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1.0  Introduction 

Systematic literature review (SLR) is nowadays gaining interest 

of many researchers in so many fields; software engineering is not 

an exception. SLR gives you an in-depth knowledge in a particular 

field, the previous work and solutions carried out on a particular 

topic, success stories, drawbacks and future research trends in the 

topic at hand. It is quite not much being practiced in the field of 

software engineering, and until now, there is only one guide on 

performing SLR in software engineering that was compiled by 

Kitchenham early 90’s, which was adopted from medical field SLR 

guidelines [1, 2].  

Software engineering is a field dealing with the production and 

enhancement of traditional practices to systems and more 

technologically wise applications, simplifying methods, approaches 

and boosting business processes by saving time, human labor, and 

cost reduction and other resources. It is now the backbone and entity 

of existence of systems and services. Due to this high importance 

attached to software and systems, it is deemed necessary to measure 

and quantify the process of its development, evaluate the steps and 

the products, and find ways to improve and simplify the production 

proc 

 

 

process. This will eventually lead to proper utilization of resources, 

increase market competition.[3, 4].  

Measurement is a field and a process attributed to finding the 

quality, by setting up questions that will help in evaluating the 

quality and set-up metrics/steps that must be used in order to achieve 

the measurement process. It is used in characterizing, evaluating and 

predicting software entities, including products, process and 

resources in order to assess, monitor, control, and improve quality, 

accuracy of estimation and productivity. Tom DeMarco said “You 

cannot control what you cannot Measure” [2, 3]. There are so many 

definitions of measurement. However ISO/IEC defines 

measurement as “a process for establishing, planning, performing 

and evaluating measurement, within an overall project, enterprise or 

organizational measurement structure[4]”. Therefore, software 

industries are implementing measurement programs as part of their 

development processes.  

However, developing measurement templates require the 

software industries to follow and adopt certain standards for 

consistency and continuity. In planning the measurement process, 

most of the industries use standards like: “ISO/IEC 15939 (2007), 

ARTICLE INFO    

History :  

Received: 1st May, 2022 

Accepted: 5th June, 2022 

Received in revised form: 

 10th July, 2022 

Published: 28th August, 2022

 
Keywords 

 

Component, Database, Data 

extraction, Software evaluation, 

Software metrics, Search process, 

Software process Improvement. 

 

 

ABSTRACT 
Software process improvement and estimation is a vital issue in IT and software industries, by 

drawing attention of developers and system analyst to wonder on how to improve quality and 

productivity of the products. Currently, SLR on empirical studies of agile software development 

are few results found discussion specifically about process improvement, rather they only 

presented suggestions on self and quality improvement. The studies on software process 

improvement will address the issues regarding success stories, factors and barriers for assisting 

companies towards implementing software. The objective of this study is to comprehensively 

conduct a review of several available techniques, models, frameworks and approaches for 

“software process improvement”, software evaluation, and software process validation, success 

stories, problem and challenges encountered along the line. As a result, Systematic Literature 

Review (SLR) method was used on 47 selected primary studies were reviewed and thoroughly 

analyzed. It was realized that there is high demand to develop more techniques that are very 

specific to software process improvement and estimation for quality and productivity of the 

products. From mare analysis and our readings of the selected articles were found that 60% of the 

articles are industrial reports and about 20% are case study researches, while others constitute the 

remaining 20%. However, the distinction between case study research and industrial reports, by 

considering the study was planned empirically and been carried out with clear research goals and 

questions alongside with metrics/measure. 
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CMMI, ISO/IEC 25021, ISO 9126 standard family and ISO/IEC 

14598-x [4],” and the use of procedures which are based on their 

experiences, heuristics (like Nelson 10 heuristics), and company’s 

goal, standard or guide, planning models, tools, stakeholders 

involved in inputting or making use of data [7, 8].   

Implementation of measurement processes has been a challenge 

for the past number of years as reported by Briand et al. in the year 

(1996). They found that measurement process is lacking clear 

objectives, sustainability, valid measurement instruments, resource 

utilization and proper budgeting. They also realized most of the 

measurement processes could not stand for more than two years [6]. 

But they are able to find out that the reasons for the failure to be lack 

of relationship between the measurement process and business goals 

of the particular organization, the organizational transactions, and 

poor merging of the measurement process and corrective actions in 

overcoming the issues at hand. On the other hand, Basili and his 

team found that: Metrics should be very sound, and the data.  

Collected must be a complete one, should also be consistent 

with users requirement and goals, which are hint for making a good 

measurement process. Importance of measurement process, have 

been highlighted by Kitchenham. Measurement/metrics are to be 

formalized as part and person of development process in any given 

Software Company. Factors like: measurement patterns, tool 

support, GQM oriented metrics, are presumed to be keys to 

successful implementation of measurement process in software 

development process [7]. 

There are a number of techniques, methods, and models for 

software estimation, process improvement and software evaluations 

in literatures. It is now very popular that most measurement 

algorithms are based on GQM (goal-question-metric). Others 

include, Goal question indication metric (GQIM), goal argument 

metric (GAM), and Measurement information model found in 

ISO/IEC 15939:2007. Researchers raised the need for enhancing 

and extending the existing techniques and models due to the 

weaknesses realized in the models. In this article, SLR on software 

process improvement and estimation is represented, where a lot of 

publications were gathered on: Software evaluation, software 

process improvements, and software estimation, details will be 

found in the next section. So, for the purpose of this study, the 

following research questions were formulated:  

 

RQ1: What techniques, methods and models are available in the 

literature, concerning: software evaluation, software improvement 

process and software estimation?  

RQ2: What are the challenges, problems faced by the existing 

techniques? 

RQ3: What are the recommendations from the literature suggested 

to improve software improvement and estimation process? 

RQ4: What are the factors will lead to failure in the future research? 

 

In general, SLR are meant to give a researcher a deep 

information/knowledge on existing problems/solutions, related 

work and research trend on the topic at hand, for further 

enhancement and improvement. Hence, this study is also not an 

exception to that. In addition, recommendations and some useful 

information will be found in the appendix tables. The provided 

research questions will assist the future researchers in identifying 

the critical areas, challenges in the aspects of software process 

improvement (SPI) and estimation for product quality. 

 

2.0 Related Works 

This section describes the summary of related work regarding 

software improvement and software estimation which are closely 

related to the research. Danh Nguyen-Cong and De Tran-Cao, 

conducted an SLR on Effort Estimation Studies in Agile, Iterative 

and Incremental Software Development. Their aim was to find 

research and common trends, the existing gaps and 

recommendations for further research. Which found that there is a 

need for an in-depth research on estimating effort, analyzing the 

effects of previous and recent project data, the use of standard, use 

of composite model, and further empirical and validation of model 

on Agile, Iterative and Incremental Software Development Process 

[3]. 

 A.K.M. Moinul Islam and Chow KianCheng conducted an 

SLR on: Evaluation and Measurement of Software Process 

Improvement. They defined software process improvement as: “a 

systematic approach to increase the efficiency and effectiveness of 

a software development organization and to enhance software 

products [38]”. They Identified: “Seven distinct evaluation 

strategies, wherein the most common one, as “Pre-Post 

Comparison,” being applied in 49 percent of the inspected papers. 

Quality was the most measured attribute (62 %), followed by Cost 

(41 %), and Schedule (18 %). By looking at measurement 

perspectives, “Project” represents the majority with 66 percent [3]”. 

They concluded by saying that the challenges of software process 

improvement have to do with some confounding factors including 

pre-post comparison, in accurate description of the context of the 

evaluation. And measurement/metrics to evaluate short and mid-

term effects of software process improvements initiates is prevailing 

whereas the long-term measurements with respect to customer 

satisfaction and ROI (return on investment) is not prevailing[11-13].  

Marco Kuhrmann and Philipp Diebold conducted studies on the 

topic: How Does Software Process Improvement Address Global 

Software Engineering? The studies was carried out on 30 articles, 

and their findings showed that the analyzed papers delivering 

substantial discussion of cultural models and how to improve the 
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models can be used to address better the software process 

improvement process programs which are in a multi-national 

environments. They also found out how agile approaches should be 

implemented in companies operating in a global scale. At the end, 

they presented success stories, factors, and barriers for assisting 

companies towards implementing software improvement process 

and the context of global software engineering [10]. 

Célio Santana and Fabiola Queiroz conducted an SLR on: 

Software Process Improvement in Agile Software Development. 

They identified and characterized software process improvement in 

an agile environment through SLR with about 423 published articles 

within the range of 2001-2003, characterized according to SPI 

aspects, where by distinct approaches of agile software process 

improvement were identified, and the most popular one’s is found 

to be “traditional approaches of SPI in agile environment”, however 

there are novel approaches like improving of people’s behavior and 

practices as innovative in SPI considerations. Lastly they presented 

an argument on: “what are the roles of SPI in a context with people 

and interactions are more valued than process and tools? [2-16].  

Dyba and Dingsoyr performed an SLR on empirical studies of 

agile software development and not much result are found talking 

specifically about process improvement, rather they only presented 

suggestions on self and quality improvement. They also conducted 

another SLR on 12 “agile software development and suggested that 

many aspects, such as, process improvement still needs further 

research [2-18].  

Unterkalmsteiner and his team conducted an SLR identifying 

and characterizing measurement techniques and evaluation 

strategies which are used in assessing the impacts of different SPI 

initiatives. And: “They found seven distinct evaluation strategies, 

whereas the most measured attribute was Quality (62%), and 

followed by Cost (41%) and Schedule (18%). They conclude that 

evaluation validity of SPI initiatives is challenged by the scarce 

consideration of potential confounding factors and the inaccurate 

descriptions of the evaluation context. Measurements to assess short 

and mid-term impact of SPI initiatives prevail, whereas long-term 

measurements tend to be less used [2-20]. 

 

3.0 Systematic Literature Review 

Planning the SLR: The SLR was planned, and shall see in the 

following steps, described in details 

Reason for the SLR: The reason and essence for conducting 

this study is to gather and examine various literatures in the past and 

at the recent time discussing on: software process improvement, 

software estimation and measurement, software evaluation, and to 

explore the success and issues/problems found along the line, and 

lastly to suggest and give a roadmap for future research in the field. 

The Search Strings: The following search terms were used in 

looking up related work, journal articles, conference papers, books, 

and magazines talking about: software, evaluation, process 

improvement, estimations, and measurement.  

The phrases are: (“Software Metrics + Software 

Measurement”), (Software Process improvement AND Evaluation), 

“Software Process Improvement” AND Systematic Literature 

Review), (SLR + Software Metrics), (“Systematic Literature 

Review in Software Process Improvement), (Evaluating software 

development process and Improvements”), (Software Estimation 

Techniques and Process), (Software Metrics AND Systematic 

Literature Review). 

In either case, the articles were selected based on the titles, 

abstract, introduction, conclusion, findings and future research 

recommendations, year of publication, and the language used (in 

this research, only articles published in English language were 

considered). And also, verified that no same publication being 

published in more than one journal and no two publications bears 

the same title, but one author can be found having two or more 

publications, which are related and being the continuity of the 

previous publication or article, as this practice is well accepted by 

the research world.  

Methodology/flow for the SLR: Figure 1 shows the SLR 

process methodology/flow. 

 

 
Figure 1. The SLR Process flow/methodology [11] 

 

Research Questions: Table 1 below shows the research 

questions for this study, and the motivations behind choosing or 

formulating them: 
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Table 1.  The Research questions and the motivations 

ID Question Rationale behind 

RQ1 What techniques, the 

methods and models 

available in the 

literature, concerning 

software evaluation, 

software improvement 

process and software 

estimation? 

To understand the state of 

art in Software process and 

improvement, estimation 

and evaluation from the 

literatures selected. 

RQ2 What are the challenges, 

problems faced by the 

existing techniques? 

Here we need find and 

examine the problems and 

issues with the current 

techniques and see how 

they are tackled. 

RQ3 What are the 

recommendations from 

the literature suggested 

to improve software 

improvement and 

estimation process? 

In here, we shall be 

gathering all 

recommendations made by 

authors of the respective 

selected studies in a 

compressive manner and to 

make a summary of all. 

RQ4 What factors lead to 

failure, and how to avoid 

them in future research? 

To obtain the causes in 

order to take solution 

measure. 

 
Search Process: The appropriate search terms are used in 

selecting and finding the primary study articles.  Hence, by 

including the term “Software engineering”, from a single reasonable 

article obtained, ten others can be obtained from its references and 

cited-by list. On the other hand, attention was made in the research 

questions, due to the fact that the SLR is determined to answer them. 

The synonyms, and alternatives of the key terms were also 

considered, the use of logical terms like: AND and OR were also 

applied.  

Database Consulted: The databases consulted are the most 

common electronic journals and articles repositories, including: 

Google search, Google Scholar, the ACM Digital libraries, Springer 

link, (and other Springer databases) Science Direct, Web of Science 

(that is ISI), IET libraries, and some other university library articles 

and books within the context of software measurement. For every 

single search, there are many found result of which we selectively 

downloaded randomly for screening at inclusion and exclusion stage 

as will be explained next. However, the articles are mixed up that’s 

to say the set of primary selected studies includes: journal articles, 

book chapters, and presentation and conference proceedings. 

The Exclusion Criteria: Reports that were made in languages 

other than English were excluded, studies with complicated 

mathematical formulas and thus difficult to be understood, are also 

excluded. Therefore, all irrelevant journal articles, book that are 

outside the scope of software engineering weren’t considered.  

The inclusion criteria: These are the criteria used in selecting 

the primary most relevant paper. Specifically the work focused on 

articles/papers dealing with our outlined research questions, and 

relevant to process improvement in software development, software 

evaluation, and software metrics. The following are the more 

specific criteria for inclusion in the primary studies. 

a. The general criteria are: 

 The studies are either; reviews, SLR, or in measurement 

domain 

 The study is relevant and related to domain of software 

evaluation, metrics, or estimation 

 The study included a kind of data, experiment, survey, 

or statistical representation. 

b. Criteria which are in-line with research questions: 

 The study might have/contain analysis result, 

measurement and planning models, tools or practices 

 The study might have highlighted about 

problems/challenges, and suggested possible solution 

 Road map for future research. 

 And within 2010-2016, however there may be few 

articles out of the range, but found relevant to the 

studies. 

 

Assessment/Quality of the primary studies: In conducting 

SLR one need to select quality papers found in recognized database 

(IEEE, Science Direct etc.), which will help in conducting a good 

SLR report. For example: are the aims and objectives of the studies 

clearly presented? Are the findings applicable to academics or 

industrial perspectives? Is there good relationship between the 

research questions and the contents of the paper? And lastly were 

the findings in-line with the objectives of the study? 

Data Extraction: At this stage a table was used that contained 

the primary studies, showing: Author, title of the paper, the model 

being proposed, and recommendations with personal remarks on the 

relevancy of the research. Hence the studies are either: Case study 

(dealing with particular area or concept), Industrial Report (from a 

particular industrial work), Experiment (performed on a particular 

subject), Action research (with clear goals and well defined 

methodology as in academics), and Survey research (here the use of 

data or sample is required). 

 

4.0 Conducting the SLR 

Below are the search and the selection process for the primary 

performed studies as illustrated in the Figure 2. 
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Figure 2. The Search and the selection process for primary 

studies[4] 

 

However the figure only shows number of articles and conference 

papers, but classification and sources of the articles are given in the 

following Table 2, (Search engines, Journals consulted, and 

conference papers are as shown in the table). 

NB. Book chapters, magazines and are not included. 

 

Table 2.  Primary study search, Journals and Databases 

S/N 

Journal 

Name/Database 

name 

No. of Articles on 

search 

1. Springer 1000 

2. IEEE 1300 

3. Science Direct 400 

4. ACM digital library 50 

5. Google Scholar 1450 

6. Scopus 38 

 

N.B the table above shown the primary search journals and database 

which were used according to different range of years. Sometimes, 

it can even get zero result, which can be due to the search term used.  

At long run, the number reduced as selection for relevancy and the 

criteria for inclusion and exclusion paying attention to the range of 

years (2010-2016, however few others can be found out of the 

range). The number go on and on reducing until 37, and later 10 

more potential ones were obtained in the citations and reference list 

of some papers. However we shall see the classification of the 47 

finally selected primary studies, as to whether they are: journal 

publications, conferences, and other sources of articles and reports. 

At firstly, let’s see the distribution of our selected articles, over the 

years: see the bar chart below: 

 

 

Figure 3. The Distribution of primary studies in the span of years 

 

From mare analysis and our readings of the selected articles we 

found that 60% of the articles are industrial reports and about 20% 

are case study research, while others constitute the remaining 20%. 

However, the distinction between case study research and industrial 

reports, by considering the study was planned empirically and been 

carried out with clear research goals and questions alongside with 

metrics/measure (the GQM approach), most of the studies are 

dealing with software process estimation and on process 

improvements. However in either case we focused on the 

context/scope, the specific problems and experiences, talking about 

success stories, causes of failure or factors, other challenges faced, 

and suggestions on improving their GQM for the betterment and 

improvement of quality in their products. There are actually few of 

the articles that compared the software process measurement, 

estimation, and improvement with available tools, models or 

practices [3, 9, 21, 22]. The reason might be that some studies many 

studies are lacking clear concept description like: the organization 

involved, business they do, the size, and skills of its staff, and lastly 

productivity, robustness and stakeholders. In addition, what are the 

measurement details, time frame, methodology for analysis 

(automated or manual), relationship between the measurement 

process and the activities improvement, Hence, this is a serious 

drawback on making software process improvement a success. 

There is a need for standardization and definition of steps and 

qualities expected and targeted to boost effective and reliable 

software products resulting from the improved standardization of 

measurement and estimation processes. You may also find some 

studies lacking a clear and defined research approach, method or 

technique, but personal structuring or a mere reporting (no tools, no 

charts, tables or any statistical representation) [5, 7]. Now, the 
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answers will be presented to our research questions, which are the 

purpose of this SLR, and based on the studies with mere analysis on 

the collected journal and conference articles and papers 

respectively. 

 

RQ1: What techniques, the methods and models available in the 

literature/publications, concerns: software evaluation, software 

improvement process and software estimation? 

RQ2: What are the limitations of the existing techniques? 

To outline the techniques, methods/approach, purpose, 

measurement entity focus, area where it is applied, and the 

limitations/challenges. We deemed it necessary to have our findings 

result presented in a tabular format, bearing the above listed stuffs 

as the headings/titles of respective columns. In either case we tried 

to cover research questions RQ1 and RQ2 in the same Table, and 

the table is in such a way that it is classified based on: Software 

Process Improvement, Software Estimations and however, it is too 

large to be placed in here, therefore, it will be found in the appendix 

section. 

Toward discuss on software Process Improvement: Software 

process Improvement (SPI): Here there are a lot of measurements 

and planning frameworks/models for software process 

improvement, example: The QIP framework/model which defines 

an approach admitting the use of goal question metric, in the 

improvement of software development process which are applicable 

to organizations and projects. Another one is the AMI model 

proposed with similar objectives as the QIP but specific to CMMI. 

The approach comprises of four basic steps including [2, 15]. 

a. Assess [analyzing problem assessment with relevant goal 

definition]  

b. Analyzing [what are the GQM for the identified problem?] 

c. Metric [data collection and analysis] lastly, 

d. Improvement [what are the comparison between the 

planned and the actual [1]”. 

However, OPEN approach was proposed to effectively utilize the 

GQM and the CMMI models. See the Table.  

RQ3: What are the recommendations from the literature 

suggested to improve software improvement and estimation 

process? 
Furtado and Oliveira (2012), recommend development of 

framework software acquisition and related services, in-line with the 

recommendations and good practices of the existing models for 

process improvement. Matalonga & Feliu (2011), recommended 

that training is an effective tool for institutionalizing and improving 

software development process. Cheng, et.al, (2012), recommended 

that the SE development process should focus more on 

user/customer satisfaction by involving the users in the process and 

to pay attention on ROI (return on investment). Elham, et al. (2014) 

suggested that classification of software projects should “be based 

on underlying attributes to localize the development effort 

estimation process in a widely used model called analogy-based 

estimation (ABE) [33]. 

 

RQ4: What factors lead to failure and how to avoid them in future 

research? 
There are so many factors and reasons leading to software 

failure, which are at the result of the process failure. The following 

are some of the factors obtained from the literatures: 
a. Unrealistic or un articulated process and in turn project 

goals, 

b. In accuracy in the estimation of required resources, 

c. In appropriate definition of system and process 

requirement, 

d. Lack of proper documentation of achievement, progress 

and status information, 

e. Lack of defined measure for managing risks 

f. Poor communication between users and developers, that is 

the development process does not adopt user-centered 

approach, 

g. The use of immature or outdated technology, 

h. The inability of the team to handle the projects complexity, 

in other words: lack of defined metrics for handling project 

complexity, 

i. The adoption of sloppy development practices, 

j. Poor project management, 

k. Politics from the stakeholders and personal of interest, and 

lastly, 

l. Commercial and business pressures.  

 
These are the most common factors leading to software process 

failure, and on the other hand, avoiding all the aforementioned could 

lead a correct, accepted software development process improved, 

and will yield a qualitative and correct product. There are many 

other factors that are not covered here. Whenever software fails it’s 

grossly affect the organization, individual, company, country or any 

field where it was used. It leads to loss of resources, if not loss of 

lives, depending on the area of its application. 

Conclusion 

In conclusion, this study on software process improvement and 

estimation will address the issues regarding success stories, factors 

and barriers for assisting companies towards implementing 

software. Therefore, this work has result in identifying the areas 

were need to improve quality and productivity of the product. 

Hence, all the stated objectives were achieved through the 

formulation of the research questions. In which systematic literature 

review was conducted with about 47 selected based studies were 

observed.  It was realized that there is a high demand to develop 
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more techniques, which are very specific to software process 

improvement and a tool for estimation and evaluation of software 

improvement process. 
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