Industrial Not mentioned 

P4 Case study  Academia Not mentioned 

P5 Survey Industrial Not mentioned 

P6 Case study+ survey Industrial+ 

Academia  

Not mentioned 

P7 Case study Industrial+ 

Academia 

Not mentioned 

 

The table below shows the primary study along with the participant type, participant 

level and number of participants involved in the study. Professionals were used in all 

the primary studies so that some useful results can be generated by the authors. 

Numbers of participants were mentioned in the studies (P3, P7) and rest of the 

studies do not clearly mention any information regarding the number of participants 

involved in all the activities.  
 

Table T.2 

Primary study Participants type 

(prof./student) 

Participant’s level Number of 

Participants 

P1 Professional Managerial/Experienced Not mentioned 

P2 Professional Experienced Not mentioned 

P3 Professional Experienced 56 

P4 Professional Experienced Not mentioned 

P5 Professional Experienced Not mentioned 

P6 Professional Experienced Not mentioned 

P7 Professional Experienced 13 companies & 

200 practitioners 
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Quality Assessment 

The table below T1 shows the primary study along with the study design, data 

collection approach, biases and measures to avoid biases. Data collection provides us 

the information about the involvement/collection of the literature of study material 

by the actual researcher of the literature. Either the researcher has collected the 

information by involving himself in the research or he has collected the data from the 

reports from the industry. Validity threats show that if any threats have been shown 

in the study and is there any mechanism shown to avoid such threats and biases.     
 

Table 3.  

Primary Study Study design Sample/Data 

collection 

approach 

Validity 

threats and 

biases 

Measures to 

avoid biases 

P1 Appropriate Self 

involvement 

Not reported No proper 

information 

P2 Appropriate Self 

involvement 

Not reported No proper 

information 

P3 Appropriate Previous reports 

and case studies 

Not reported No proper 

information 

P4 Appropriate Previous studies Not reported No proper 

information 

P5 Appropriate Previous studies Not reported Partial 

P6 Appropriate Survey and 

previous reports 

Not reported Partial 

P7 Appropriate Previous reports Not reported Partial 

 

The table given below shows the data analysis, statistics used and outcome 

assessment of the primary studies. The table shows that if any data analysis has been 

performed in the selected study and if any statistics used to measure the intensity of 

the studies and what can be the outcome assessment of those analysis and statistics 

used.  

 

Table 4. 

Primary Study Data Analysis Statistics used Outcome 

assessment 

P1 None None Not performed 

P2 None None Not performed 

P3 None None Not performed 

P4 None None Not performed 

P5 Partial Chi 

Square/frequency 

distribution 

Performed 

P6 Partial frequency 

distribution 

Partially performed 

P7 Partial  frequency 

distribution 

Partially performed 
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Primary studies availability 
The table given below shows the selection of primary studies from the available 

databases. The table gives the information regarding the availability of the primary 

studies in different databases. The primary studies available in multiple databases 

ensure the importance of the literature and the material available in it.  

 

Primary 

studies 

ACM ELIN@BTH Google IEEE INSPEC Science 

Direct 

P1 √ √  √   

P2  √    √ 

P3 √ √ √  √  

P4  √  √   

P5  √ √    

P6 √ √    √ 

P7  √ √  √ √ 

 

Prioritization of Factors 
The table given below (Table P) shows the factors affecting the software process 

improvement while having the change. These are the factors found in the primary 

studies and after identification these factors have been given priority on the basis of 

importance given by the researcher based on their experiences and research. These 

factors affect the organization which having the improvement activity following the 

change. These prioritized factors can provide a solid background to the reader in 

understanding the importance of these factors during the improvement.      

 

Table P. 

Factor Priority Supporting Primary 

Study 

Clear Vision 1 P1, P2,P4, P5, P6,  

Lack of Communication 2 P2, P3, P5, P6, P7 

Lack of Management 

skills 

3 P1, P2, P5, P6, P7 

Management‟s 

Commitment 

4 P1, P3, P5, P6 

Leader/Change agent‟s 

skills 

5 P3, P5,P6, P7 

Staff‟s involvement and 

participation 

6 P3, P5, P6, P7 

Unfreezing Organization 7 P3, P5, P6,  

Change 

management(processes) 

8 P1, P2, P6,  

Monitor and Analyze 

improvement 

9 P1, P5,  

SPI understanding 10 P5, P6, 
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5.2.3. Stage 3: Review Reporting 
This is considered to be the last stage of the systematic review. In this stage the 

results of the review are explained and interpreted. All the quality of the review 

depends upon the useful results of the systematic review. This part shows the 

productivity and the effectiveness of the research. Strong interpretation of the results 

supports the strong conduction of systematic review.  Results and interpretation must 

be done in the meaningful and simplest was so that the reader can get the maximum 

possible information from this review. Some of the basic attributes described in [38] 

to make this part meaningful and effective.  
 

5.2.3.1 Findings of the Review 

 From the systematic review an important aspect comes out from the literature 

that common factors are hard to find in the studies. The factors found in the 

studies vary from each other. Many researchers and organizations discuss about 

different factors based upon their own experiences. There is no foundation or 

platform for their common agreement on such factors.  

 Factors affecting software process improvement during change have been 

identified in the literature especially while conducting a systematic review in this 

thesis. As we can notice from all the literature and primary studies, there is a 

room available to investigate more about the effectiveness and priority of factors 

affecting software process improvement during change.  

 No available literature shows the importance of such factors in chronological 

order. Different literatures discuss such factors as researchers find them in 

industry or from academia. But this systematic review in the thesis identifies and 

prioritizes such factors.  

 Organizations always prefer and consider those factors which they feel to be 

important for improvement rather than realising the actual factors affecting the 

software process improvement activity.   

 Different literatures identify different factors but the common factors are hard to 

identify which can be found in this systematic review.  Some factors are common 

in different studies i.e. clear vision, lack of communication, lack of management 

skills, management‟s commitment, leader/change agent‟s skills, staff‟s 

involvement and participation, unfreezing organization, change management 

(processes). 

 This systematic review helped in identifying factors and the prioritization of ten 

most important factors has been done on the basis of importance given by the 

researchers and literature. These factors are prioritized keeping in view their 

importance, results from various reports, surveys and results as discussed in 

various literatures during improvement activities.   
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Chapter 6: EPILOGUE  
 

6.1. Conclusion 
The findings of the thesis are derived both from literature (chapter 2,3,4) and 

systematic review (chapter 5) but the literature presented in chapter 2, chapter 3, and 

chapter 4 make good foundation to understand software process improvement, 

process change, process innovation, factors affecting the effectiveness of 

improvement. First four chapters identify factors and elaborate concepts in detail so 

that reader can be facilitated to understand the whole thesis. Chapter 5 is based on 

the conduction of a systematic review. Systematic review follows the standard rules 

of conduction as described in (Kitchenham) so that a compact conduction of 

systematic review can be performed and some useful results can be achieved. The 

conduction of systematic review helps in identifying the factors and prioritization has 

been done on the basis of literature, results from industry reports and surveys. The 

last chapter covers the conclusion, contribution of the thesis in the research and the 

future work.  

Literature and organizations discuss about different factors based upon their own 

experiences but there is no single point of common agreement about such factors but 

this systematic review leads towards this stage. Organizations always prefer the most 

suitable factors to deal with but some times more effective factors are ignored 

intentionally due to organizational internal weaknesses or unintentionally due to lack 

of expertise and analytical abilities. But we can find such important factors in this 

thesis as identified through systematic review and prioritized on the basis of 

thorough understandings from literature, surveys and case studies. These identified 

and prioritized factors can provide a strong foundation in understand the important 

factors during improvement. The identified and prioritized factors in the review are 

i.e. clear vision, lack of communication, lack of management skills, management‟s 

commitment, leader/change agent‟s skills, staff‟s involvement and participation, 

unfreezing organization, change management (processes), monitor and analyze 

improvement, SPI understanding.  

 

Factor Priority Supporting Primary 

Study 

Clear Vision 1 P1, P2,P4, P5, P6,  

Lack of Communication 2 P2, P3, P5, P6, P7 

Lack of Management 

skills 

3 P1, P2, P5, P6, P7 

Management‟s 

Commitment/Support 

4 P1, P3, P5, P6 

Leader/Change agent‟s 

skills 

5 P3, P5,P6, P7 

Staff‟s involvement and 

participation 

6 P3, P5, P6, P7 

Unfreezing Organization 7 P3, P5, P6,  

Change 

management(processes) 

8 P1, P2, P6,  

Monitor and Analyze 

improvement 

9 P1, P5,  

SPI understanding 10 P5, P6, 
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Clear Vision: clear vision and understanding of aim, objectives and the ways to reach 

to the final destination.   

Lack of Communication: vertical and horizontal communications among 

management, change leader, employees and organizational departments must occur 

during the improvement activities so that every one must know the current states of 

existing and new processes.   

Lack of Management skills: it describes that lack of management skills during 

process initiation, execution and implementation can also alter the results of 

improvement. It is very important to manage all such activities on proper time. 

Management‟s Commitment/support: it shows the support, dedication, commitment, 

and seriousness of the management to make the improvement effective, rapid and 

useful for organization.  

Leader/Change agent‟s skill: skills of the higher management and of leader to 

accommodate and adapt the situation according to the change occurring during 

improvement. And find better ways to handle the improvement activities.  

Staff‟s involvement and participation: it shows that how much staff is being involved 

in the improvement while having change. Moreover, the participation of employees 

also proves to be beneficial during process improvement.  

Unfreezing Organization: to soften the current ongoing processes and the resistance 

of change so that new ways of improvement can be introduced and executed.  

Monitor and Analyze improvement: to monitor and whole execution and analyze the 

improvement activities so that some positive results can be expected in the end 

result.  

SPI understanding: it is important to understand the steps involved and execution of 

software process improvement so that current processes can be identified, evaluated 

and then can be improved with proper understanding and expertise.   

 

6.2. Contribution 
A systematic review is performed which identifies and prioritize the factors affecting 

software process improvement during change. The systematic review selects the 

literature from the year 1997-2007 to see the latest research regarding factors 

affecting SPI especially when organization is having a change. Firstly, the review 

shows the ten identified factors in ten recent years based on the literature reviewed 

and then the identified factors have been given priority on the basis of importance 

given by the different literatures in the form of industrial reports, surveys and case 

studies. The factors which are given more attention and focus in the literature have 

been given the highest priority in the priority table. The results of this systematic 

review can be very beneficial for better implementation of software process 

improvement in an organization while having change. Moreover, these factors can be 

used by both industry and academia for understanding the intensity, impact and role 

of identified and prioritized factors. Moreover, the identified and prioritized factors 

can be handled and dealt with more expertise to make the improvement activity 

effective and efficient in the organization. The reasons of prioritizing the identified 

factors are given below. 

 

6.3. Future Work 
More literature can be considered from the last 2-3 decades to perform a systematic 

review and a bigger list of factors can be identified and prioritized. Moreover, social, 

economical, ethical, financial, political factors can also be included in future work so 

that a beneficial and useful vast literature/research can be introduced.  
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APPENDIX A 
 

 

A.1. Background 

An important issue in software process improvement literature is that, many 

researchers talk about the factors affecting SPI activity but there is hardly literature 

available which can prioritize the factors based on any criteria but that must be 

supported by the research or different researchers. The multiple factors are available 

in the literature but there is always room left to prioritize the importance and 

intensity of such factors which can help in optimizing the software process 

improvement and change activity in an organization.  To make this task available and 

possible, this research is planned to do as a master thesis. This thesis is planned to 

identify the various factors affecting the software process improvement along with 

the change factors. Moreover, a light weight systematic review is also included in the 

thesis to validate and prioritize the identified factors which can ensure the validity 

and effectiveness of the factors. 

 

A.2. Review Question 

 Identifying factors affecting software process improvement during change. 

- Identifying the research factors affecting software process improvement 

during change. 

-  To highlight and prioritize the importance of such factors to make the 

improvement effective and efficient. 

 

Populations Factors affecting the efficiency and effectiveness of software 

process improvement along with change based on the literature 

available both from industry and academia.  

Interventions  Identifying the factors affecting the software process improvement 

and assign the priority so that the importance of the factors can be 

evaluated 

Outcomes Identified and prioritized factors affecting software process 

improvement 

Study 

designs  

Case studies, experiments, surveys, etc.  

 

 

A.3. Search Strategy 

Search strategy is based upon the search terms and databases used to search the 

primary studies for systematic review.  

- Search terms 

1. Change factor(s) in software process improvement 

2. Factor(s) of change in software process improvement 

3. Factor(s) during change in software process improvement 

4. Factor(s) affecting change in software process improvement 

5. Organizational change factor(s) in software process improvement 

6. Identifying change factor(s) in software process improvement 

7. Change in software process improvement 
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- Databases used 

1. ELIN@BTH 

2. IEEE 

3. ACM 

4. INSPEC 

5. GOOGLE 

6. SCIENCE-DIRECT 

 

A.4. Study Selection 

It is based upon the primary study selected and rejected for the conduction of 

systematic review. The study selection is divided into two parts i.e. study inclusion, 

study exclusion.  

 

- Inclusion 

In inclusion all those studies are mentioned which are included as primary studies 

and these studies are also helpful in performing the systematic review. Moreover, all 

these articles provide a useful and beneficial literature to understand the factors 

involved in software process improvement change. All kind of literature has been 

included containing case studies, experiments, surveys, experiments etc. In addition, 

studies related to industry and academia has also been included.    

 

[P1] Mathiassen, Lars., Ngwenyama, Ojelanki K., Aaen, Ivan., „Managing Change in 

Software Process Improvement‟, IEEE  2005. 

 

[P2] Moitra, Deependra., „Managing Change for Software Process Improvement 

Initiatives: A Practical Experience based Approach‟,  John Wiley & Sons, Ltd. 1998. 

 

[P3] Stelzer, Dirk., Mellis, Werner., „Success Factors of Organizational Change 

in Software Process Improvement‟, John Wiley & Sons Ltd., 1999 

 

[P4] Dorenbos, David., Combelles, Annie., „Lessons Learned around the World: Key 

Success Factors to Enable Process Change‟, IEEE 2004. 

 

[P5] Rainer, Austen., Hall, Tracy., „Key success factors for implementing software 

process improvement: a maturity-based analysis‟, Elsevier, august 2001. 

 

[P6] Rainer, Austen., Hall, Tracy., „A quantitative and qualitative analysis of factors 

affecting software processes‟, Elsevier March 2002. 

 

[P7] Baddoo, Nathan., Hall, Tracy., „De-motivators for software process 

improvement: an analysis of practitioners‟ views‟, Elsevier Science Inc., 2002 

 

- Exclusion 

In exclusion all those studies are mentioned which are excluded from primary studies 

and these studies are also helpful in performing the systematic review.  

 If the study/literature does not satisfy the searching criteria it has been excluded 

from the studies. 

 If the abstract, introduction and conclusion do not satisfy or qualify the selection 

criteria, the literature is also excluded from selection.  
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1. Dybå, Tore., „Factors of Software Process Improvement Success in Small and 

Large Organizations: An Empirical Study in the Scandinavian Context‟, 

Helsinki, Finland, ACM 2003. 

2. Allison, I., Merali, Y., „Software process improvement as emergent change: A 

structurational analysis‟, ELSEVIER, 2007. 

3. Dalcher, Darren., „Design for Change: One Step at a Time‟, Wiley InterScience, 

2007. 

4. El Emam, Khaled., Goldenson, Dennis., McCurley, James., Herbsleb, James., 

„Success or Failure? Modeling the Likelihood of Software Process 

Improvement‟, United States Department of Defense, 1998 

5. Iversen, Jakob., Nielsen, Peter Alex., Norbjerg, Jacob., „8 Problem Diagnosis 

Software Process Improvement‟. Aalborg University, Denmark., Technical 

University of Denmark, Denmark. 

6. El Emam, Khaled.,  Madhavji,  Nazim H., „Introduction to Special Issue on 

„Organizational Change in Software Process Improvement‟, John Wiley & Sons, 

Ltd., 1998. 

7. Jones, Lawrence G., „Software Process Improvement and Product Line Practice: 

Building on Your Process Improvement Infrastructure‟, SEI, 2004. 

8. Kandt, Ronald Kirk., „Ten Steps to Successful Software Process Improvement ‟, 

Jet Propulsion Laboratory, 2002. 

9. Thomas, Dave., „Agile Programming: Design to Accommodate Change‟, IEEE, 

2005. 

10. Bach, James., Patents, Smart., „The Highs and Lows of Change Control‟, August 

1998. 

11. Lam, W., Shankararaman, V., „Managing Change in Software Development 

Using a Process Improvement Approach‟, IEEE, 1998. 

12. Umarji, Medha., Seaman, Carolyn., „Predicting Acceptance of Software Process 

Improvement‟, HSSE, ACM, May 16, 2005.  

 

A.5. Study Quality Assessment 

- Is the primary study relevant to the research which is being done by the researcher? 

- Are the studies providing the enough information to draw out the results which will 

be beneficial for this systematic review?  

- Is the change identifying and reflecting some factors which are necessary to deal 

with in the process improvement. 

- Are all studies selected without any favour of the selector in order to make this 

review neutral and positive? 

- Are all selected studies giving any productive results when combined and reviewed 

all together? 

- Are studies conducted according to the predefined pattern as described in 

performing a systematic review? 

- Is biased behaviour has not been used by the reviewer?  

 

A.6. Data Extraction Strategy (data extraction form) 

- General information 

Publication year 

Title 

Author(s) 
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- Specific information 

 

Study  

Industrial  

Academic 

 

Research type 

  Case study 

Survey 

Experiment 

Action research  

Participants  

Professional 

Students 

 

Validity threats and biases 

Reported 

Not reported 

Information available 

No information  

Partial information 
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