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ABSTRACT 

 

Software certification involves assessing and certifying the quality of the software 

process based on multiple evaluation criteria where each criterion has different 

importance values on the quality of the software. However, the different importance 

values of the evaluation criteria have not been addressed in the existing software process 

certification models. A systematic technique is needed to ensure that the certification 

results are consistent, accurate and not made arbitrarily. To address this issue, the 
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Extended Software Process Certification (ESPAC) model was introduced by adopting the 

Analytic Hierarchy Process (AHP) technique to determine the priorities of the evaluation 

criteria. There were three main phases in this study: (a) theoretical study, (b) expert 

review and (c) focus group discussion. Ultimately, a mutual agreement was achieved 

about the evaluation criteria and the AHP was shown to be a suitable technique to be 

employed in software process assessment and certification. Furthermore, the acquired 

priorities were used as the ideal priorities for the ESPAC model, which can be used by 

assessors during the assessment and certification process. The outcome of this study 

benefits researchers in the AHP and software process assessment fields.  

 

Keywords: software engineering; software certification; ESPAC model; priority; 

Analytic Hierarchy Process 

 

 

1. Introduction 

The need for software in today’s world is constantly on the rise and its usage has become 

more critical than ever in every domain. Therefore, software developers must be able to 

produce high quality software in a shorter time to market and rapidly react to changing 

requirements in order to compete in today’s business environment. However, although 

software developers claim that they produce high quality software, customer 

dissatisfaction still exists. This is evidenced by continuous reports of software failures 

that have affected various industries like banking, airlines and even social media 

platforms (ComputerWorldUKStaff, 2020). These incidents have caused huge loss and 

disruption of services. Jones and Bonsignour (2012) found that the software failure rate is 

among the highest compared to other products in recorded human history. Also, a study 

conducted by The Standish Group discovered 71% of software projects were failures or 

were being challenged in 2015 (Meier, 2017).  Concern about the quality of software has 

triggered doubt among customers, particularly in terms of investing in such projects.  

 

One way to satisfy customers’ requirements on the quality of software is through 

certification (Ferreira et al., 2019; Pietrantuono & Russo, 2018; Voas & Laplante, 2018; 

Darwish, 2016; Baharom et al., 2011; Heck et al., 2010). Certification is the process of 

giving a written assurance that a process, product, or service complies with a criterion 

and is performed by a third party (Rae et al., 1995). Through software certification, 

customers can have greater confidence in the quality of the software that they are going 

to invest in because certification involves independent assessment; therefore, it is 

assumed that the risk of failure is reduced (Rae et al., 1995; Sun-Jen & Wen-Ming, 

2006). A study conducted by Baharom et al. (2005) with software practitioners in 

Malaysia discovered that software certification is certainly required to confirm the quality 

of the software. More recently, Ferreira et al. (2019) and Pietrantuono and Russo (2018) 

highlighted the importance of certification. 

 

According to Voas (1998), the three approaches to certify software’s quality are process, 

product, and personnel. Studies by Heck et al. (2010) and Yahya (2007) focused on the 

product approach. Similarly, Gualo et al. (2020) worked towards certification of the 

functional suitability for master data management applications. Nevertheless, the quality 

of newly developed software cannot be immediately determined by using the product 

approach because the software needs to be used for a period of time before the quality 

can be determined (Baharom et al., 2011; Heck et al., 2010). It is different with the 
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process approach, where the software process is assessed from the beginning of the 

software development. This enables customers to know the capability of an organization 

to produce high quality software, which will then help them decide whether to invest or 

not in any of the software development projects. In essence, as mentioned by Voas and 

Laplante (2018), the best way to certify a software product is through its process. The 

software process is a “set of activities undertaken to manage, develop and maintain 

software systems in order to produce a software system, executed by a group of people 

organized according to a given organizational structure and counting on the support of 

techno-conceptual tools” (Acuna et al., 2000, p.1). The underlying idea behind this is that 

by having a well-defined certified development process, the produced software will be of 

a guaranteed quality. As highlighted by Deming (1982) and Humphrey (1989), the 

quality of the end product is determined by the quality of the process employed to 

produce the product. Therefore, by using the process approach, customers are assured 

that the software process has been implemented effectively and efficiently.   

 

A considerable amount of literature has been published on models and standards that 

perform assessments on the quality of the software process, for example, the Capability 

Maturity Model Integrated (CMMI) (CMMI Institute, 2018) and ISO/IEC 15504 (Mas et 

al., 2012; Galin, 2004). However, as indicated by Acuna et al. (2000) the aim of these 

existing models and standards is more to assess and improve the software process rather 

than provide a mechanism for certification. Therefore, Baharom (2008) developed a 

certification model that assesses the software process known as Software Process 

Assessment and Certification (SPAC). However, the existing models are more concerned 

with the conventional software development process, which emphasizes that each phase 

of software development must be completed before going on to the next. The 

requirements in the early stage of software development must be completed before 

moving onto design, coding and testing. This type of software process also focuses on 

producing documentation (Sommerville, 2007). However, to survive in today’s business 

environment which demands high quality and secured software, incorporating Agile and 

secure software processes has become essential in order to produce higher quality 

software faster (Ansari et al., 2018; Pressman, 2010; Sommerville, 2007).  

 

Therefore, the existing software process and the certification model are enhanced by 

incorporating the Agile and secure software development processes. The enhanced model 

is the Extended Software Process Assessment and Certification model (ESPAC) (Packeer 

Mohamed et al., 2015). Moreover, the existing software process certification models and 

standards also lack an appropriate synthesis technique. Baharom (2008) observed that the 

priorities of evaluation criteria are not considered in the existing software process 

certification models and standards. Priorities of the evaluation criteria need to be 

considered especially when it has been conclusively shown that an assessment involving 

multiple criteria will have different importance. Therefore, these criteria should be 

prioritized (Saaty & De Paola, 2017; Saaty, 2008). Additionally, the process of assigning 

priorities to the evaluation criteria is significant, particularly when qualitative information 

is needed from the decision-makers (Triantaphyllou & Mann, 1995). Despite its 

importance, little attention has been given to the consideration of priorities for the 

assessed criteria in existing software process assessment and certification. Consequently, 

this issue was addressed in the ESPAC model in order to produce more consistent and 

better quality certification results. The software process is assessed based on five main 

criteria, namely process, people, technology, project constraints, and working 
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environment. These factors are further decomposed into sub-factors and evaluation 

criteria. The Analytic Hierarchy Process (AHP) was employed as the synthesis technique 

to obtain the priorities for the evaluation criteria in the ESPAC model (Saaty & De Paola, 

2017; Saaty, 2008; Saaty, 1990). 

 

The AHP is one of the most outstanding multi-criteria decision-making (MCDM) 

techniques. It provides a mechanism for decision-makers to break a problem into a 

hierarchy, prioritize the evaluation criteria and find a suitable solution for the problem. 

Unlike other MCDM techniques, the AHP is rooted in determining the priorities of 

criteria (Saaty & De Paola, 2017; Saaty, 2008; Saaty, 1990). The main benefit of utilizing 

the AHP technique is that it offers systematic steps to synthesize information through a 

structured hierarchy. The hierarchy contains the criteria and the sub-criteria, which can 

help decision-makers understand and simplify a problem by providing better focus during 

the priority allocation for both the criteria and the sub-criteria (Ishizaka & Labib, 2011). 

This is the advantage gained in this study as it involves numerous factors, sub-factors, 

and evaluation criteria. Furthermore, by using the hierarchy, the criteria are 

systematically organized. In addition, with the use of the AHP, judgment accuracy can be 

improved because by integrating relative numbers, there should be no or only minimal 

loss of accuracy (Crostack et al., 2007). More importantly, this technique is appropriate 

for group decision-making because it allows favorable agreement among the group 

members (Marjani et al., 2012; Lai et al., 2002). This is important as the study involves 

group decision-making to determine priorities. Above all, the judgments made in the 

AHP are more accurate and consistent as this technique provides a mechanism to test the 

consistency of the judgements. Considering the aforementioned advantages, this study 

adopted the AHP as its synthesis technique. The seven steps involved in implementing 

this technique will be explained later. Even though the AHP has been used widely in 

various areas, this technique has not been applied in the field of software process 

assessment and certification, and therefore this study contributes to this field of study. 

 

This paper describes the AHP in Section 2 and the methodology of the study in Section 3. 

A thorough explanation of the priority determination using the AHP is in Section 4. The 

outcomes of the AHP implementation through the focus group discussion is in Section 5 

and ends with the conclusion. 

 

 

2. Analytic Hierarchy Process 

Many techniques can be utilized to make decisions that involve multi-criteria. One of the 

most utilized techniques is the Analytic Hierarchy Process (AHP) (Saaty & De Paola, 

2017; Saaty, 2008; Saaty, 1990). This technique enables decision-makers to represent 

decision-making problems, which involve multiple criteria in a hierarchy, commonly 

comprised of three levels. The first level refers to the overall goal for a problem, the 

second level represents the evaluation criteria, and the third level is comprised of various 

alternatives. However, in this study, the hierarchy only contains the goal and several 

levels of evaluation criteria because it does not involve making decisions from among a 

number of alternatives. The priorities are obtained through pairwise comparisons, which 

are performed among the evaluation criteria of each level. Then, a normalized ranking is 

obtained by applying the Eigen value method. Other simpler methods that can be used 

include the normalization of row average (NRA), normalization of the reciprocal sum of 
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columns (NRC), average of normalized columns (ANC), and normalization of the 

geometric mean of the rows (NGM) (Hsiao, 2002). This study adopted the NGM method.  

 

The AHP has been applied extensively in various areas such as selection, ranking, and 

evaluation. For example, Baidya et al. (2018) applied the AHP to select the most 

appropriate maintenance technique in manufacturing by considering the strategic, 

planning and operational criteria, while Ali et al. (2018) utilized the AHP to rank suitable 

sites for wind farm installation using multiple criteria. Kumari and Shylaja (2019) 

utilized the AHP in the routing protocol. Al-Tarawneh (2014), Kunda (2003), Zhou and 

Liang (2013), and Chen et al. (2013) evaluated the component-based software, the 

network course in China, and the potential outsourcing partner, respectively. Padumadasa 

(2009) utilized the technique to select and evaluate tenders, while Kumar et al. (2019) 

applied the AHP to assess the quality of soil. More recently, Moradi (2022) applied AHP 

with Balanced Scorecard and TOPSIS to evaluate the performance of university faculty. 

 

In the field of software process assessment, the AHP has been utilized for software 

process improvement (Jung, 2001). This technique has also been widely used in 

combination with other multi-criteria decision-making techniques. For example, the AHP 

has been applied with PROMETHEE, TOPSIS and WSM (Mokhtar et al., 2017). Animah 

and Shafiee (2019) applied the AHP with PROMETHEE to select the best strategy for 

performing maintenance for shipboard machinery systems. Moreover, the AHP was 

combined with TOPSIS to determine the best fresh fruit bunches in Hambali and 

Rahman’s (2017) research. More recently, Zaidan et al. (2020) applied the AHP with 

TOPSIS to select a qualified programmer. These studies used the AHP to obtain the 

priority and continued with other appropriate multi-criteria decision-making techniques. 

Similarly, the current study adopted the AHP to obtain the priorities for the evaluation.  

 

 

3. Methodology  

This study was conducted in three main phases, namely, theoretical study, expert review, 

and a focus group discussion.  

 
3.1 Theoretical study 

In this phase, the existing literature including journals, books, proceeding papers and 

dissertations, were reviewed. The main aim of this phase was to obtain the factors that 

can influence software quality. The factors were analyzed and classified in order to form 

a hierarchy that could be used in the AHP implementation. They were classified into five 

main factors including process, people, project constraints, technology, and environment. 

Each of these factors was further decomposed into sub-factors and evaluation criteria, as 

discussed in Section 4 (Step 1). 

   
3.2 Expert review 

In this phase, the identified factors were verified through expert review. The main aim of 

this phase was to verify the factors, sub-factors and the evaluation criteria derived from 

the theoretical study. The expert review was used because of its simplicity, low cost, and 

quick completion. Moreover, it is accepted as a significant way to detect and remove 

defects (Komuro & Komoda, 2008). The following three steps were executed in the 

expert review: 
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i. Identify the experts 

The experts were chosen from among academicians (knowledge experts) by following 

the characteristics of experts suggested by Hallowell and Gambatese (2010). The 

characteristics include: (a) are currently attached to the field of the study under 

examination, (b) hold an advanced degree (PhD.), (c) are faculty members in an 

accredited university, (d) authorship, and (e) have at least 5 years of experience. 

Additionally, software practitioners were also included as experts to perform the 

verification. Their insight is important since they can give feedback based on their real 

life experience as domain experts. They were chosen using purposive sampling 

(Liamputtong, 2011). Four characteristics were used to choose the domain experts: (a) are 

Agile software practitioners, (b) have experience in secure software process, (d) have 

more than 3 years of software development experience.  

 

ii. Determine the verification criteria 

The factors, sub-factors and evaluation criteria were verified for their comprehensiveness, 

understandability, accurateness, and organization. These criteria were adapted from 

previous studies (Al-Tarawneh, 2014; Behkamal et al., 2009; Kunda, 2003). The experts 

provided their feedback via a checklist.  

 

iii. Collect and analyze the feedback 

The experts’ feedback was collected and analyzed for further improvement.   

 
3.3 Focus group discussion   

The outcomes of the expert review revealed that the factors, sub-factors and evaluation 

criteria were acceptable. These factors were used to construct the hierarchy for the AHP 

implementation. To implement the AHP, a focus group discussion was performed by 

adapting the guidelines from Martakis and Daneva (2013), Mazza and Berre (2007), and 

Kontio et al. (2008).  Focus group discussions have been applied extensively in the 

software engineering field for evaluation or gleaning practitioners’ experiences (Daneva 

& Ahituv, 2011; Mazza & Berre, 2007; Kontio et al., 2008). The most appropriate 

participants for this purpose are the software practitioners since they have vast experience 

with the software process. Three main stages were involved, as depicted in Figure 1.  

 

 

Figure 1 Focus group execution 
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Stage 1. Plan  

Proper planning was needed to conduct an effective focus group session. First, the 

objective of the focus group was determined. The objective was to implement the AHP to 

determine the priorities of the factors that influence software quality. Then, the 

participants were identified using purposive sampling based on several common 

characteristics explained in Section 3.2. The participants were solicited by phone, email 

and Facebook invitations. Next, the meeting venue was identified, which was a hotel in 

the Kuala Lumpur area as it was central for all participants. More importantly, the 

meeting room provided in the hotel was considered neutral since it did not have any 

influence on the participants, which could affect the discussion. Next, the materials 

needed for the session were prepared which included presentation slides, documents, 

cards, certificates of appreciation as well as an Excel file, which automated the priority 

calculation. Finally, the participants were contacted to remind them about the session. 

This was to confirm their attendance so that they would not miss the session and let them 

know that their attendance was important. 

 

Stage 2. Conduct 

On the planned date and time, the focus group session was organized and seven 

participants attended; this is an appropriate number of participants needed to conduct a 

focus group (Morgan, 1998). Initially, the participants were engaged in an informal 

conversation to create rapport before the discussion started. This was to make them feel 

comfortable and relaxed and help the participants get to know each other since they were 

from different companies. Next, the discussion started with some ice-breaking 

conversation within the group which further facilitated the moderator and the participants 

getting to know each other better.  This was important to build rapport and create group 

cohesion (Liamputtong, 2011). A briefing on the objectives of the focus group as well as 

the ESPAC model, the AHP technique and its implementation in the focus group 

discussion, then followed. The participants started to communicate and asked questions 

about the issues that were not clear to them. Then, the AHP was implemented.  

 

This study adopted the group AHP technique, in which decisions on pairwise 

comparisons were made as a group. To simplify the judging process in a group, the 

planning poker technique was adapted. This technique is widely used in Agile software 

development to perform task estimations among software developers (Dyba et al., 2014). 

The participants were provided with guidelines on the AHP technique and a list of 

pairwise comparisons. Table 1 shows an excerpt of the pairwise comparisons list. It 

comprises the factors in level one of the hierarchy. The participants were also provided 

with nine cards that contained numbers from 1-9 used to make pairwise comparisons. 
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Table 1 

Pairwise comparisons list for factors in level one of the hierarchy  

 

Factors Equality Scale 

Process is [more / equally/ less]  important than/to People by a factor 

of 

1 2 3 4 5 6 7 8 9 

Process is [more / equally/ less] important than/to Technology by a 

factor of 

1 2 3 4 5 6 7 8 9 

Process is [more / equally/ less] important than/to Project Constraint 

by a factor of 

1 2 3 4 5 6 7 8 9 

Process is [more / equally/ less] important than/to Environment by a 

factor of 

1 2 3 4 5 6 7 8 9 

People is [more / equally/ less] important than/to Technology by a 

factor of 

1 2 3 4 5 6 7 8 9 

People is [more / equally/ less] important than/to Project Constraint 

by a factor of 

1 2 3 4 5 6 7 8 9 

People is [more / equally/ less] important than/to Environment by a 

factor of 

1 2 3 4 5 6 7 8 9 

Technology is [more / equally/ less] important than/to Project Constraint 

by a factor of 

1 2 3 4 5 6 7 8 9 

Technology is [more / equally/ less] important than/to Environment by a 

factor of 

1 2 3 4 5 6 7 8 9 

Project 

Constraint  

is [more / equally/ less] important than/to Environment by a 

factor of 

1 2 3 4 5 6 7 8 9 

 

To implement the planning poker, the moderator raised each of the pairwise comparisons 

one by one. The participants discussed and exchanged their experiences about the 

evaluation criteria that were being compared. Then, they used the card to choose the 

importance value for the pairwise comparison. They kept their chosen value to 

themselves until everyone had chosen one and after everyone was ready, the cards were 

revealed concurrently. The value of the pairwise comparison was chosen if a consensus 

was reached; otherwise, the majority vote was taken. However, a compromise among the 

group was reached if neither a consensus or majority was reached. If this process was still 

not successful at choosing a value, then the geometric mean was used to obtain the 

average. Each of the evaluation criteria were compared and the values were entered into 

the Excel file, which had been prepared earlier. Therefore, the CR value could be 

obtained once the pairwise comparisons were made for each pairwise comparison matrix. 

When there was inconsistency, the judgment process was repeated.  

 

Stage 3. Reporting results 
After completing the focus group session, a technical report was prepared and sent to the 
participants via email. They provided the feedback that they were satisfied with the 
priorities of the factors that influenced software quality obtained during the focus group 
discussion. The next section provides an example of the AHP implementation to provide 
a better understanding of the process and uses an example based on the theoretical study 
conducted and the AHP implementation during the focus group discussion. 
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4. Priority determination using the AHP technique 

Figure 2 illustrates the seven main steps used to obtain the priorities for the ESPAC 

model evaluation criteria.  

 

 
      

Figure 2  Steps of the AHP to determine priorities 

Step 1. Identify the factors that influence software process quality 

First, the factors that influence the quality of the software process were determined 

through the theoretical study. As mentioned earlier, Deming (1982) stated that the quality 

of the end product is determined by the quality of the process employed to produce the 

product. Therefore, the software will be good quality as a result of a good quality process. 

According to Wang and Leung (2001), the software process can be categorized into three 

perspectives as follows: organization, development and management. Significantly, this 

highlights that the software process is not simply the methodology followed to develop 

the software but also the environment where the software is developed. As mentioned by 

Akbar et al. (2017), the use of the proper software process model greatly influences the 

software quality that meets customers’ needs within the stipulated time and budget. The 

software process is assessed based on its effectiveness and efficiency. Moreover, 

according to Gasston (1996), the effectiveness of the software process is based on human, 
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management, economics, and technology. Subsequently, assessing the process alone is 

not sufficient since the software process is implemented by humans. As argued by 

Destefanis et al. (2016), developers are one of the key success factors of the software 

process because they are the ones who are involved throughout the software 

development.  Apparently, with the existence of Agile software development, customers, 

organizations and developers play an essential role in determining the success of a project 

in addition to the technology used and the working environment (Aldahmash et al., 2017; 

Abd El Hameed et al., 2016; Chow & Cao, 2008).  

 

As a result, in this study, other factors than simply the software process that can influence 

software quality were taken into consideration. The effectiveness of the software process 

was measured based on the completeness, consistency, and accuracy of the process. The 

software process must fulfill customers’ expectations by having good quality people, 

appropriate technology, and a stable working environment. On the other hand, efficiency 

was determined by the capability of producing the software within the expected time and 

budget (Baharom et al., 2011). Overall, there were five factors used to determine the 

quality of the software process as listed below: 

 

1. Software process – the quality of the software process carried out when developing 

the software. 

2. People – the quality of the developers, organizations and customers involved with 

the software development. 

3. Technology – the technology used during the software development. 

4. Environment - the safety and comfort provided for staff at the location the software 

is developed. 

5. Project constraints – the ability to produce the software within the scheduled time 

and stipulated budget. 

 

These factors were verified by experts that included three academicians and seven 

software practitioners. The factors, sub-factors and the evaluation criteria were used for 

the next step, which was to structure the hierarchy for the AHP implementation.  

 

Step 2. Structure factors in hierarchy  

The five factors identified in Step 1 could not be measured directly; therefore, they were 

decomposed into measurable sub-factors and evaluation criteria as illustrated in Figure 3. 

They were organized in a hierarchical structure adopted from the AHP technique. The 

goal was positioned at the first level of the hierarchy followed by the factors, sub-factors 

and the evaluation criteria in the subsequent levels. 

 



IJAHP Article: Packeer Mohamed, Baharom, Deraman, Tarawneh, Yusof/Software process 

assessment and certification: application of the Analytic Hierarchy Process for priority 

determination 

 

 International Journal of the 

Analytic Hierarchy Process 

11 Vol. 14 Issue 3 2022 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v14i3.870 

Software Process 

Quality

 

Process People
Project 

Constraint
Technology

Environment

 

Software 

Development 
Management Support

RE

 

DES

 

CODE

 

TEST

 

Comp

Cons

Acc

PrM

Comp

Cons

Acc

Comp

Cons

Acc

Comp

Cons

Acc

ChM SecM RiM

Comp

Cons

Acc

Comp

Cons

Acc

Comp

Cons

Acc

Comp

Cons

Acc

DEV CUSTORGA

Team 

Comm

 

INV INV

Sch Budg

TRG STI DOC

Comp

 

Acc

Comp

 

Comp

 

Acc)

WEnv

 
STDTo&Te

Comp CompReM

Comp

 

IPS

 

Mgmnt 

Skills

 

Tech

Skills

Know

 

Exper

 

Safety

 

Comf

 

 

 

 

 

Figure 3  Hierarchy for software process quality assessment 

 

Step 3. Construct pairwise comparison matrices 

To perform the pairwise comparisons, pairwise comparison matrices were constructed for 

the assessed evaluation criteria. In the pairwise comparison matrix, the sibling criteria at 

each level were compared in pairs to judge their importance. They were organized in a 

matrix of two dimensions (square matrix) whereby the compared criteria were sorted 

vertically in the first column and horizontally in the first row of the matrix. 

 

For example, the five factors that influence the quality of the software located in the first 

level of the hierarchy (see Figure 3) were compared using one pairwise comparison 

matrix. The factors were process (proc), technology (tech), people, project constraints 

(pc), and environment (env).  A similar process was performed for the other factors, sub-

factors and the evaluation criteria for the entire hierarchy. One pairwise matrix was 

constructed for each sub-tree with more than one factor/sub-factor/evaluation criteria. 

There was a total of 18 pairwise comparison matrices as summarized in Table 2. 

 

Table 2 

Summary of the pairwise comparison matrices for the ESPAC model 

 

Description Level 1 Level 2 Level 3 Level 4 Total 

Number of criteria 5 11 26 28 70 

Number of pair wise 

comparison matrices 
1 4 5 8 18 
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Step 4. Perform judgments in each pairwise comparison matrix 

Judgments must be performed for each two criteria in the matrix. To do this, the relative 

importance of each two criteria in the matrix was determined using the scale of 1 to 9 

created by Saaty (1990). For example, the importance was determined by making the 

following comparison: C1 is more/equally/less important than/to C2 by a factor of 

2/3/4/5/6/7/8/9. The number of pairwise comparisons needed for each matrix was 

determined by Equation (1). 

 

Pairwise comparisons in each matrix = n (n-1)/2                            (1)                                          

 

where n is the number of criteria in the matrix. 

       

As an example, five factors influence software quality; therefore, n = 5. Accordingly, 

there were ten pairwise comparisons in this pairwise comparison matrix. This number 

was obtained using Equation (1), where 5 (5-1) / 2 = 10 pairwise comparisons. Table 3 

depicts the pairwise comparison for the first level of the hierarchy, which consists of five 

criteria. The diagonal elements of the matrix were assigned a value of 1, since aij=1 when 

i=j. Comparisons were made only for the upper triangular matrix (colored columns), 

since the lower triangular matrix was comprised of the reciprocals of these values. For 

example, in the first row of the matrix the process was considered five times more 

important than the technology and the people, while the process was four times more 

important than the environment. Additionally, the project constraints were considered 

equally important as the process. On the other hand, the people and the project constraints 

were four times more important than the technology, while environment was three times 

more important than the technology. These are represented in the second row of the 

matrix. 

 

Table 3 

Pairwise comparison factors in first level of hierarchy  

 

Factor Proc Tech People PC Env 

Proc 1 5 5 1 4 

Tech 1/5 1 1/4 1/4 1/3 

People 1/5 4 1 1/3 4 

PC 1 4 3 1 5 

Env 1/4 3 1/4 1/5 1 

 

Step 5. Synthesize pairwise comparisons 

Once the pairwise comparisons were complete, they were then synthesized to determine 

the priority. For this purpose, the Normalization of the Geometric Mean (NGM) was 

utilized (Hsiao, 2002). The n elements in each row were multiplied, and the n
th
 root was 

calculated to find the priority. Then, the resulting numbers were normalized. This is 

shown in Equation (2). 
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wi= (∏ aij
n
j=1 )

1/n
/ ∑ (∏ aij

n
j=1 )

1

nn
i=1

                                                                                                    
(2) 

 

where
                                                                                                                      

 

wi = Priority of the evaluation criteria i 

i = 1,2….,n 

j = 1,2…..,n 

aij = Pairwise comparison in matrix ij 

 

Considering the pairwise comparisons made in Table 3 and Equation 2, the priority of the 

process was calculated as below: 

 

Priority for Process = (1*5*5*1*4)
1/5

 / (2.512+0.334+1.1013+2.268+0.52)  

                                = 2.512 / 6.647 

                                = 0.378 

 

Similarly, the priority was calculated for the remaining factors. Table 4 shows the 

priorities obtained for the factors in the first level of the hierarchy. 

 

Table 4 

Priority for factors in first level of hierarchy  

 

Factor Proc Tech People PC Env n
th

 Root 

values 

Priority  

Proc 1 5 5 1 4 2.512 0.378 

Tech 1/5 1 1/4 1/4 1/3 0.334 0.05 

People 1/5 4 1 1/3 4 1.013 0.152 

PC 1 4 3 1 5 2.268 0.341 

Env 1/4 3 1/4 1/5 1 0.52 0.078 

Total      6.647 1.000 

 

Step 6. Perform consistency analysis 

To eliminate inconsistency in the judgments, the Consistency Ratio (CR) was calculated 

for each of the pairwise comparison matrices. This is the advantage of using AHP, 

whereby the consistency of the decisions can be revealed. The CR value should be less 

than 0.1 to indicate consistency (Saaty, 1990). Equations (3) and (4) are used to obtain 

the CR value: 

 

CR = Consistency Index (CI) / Random Index (RI)                                                 (3)                                                                   

          

where CI is calculated using this formula: 

CI = (λmax – n) / (n-1)          (4) 

                                                                                                              

where n = number of evaluation criteria in the matrix 
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λmax = the average value of consistency vectors 

 

First, the eigenvalue (λmax) was obtained. The priority of each factor (see Table 4) and 

the pairwise comparisons were arranged in Table 5. Then, the weighted sum vectors were 

obtained for each row by multiplying the appropriate priority with the pairwise 

comparison. The results of the multiplication were then summed to obtain the weighted 

sum vectors for each row.  

 

Table 5 

Calculation of weighted sum vectors 

 
Prio- 

rity 

(Proc) 

PWC 

(Proc) 

Prio- 

rity 

(Tech) 

PWC 

(Tech) 

Prio- 

rity 

(People) 

PWC 

(People) 

Prio- 

rity 

(PC) 

PWC 

(PC) 

Prio- 

rity 

(Env) 

PWC 

(Env) 

Weighted 

sum 

vectors 

0.378 

1 

0.05 

5 

0.152 

5 

0.34

1 

1 

0.078 

4 2.041 

1/5 1 1/4 1/4 1/3 0.275 

1/5 4 1 1/3 4 0.853 

1 4 3 1 5 1.765 

1/4 3 1/4 1/5 1 0.429 

 

Next, the consistency vectors were calculated by dividing the weighted sum vectors with 

the respective priority and are shown in Table 6. 

 

Table 6 

Calculation of consistency vectors 

 

Criteria Weighted sum 

vectors 
Priority  Consistency vectors 

Proc 2.041 0.378 5.399 

Tech 0.275 0.05 5.5 

People 0.853 0.152 5.612 

PC 1.765 0.341 5.176 

Env 0.429 0.078 5.5 

 

Then, the average of the consistency vectors was calculated to obtain λmax. Next, the CI 

value was calculated. Equation 4 was used to obtain the CI value. Finally, Equation 3 was 

utilized to obtain the CR value. The RI value was determined based on the value of n, as 

provided by Saaty (1990). For the current pairwise comparison matrix, since the n value 

was 5, and RI was 1.12, the CR value obtained is 0.098. Since the CR value was less than 

0.1, the pairwise comparison made was considered to be consistent. However, if the CR 

value was greater than 0.1, then the judgments on the criteria would be considered 

inconsistent and need to be performed again (return to Step 4). The CR value for each 

pairwise comparison matrix must be consistent before the global priority can be obtained. 

 

Step 7. Obtain the global priority  

The priorities attained from the preceding steps are the local priorities. The final priorities 

are known as the global priority, and are acquired by multiplying the local priority of a 
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child by its parents’ local priority (the calculation starts from the lowest level and goes to 

the first level of the hierarchy). Equation (5) shows how to obtain the global priority. 

 

𝐺𝑊𝑖 = 𝐿𝑊𝑖 ∗ ∏ 𝑃𝑗
𝑛
𝑗=1                                                                                              (5) 

 

where: 

GWi = Global priority for i
th
 evaluation criteria 

LWi = Local priority for i
th
 evaluation criteria 

Pj = Local priority for j
th
 parents 

i = 1,2……,n 

j = 1,2……,n 

 

For example, Equation 5 is used to obtain the global priority for the completeness of 

requirement engineering (GWCompRE). The local priority for the completeness of 

requirement engineering is multiplied with the local priorities of its parents (requirement 

engineering, software development, and process) as illustrated in Figure 4.  

 

 Software Process 

Quality

Process 

0.378

Software Development

0.659 

---

 

Requirement 

Engineering

0.703

Software Design

0.128 

Completeness

0.691 

Consistency

0.16 

Accuracy

0.149 

Completeness

0.691 

Consistency

0.16 

Accuracy

0.149 

--- 

 

---

 

 

Figure 4 Part of hierarchy with local priority 

 

Likewise, this calculation is performed to obtain the global priority for other factors/sub-

factors/evaluation criteria. The complete local priorities and the global priorities are listed 

in Table 8 (Section 5). These global priorities are the ideal priorities suggested by the 

ESPAC model. The global priority for completeness of requirement engineering is 

calculated as:  

 

GWCompRE  = 0.691 *0.703 * 0.659 * 0.378 

                        = 0.121 

 

 

5. Outcomes from the AHP implementation  

This section discusses the outcomes obtained from the AHP implementation through the 

focus group, namely the participants’ background and the priorities obtained. 
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5.1 Participants’ backgrounds 

The seven participants were Agile practitioners from distinct organizations located in the 

Kuala Lumpur area. They had different positions, such as team leader and Scrum Master. 

The participants had more than three years of experience in software development. Four 

of them worked in large companies with more than 250 employees. Most of them seemed 

to favor Scrum and Extreme Programming (XP). Table 7 recapitulates the background of 

the participants. 

 

Table 7 

Participants’ background 

 

ID Positions Size of 

organization 

Experience in 

software 

development 

Agile methods used 

A Team leader >250 11-20 FDD 

B Team leader 51-250 6–10 Scrum 

C Architect >250 11-20 Scrum, XP 

D Programmer 51-250 6–10 Scrum, XP 

E Programmer >250 6-10 Scrum, XP 

F Application lifecycle 

manager 

20-50 11-20 Scrum, TDD 

G Scrum master >250 6-10 Scrum, XP, AM, Lean 

 
5.2 Priorities obtained 

The priorities that were obtained through the planning poker technique are provided in 

Table 8. The table consists of the local priorities for all the factors/sub-factors/evaluation 

criteria as well as the global priorities. The global priorities are used as the ideal priority 

for the ESPAC model, which can be used by potential users of the model. However, if the 

assessors do not agree with those values, they can perform the AHP technique again and 

obtain their own priorities, which might be more suitable for their organizations. 

 

Table 8 

 Priority values  

 

Factors / Sub-factors / (Local priorities) Evaluation criteria 
Global / Ideal 

priorities 

 

 

 

 

 

 

 

 

 

 

Process 

 

Software 

develop-

ment 

(0.659) 

 

 

Requirement 

engineering 

(0.703) 

Completeness (0.691) 0.121 

Consistency (0.16) 0.028 

Accuracy (0.149) 0.026 

Software design 

(0.128) 

Completeness (0.691) 0.022 

Consistency (0.16) 0.005 

Accuracy (0.149) 0.005 

Coding 

(0.071) 

Completeness (0.691) 0.012 

Consistency (0.16) 0.003 

Accuracy (0.149) 0.003 

Testing Completeness (0.691) 0.017 
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Factors / Sub-factors / (Local priorities) Evaluation criteria 
Global / Ideal 

priorities 

(0.378) (0.097) Consistency (0.16) 0.004 

Accuracy (0.149) 0.004 

Manage-

ment  

(0.156) 

 

Project management 

(0.25) 

Completeness (0.333) 0.005 

Consistency (0.333) 0.005 

Accuracy (0.333) 0.005 

Change management 

(0.25) 

Completeness (0.333) 0.005 

Consistency (0.333) 0.005 

Accuracy (0.333) 0.005 

Security management 

(0.25) 

Completeness (0.333) 0.005 

Consistency (0.333) 0.005 

Accuracy (0.333) 0.005 

Risk management 

(0.25) 

Completeness (0.333) 0.005 

Consistency (0.333) 0.005 

Accuracy (0.333) 0.005 

Support  

0.185 

 

Staff initiative 

(0.499) 
Completeness (1.0) 0.035 

Documentation 

(0.067) 
Completeness (1.0) 0.005 

Resource management 

(0.249) 
Completeness (1.0) 0.017 

Training 

(0.185) 
Completeness (1.0) 0.013 

 

 

Technology 

0.05 

 

Tools & techniques 

(0.2) 

 

Completeness (1.0) 

 
0.01 

Standard & procedures 

(0.8) 
Completeness (1.0) 0.04 

 

 

 

People 

0.152 

 

Developers 

(0.084) 

 

Interpersonal skills 

(0.039) 
0.00049 

Management skills 

(0.054) 
0.00069 

Technical skills (0.169) 0.00216 

Knowledge (0.166) 0.00212 

Experience (0.164) 0.00209 

Team commitment 

(0.409) 
0.00522 

Organization 

(0.211) 
Involvement (1.0) 0.03207 

Customers 

(0.705) 
Involvement (1.0) 0.10716 

 

Project constraint 

0.341 

Budget 

(0.5) 
Accuracy (1.0) 0.1705 

Schedule 

(0.5) 
Accuracy (1.0) 0.1705 
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Factors / Sub-factors / (Local priorities) Evaluation criteria 
Global / Ideal 

priorities 

Environment 

0.078 
Working environment 

(1.0) 

Safety (0.8) 0.062 

Comfort (0.2) 0.016 

 

Based on the opinions of the participants, the evaluation criteria utilized in this study 

were sufficient to assess the software process. According to Table 8, the most important 

factor in producing high quality software is the development process, followed by the 

project constraints, technology, environment, and people in descending order. Even 

though in the Agile software process people are the main contributors for producing high 

quality software (Aldahmash et al., 2017; Abd El Hameed et al., 2016; Chow & Cao, 2008), 

the participants of this study mutually agreed that the other factors were more important. 

Furthermore, software development was rated as the highest priority and was followed by 

the support and the management processes. This is in line with the work of Akbar et al. 

(2017), where the software process was considered the most important to ensure software 

quality. For the software development phases, the requirement engineering phase had the 

highest priority and was followed by the software design and testing. Coding had the 

lowest priority. Requirement engineering was considered highly important because the 

subsequent steps in software development depend on the correctness of the requirements 

(Pressman, 2010). The requirements are considered as the groundwork in software 

production, which will be used to verify the users’ requirements and act as an indicator to 

show that the proposed requirements are fulfilled (Heikkil¨a et al., 2015).  

 

The management processes, which are project management, risk management, security 

management, and change management, were all rated with equal priority. The 

management of a project as well as the software development is essential (Yaghoobi, 

2018; Ahimbisibwe et al., 2017) not only in reference to managing the project but also 

the risk, security and change management. Therefore, they are equally prioritized. For the 

development process, which consists of software development, management and support 

processes, the completeness criterion obtained the highest priority.  This shows that the 

participants emphasized completing the process while developing the software. 

Moreover, for the support process, the participants gave the highest importance to staff 

initiatives, followed by resource management, training, and documentation. The least 

priority was given to documentation. This might be because they were more concerned 

about creating the end product. One value of the Agile Manifesto (2001) is “working 

software over comprehensive documentation”. However, even though Agile software 

development focuses on producing working software, minimal documentation is still 

needed for further references and maintenance. Wagenaar et al. (2018) concluded that 

documents in the Agile software development are essential to providing governance to 

the team. A means of internal communication could be used for quality control and might 

be needed by other parties as a reference.  

 

Additionally, for people who were involved during the software development, the 

customers were the highest priority, followed by the organization, and the lowest was 

software practitioners. This shows that the participants’ focus on customer satisfaction 

aligns with the Agile principles (Agile Manifesto, 2001). Similarly, the outcome from a 

study conducted by Sambinelli and Borges (2019) revealed that when customers were 

valued during software development, they observed an improvement in the customers’ 

communication, satisfaction, and collaboration. This can help increase customer’s 
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satisfaction and loyalty to the organization. For software practitioners, team commitment 

was rated as the most important, followed by technical skills, knowledge, experience, 

management skills, and interpersonal skills. This is because the commitment given by 

each team member is essential to the production of high quality software since the team 

produces the software (Poth et al., 2020; Sjøberg, 2018). On the other hand, technical 

skills, knowledge, experience, and management skills can be gained over time and can be 

improved through life-long learning processes.  

 

For technology, the completeness of standards and procedures was rated less important 

than the completeness of tools and techniques. The importance of using tools was 

described in Ciancarini et al. (2019) where the developers were reported to use tools 

widely to support software development. However, as mentioned by Salo and 

Abrahamsson (2008), following proper standards and procedures is essential; otherwise, 

understanding the requirements might be more difficult. Chow and Cao (2008) also 

identified that having coding standards upfront as one of the success factors in the Agile 

software development. Nevertheless, when proper tools are collectively used in a team, 

the standards and procedures might be indirectly implemented in some way. Furthermore, 

accuracy of the budget and the schedule were rated as equally important. Both the budget 

and the schedule are dependent on each other in the production of high quality software 

and always become a measure of a successful project as widely indicated by researchers 

(Nath et al., 2020; Alaidaros, & Omar, 2017; Lee & Xia, 2010). On the other hand, safety 

was considered more important than comfort in the working environment. The working 

environment is considered one of the motivational tools to increase software developers’ 

productivity (Machuca-Villegas et al., 2020).  

 

Overall, the majority of the priorities or levels of importance ranked by the participants of 

the focus group have been supported by previous studies. Priorities can differ from one 

organization to another since they are influenced by the organization’s standard of 

operation and the experience of the developers. Therefore, in the case of implementing 

the ESPAC model, it is appropriate to let the assessors decide whether to utilize the 

proposed ideal priorities or to generate new ones by implementing the AHP technique. 

The priority values are included in the software process assessment for each of the 

evaluation criteria, which finally produces the certification level and the quality levels 

(Packeer Mohamed et al., 2015). 

 
5.3 Sensitivity analysis 

The sensitivity analysis was performed by using a ‘What-if’ analysis in order to analyze 

the changes that might happen to global priority values if the local priority values of the 

evaluation criteria are changed. With the aid of a sensitivity analysis, the reliability of the 

initial decision and factors that influenced the result can be determined such as which 

criteria influenced the original results (Mu & Pereyra-Rojas, 2017). Table 8 shows that 

the highest local priority value was the process (0.378) factor when compared to the other 

four factors. Within the sub-factors of process, the highest local priority was the software 

development process (0.0659) while requirement engineering had the highest priority 

(0.703) compared to the other software development processes. In order to determine if 

changes in the local priority values for the requirement engineering has an effect on its 

global priority, a sensitivity analysis on the completeness, consistency and accuracy 

criteria was performed. 
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Tables 9 to 11 show the changes in the global priority values. Note that in Table 9, the 

obtained global priority value for the completeness of requirement engineering is 0.121 

while the local priority value is 0.691. In this sensitivity analysis, the local priority value 

was changed by increasing and decreasing it by 0.005. The result shows that there was 

only a slight difference (by 0.001) in the global priority value when the local priority 

value was changed. 

 

Table 9 

Changes in global priority values when the local priority for completeness of requirement 

engineering was changed  

 

Local prioriy 0.121  

0.676 0.118 

0.681 0.119 

0.686 0.120 

0.691 0.121 

0.696 0.122 

0.701 0.123 

0.706 0.124 

 

Table 10 depicts the global and local priority values for the consistency of requirement 

engineering where the initial obtained values are 0.001 and 0.028, respectively. By 

increasing and reducing the local priority value by 0.005, a small difference in the global 

priority value was noticed. 

 

Table 10 

Changes in global priority values when the local priority for consistency of requirement 

engineering was changed 

 

Local priority  0.028 

0.001 0.000 

0.006 0.001 

0.011 0.002 

0.016 0.003 

0.021 0.004 

0.026 0.005 

0.031 0.005 

 

Table 11 shows the difference of the global priority of the accuracy of requirement 

engineering when changes were made to the initial local priority. Similar to the earlier 

outcome, only a small difference was found in the global priority, which is 0.001. 
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Table 11 

Changes in the global priority values when the local priority for accuracy of requirement 

engineering was changed 

 

Local priority  0.026 

0.134 0.023 

0.139 0.024 

0.144 0.025 

0.149 0.026 

0.154 0.027 

0.159 0.028 

0.164 0.029 

 

 

6. Conclusion 

This paper presented the technique used to determine the priorities for the evaluation 

criteria in assessing and certifying the software process. The existing software process 

assessment and certification models do not consider priorities of the evaluation criteria 

even though multiple criteria are involved in the assessment. To produce more accurate 

and consistent certification results, priorities of the evaluation criteria need to be 

determined in a systematic way. Therefore, this study adopted the Analytic Hierarchy 

Process (AHP) in the Extended Software Process Certification model (ESPAC) to 

determine the priorities. Five main factors were used to assess the software process 

quality, namely process, technology, people, project constraints and environment. These 

factors were obtained through theoretical study and verified through expert reviews. To 

obtain the priorities for these criteria, seven steps of the AHP were performed in a focus 

group discussion with seven software practitioners. The results from the expert reviews 

and focus group discussion revealed that the experts were satisfied with the evaluation 

criteria and the AHP technique implemented in this study. Additionally, the priorities 

obtained were used as the ideal priorities in the ESPAC model. Among the five factors 

prioritized, process was rated the most important criterion, followed by the project 

constraints, technology, environment, and people. With the obtained priorities, potential 

users of this model may utilize the proposed values, or they can obtain preferred priorities 

using the AHP if the ideal priority is not suitable to their organization’s environment. At 

the end of this study, a sensitivity analysis was carried out using a 'What-if' analysis to 

examine the effect on the global priority values if the local priority values of the 

evaluation criteria were changed. To perform this analysis, the local priority values for 

completeness, consistency and accuracy of requirement engineering were changed and 

observed. This analysis revealed that there was only a small difference in the global 

priority values when the local priority values were changed. This was predicted, and 

indicates that the initial priorities are reliable. This study contributes to the body of 

knowledge on the application of the AHP technique in the field of software process 

assessment and certification. Furthermore, a systematic technique to determine the 

priorities for the evaluation criteria is provided for the assessors. As for future work, this 

research can be enhanced by using AI techniques such as fuzzy or firefly algorithms to 

reduce dependency on human judgment while simultaneously being more transparent. 
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