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Abstract—In the last decade, the management of software projects has become a challenging task. The latest published 

figures on the status of software projects indicate a large failure rate, which has created a crucial challenge for project 

managers. In software maintenance, the impact of software changes is an important aspect due to the evolving environment 

of the software development life cycle. Many of the current traceability approaches and tools are devoted to and restricted 

to high-level objects such as specifications but fewer capabilities are made available to handle lower-level artefacts such as 

classes and codes. While test effort estimation has been in place for decades, it remains a major challenge for software 

project management to make accurate estimates and, ultimately, to successfully complete the software project. This article 

proposed a novel traceability model for test effort estimation to support software change management employing Design 

and Development Research (DDR), which may assist software project managers in making more informed decisions on 

software change management. In this paper will show two phase Fuzzy Delphi Method (FDM) and Nominal Group 

Technique (NGT) result. The both results in FDM and NGT showed that the key components and elements are located at 

acceptable level and can be applied whilst the score of more than 70% is achieved.  Hence, the evaluation results proved 

that the proposed model and its prototype are acceptable and significant to support software change management. 
 

Keywords—Design and Development Research (DDR),  Traceability Model, Test Effort Estimation, Change Management 

 

I.  INTRODUCTION  

 

In general, software maintenance entails modifying the 

software product after it has been delivered to end 

customers. It is a bigger task that includes error correction, 

performance enhancement, feature enhancement, and the 

removal of old functionality. Consequently, it applies not 

only to programming, but also to other aspects of the 

software lifecycle, such as software specifications, testing, 

and development. Rajlich and Bennett [1] distinguish 

between three developmental stages: evolution, 

maintenance, and transformation. The maintenance phase 

concludes once the development of the core system is 

complete. 

 

In the maintenance process, handling changes through a 

traceability link would ensure that the objects involved, 

i.e., functional and non - functional criteria, design model 

and part, and test artifacts are modified accordingly as a 

new change has been implemented. Handling changes 

through a traceability link in the maintenance process 

ensures that the objects involved, i.e., functional and non-

functional criteria, design model and part, and test 

artefacts, are adjusted appropriately as a new change is 

applied. Current traceability approaches demonstrated 

insufficient coverage of traceability relationships, but 

improvements are possible. Change requests can be 

submitted at any stage of the SDLC. [2], [3]. It is necessary 

to manage software changes in order to meet the changing 

needs of the customer and thus to satisfy them. [1], [4]. 

 

Implementing software changes within the software 

maintenance process requires an understanding of the 

effects of software objects as well as the implications of 

software change activities. Accepting too many 

adjustments may result in a project delay and cost overrun. 

However, rejecting too many changes may lead to client 

dissatisfaction. As a result, dealing with the ever needs and 

making sound judgments about the progress of the 

software project is crucial for the software project 

manager. The expectation of effort change during software 

maintenance is one of the inputs that can assist and guide 

the software development project manager in making the 

appropriate decision. 

 

Due to a lack of support decision for a software project 

manager can give a decision whereby the impact of cost 

and time during the change request in the maintenance 

phase, it is essential to expand the traceability model with a 

test effort estimation [5]. Lehtinen [6] define a software 

project failure means a recognizable inability to succeed in 

the cost, schedule, scope, or quality goals of the project. 

The decision to accept or reject the change request will be 

a process that is very complex or difficult. This decision 
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will involve several variables under dynamically changing 

requirements (LOC involved is large); project managers 

faced the challenges in support decisions where involved 

in the maintenance phase that will be the change request 

with large LOC, time, and financial constraints. In 

addition, the software project manager is required to 

estimate the effort right after the change is implemented. 

The other challenge when there are changes to their 

software is the need to review these changes, which has a 

significant impact during the maintenance phase. 
 

Software Project Manager required to estimate the effort 

right after the change is implemented. Effort estimation and 

impact analysis are two (2) processes that are important in 

supporting the Software Project Manager's decision. The 

problem to be resolved by this study is whether the software 

traceability approach with effort estimation will be able to 

efficiently support software changes in the maintenance 

phase. It is expected that the improved change management 

tools will allow a dynamic change of traceability structure 

in response to changes in operations such as addition, 

insertion, and deletion with an estimate of the cost dan time 

during the changes. Whereas, the objective of the effort 

estimation is to estimate the amount of work and time 

required in implementing the particular changes. [7],[8],[9]. 
 

The further paper is assembled as follows, Section II 

contains related work, Section III explain the methodology 

with flow chart, Section IV describes results and 

discussion, and Section V concludes research work and 

benefit of this studies. 
 

II. RELATED WORK  
 

Few researches have indicated the need for change impact 

analysis integration with the effort estimation. All the 

related researches [2],[10] ,[11],[12],[13] ,[14] pointed out 

that a mean to measure the size of code after the change is 

needed. 
 

According to an evidence-based study conducted by 

Nurmuliani et al.[2], several change request attributes have 

a direct effect on the needed work estimation forecast to 

make that change. Change request type and change 

requirements are the identified change request attributes. 

Furthermore, Nurmuliani et al. [2] claimed that the most 

significant issues in the were the lack of a formal impact 

analysis approach to support software changes for work 

estimation and the lack of a traceability model for the 

relationships between requirements and classes.  
 

Table 1.Evaluation Of  Traceability Model Integrating With 

Effort Estimation  

 

The approaches that are similar to this research were 

evaluated on the basis of the evaluation criteria mentioned 

above. The results of the tests are shown in Table 1. This 

table shows that there is no current method specifying all 

of the above-mentioned assessment criteria. For the 

proposed model, the researcher claims that none of the 

methods helped with the calculation of test effort before 

and after adjustment. This will help to obtain modified 

traceability data, which is very useful for maintenance 

operations.This research study is inspired by the above-

mentioned approaches. Based on some limitations from one 

over another, as shown in Table 1 this research study has 

determined to adopt some of the features or criteria from 

the existing approaches and created a new traceability 

approach to maintaining the involving artefacts effectively 

from the testing point of view instead of a requirement.  

 

III. METHODOLOGY 

 

Design and Development Research (DDR) approach was 

used in this study to produce a traceability model focusing 

on software change and test effort estimation. This 

research is classified into three (3) main phases: need 

analysis, design, and development, and lastly, Evaluation. 

Table 2 shows the research design phases of the study 

based on the DDR approach. The DDR approach was first 

proposed by Richey and Klein in 2007 [14] and is 

currently being applied in educational research to test 

theory and validate its practicality. In this study, the 

implementation of DDR was selected to describe the 

design and development of the traceability model with test 

effort estimation to support software changes in the 

maintenance phase. 

 

DDR was used in this study because it is a systematic 

study of design, development, and evaluation processes 

with the goal of establishing an empirical basis for the 

creation of instructional and non-instructional products and 

tools, as well as new or improved models that govern their 

development [15]. Table 2 depicts the study's research 

design phases based on the DDR technique. 

 
Table 2 Studies based approach to DDR (Richey&Klein,2014) 

[16] 

 
 

A. Fuzzy Dephli Method (FDM) 

This phase is to evaluate the proposed model using FDM 

with twelve(12) expert review. The result of this phase, if 

rejected from the expert review, will do the updated 

version of the model. 
 

The Fuzzy Delphi Method (FDM) is a measuring 

instrument re-branded based on the Delphi technique [17]. 

The FDM was as an effective measuring tool to solve 

problems that have uncertainty for a study with the 
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decision made based on the analysis of combining theory 

with the FDM [17]. Generally, the Delphi technique is 

used to review and gather opinions as a source of 

information or to form agreements[18]. 
 

Previous literature showed that the FDM is a combination 

of the conventional Delphi (classic) method and the fuzzy 

set theory (Fuzzy), which is an expansion of the classical 

set of theory where the elements in the set were evaluated 

using the binary set (Yes or No) that allows for a 

systematic comparison of each item under evaluation. 

Ragin [19] reported that the fuzzy numbering value is in 

the range of 0 and 1. 
 

Previous literature state that the Delphi method is a 

technique and approach used to explore and gather opinion 

from groups of experts in a structured [18]. However, there 

is also a weakness in this method where Siraj [20] argues 

that the reliability of the data is questionable if researchers 

fail to choose the right expert. She also added that another 

possible weakness is that the researcher and expert become 

bored because the iteration of  Delphi takes a long time to 

finish. Such problems found by Bojadziev [21] indicate 

that the most obvious flaws in the analysis include the 

methodology of the Delphi process, including a long-

lasting testing and iteration period in which leakage and 

loss of knowledge have occurred. However, the selection 

of a sufficient number of experts can also be influenced 

because a limited number of experts have not been able to 

quantify a major problem [20]. In other words, the opinion 

of the overall selected experts is unlikely to represent the 

majority opinion of the experts. 
 

B. Modified Nominal Group Technique (NGT) 

The questionnaire was utilised during the evaluation phase 

of this technique to collect the thoughts as respondents, the 

opinions of industry and academic users who had engaged 

in software testing.. The Nominal Groups (NGT) technique 

is being utilised to evaluate this research. 

 

For decision-making in face-to-face small group 

discussions, the Nominal Group Technique (NGT) was 

used. [22]. There are semi-structured and quantitative data 

collection approaches [23],[24]. In the current study, a 

more directive semi-quantitative data collection method 

and a qualitative strategy in which concept acceptance 

without evaluation (qualitative) was followed by a ranking 

of priority concepts were employed (quantitative). 

 

When used as a method to assess product satisfaction, 

however, it can be completely quantitative, and this 

technique is known as NGT Modified [23]. In this study, 

the Nominal Group technique (NGT Modified) is utilised 

to evaluate user satisfaction with this model based on 

software testing user perceptions. NGT Modified was used 

in this study to identify the model's usability based on the 

user's perception of the programme, as well as the 

acceptance by experts and percentage of each major 

component, element, and importance of the model's 

elements. In retrospect, the purpose of employing NGTs is 

to contribute to and generate problem-solving ideas.. [26]. 

The respondents directly participated in this study to 

provide information in the usability evaluation phase are 

referred to as experts in this study. For academic 

background, the reply should be the one (1) who has taught 

software engineering curriculum and is involved with the 

SE project. In the case of industry, it should be a 

practitioner involved in a SE project. 
 

The number of participants is highly subjective because it 

is determined by the study's design and outcome. Previous 

research used a diverse sample size. Allen et al. [26] 

proposed a total of 9 to 12 experts for an NGT study. 

Meanwhile, Harvey and Holmes [27] stated that an ideal 

review panel would have 6 to 12 members. In their studies, 

Dobbie et al. [23], Perry Linsley [24], and Williams et al. 

[28] used 30 to 40, 36, and 92 respondents, respectively. 

NGT is a method for generating ideas and identifying 

problems. As a result, 35 respondents from higher learning 

institutions and enterprises with a background in software 

engineering were chosen for this study. 
 

IV. RESULTS AND DISCUSSION 
 

The suggested HYTEE (Hybrid Software Change 

Management Tool with Test Effort Estimation) is 

composed of many connecting subsystems and 

interfaces. Several subsystems need the support of other 

tools integrated into the system. This HYTEE system is 

divided into the architecture of software traceability, the 

process of analyzing changes, use case diagrams, 

modules, and operations to fully understand the design 

process.The purpose of the HYTEE  Model Validation 

using FDM is to get confirmation from the expert about the 

element in this model. The Fuzzy Delphi Method (FDM) 

data analysis study is based on the conditions of the 

triangular fuzzy number and defuzzification process. 

Terms for triangular fuzzy number are the threshold value 

(d), and the percentage of expert consensus where the 

threshold value (d) for each item (components and 

elements) measured should be less than or equal to 176 at 

0.2 [29] and the percentage of expert group consensus 

must be more than or equal to 75.0 percent [30]. 
 

Threshold value (d) will be analyzed using Microsoft 

Excel. For the defuzzification process, there is also a 

condition only the value score fuzzy (A) must be more 

than or equal to the value of α-cut, which is 0.5 . [31]. The 

value of the same fuzzy score analyzed using Microsoft 

Excel. 
 

This aims to evaluate the effectiveness of the proposed 

HYTEE model to show that it supports the evaluation 

and analysis of hybrid coverage through change 

dissemination to support software maintenance activities 

during regression testing. To achieve this goal, this 

study used one case study that matches the HYTEE 

model as well. A controlled experiment with a Model 

tool was conducted in that case study. Quantitative 

evaluations are then calculated based on the controlled 

experiment's scoring outcome using Nominal Group 

Techniques.  The final section addresses the findings of 
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the assessment and how the alternative solution would 

accomplish this research objective. 

 

A. Model Validation using Fuzzi Delphi Method (FDM) 

As part of the design process for this model, 12 experts 

have been identified to view, discuss, evaluate, and validate 

the key components required by the HYTEE Model. Each 

of the expert panels met at a meeting to see the needs of the 

seven (7) main components of the model. It is very 

important to discuss whether each of the main components 

is accepted or rejected and certified on the basis of the 

consensus of a group of experienced experts directly in the 

context of the study. 

 

1) FDM Result by Expert Review 

The findings of this phase are to involve the HYTEE 

usability evaluation model. There are 6 tables contained 

in this phase that involves the analysis of fuzzy Delphi 

(the threshold),This phase is the process of determining 

elements in HYTEE Models in value by the expert 

group. The results of the analysis carried out, and the 

findings have met the conditions contained in the 

triangular fuzzy number and defuzzification process. 

For the conditions contained in the triangular fuzzy 

number, it involves a threshold value (d) and the 

percentage of agreement of the expert group. The 

threshold value (d) obtained must be less than or equal 

to 0.2 [17] .while the percentage of the expert group 

agreement also must be more than 75% [17]. For the 

defuzzification process, the terms used are the α-cut of 

the score (A) obtained must be equal to or greater than 

0.5. It is described as the argument stated by Mohd 

Ridhuan et al. [17] and Bodjanova [32]. 
 

Table 3. Change Management Component 

 
 

Table 4. Traceability Support Component 

 
 

Table 5. Regression Testing Component 

 

Table 6. Test Effort Estimation Component 

 
 

Table 7. Report Component  

 
 

Table 8. Graphical User Interface Component 

 
 

In conclusion that all the experts agree that all elements 

of the overall study stand at HYTEE model status 

suitable to be used and implemented by consensus 

expert study. 

 

B. Model Evaluation using Nominal Group Technique 

(NGT) 

Usability evaluation is the process of determining a 

developed product's applicability and suitability. According 

to Mack and Sharples[33], the usability of a functional 

product is a measurement of its capabilities based on its 

product development goals. In this research study, the 

measuring of product usability is based on the presentation 

of a HYTEE model. Respondents will have earned a degree 

in software engineering, worked as a software tester in the 

industry, and have at least 5 years of real-world experience 

in software engineering. 
 

Following that, the responder will complete a questionnaire 

to assess the usability of the HYTEE model. This 

respondent will be given a questionnaire to evaluate the 

model's usability. This technique is acceptable and 

consistent with Millano and Ullius' [34] argument that the 

evaluation should be based on the user's enjoyment and 

perception of a generated model. As a result, it indicates 

that usability evaluation is just as important in determining 

if the intended and produced model is capable and suitable 

for fulfilling model production goals. The researcher 

employed the Modified Group's Nominal (NGT) techniques 

to examine the perception and satisfaction with the HYTEE 
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Model in order to assess its applicability. A total of 35 

people were picked and divided into five (5) small groups 

of seven (7) people each, namely groups A, B, C, D, and E. 

A census of the people who participated in this usability 

procedure demonstrates that the numbers are insignificant. 

This is because researchers are only interested in responders 

with experience in software testing and maintenance. 
 

The feasibility of selecting the participants was consistent 

with the reasons advanced by Dobbie et al. [23], who used a 

notional group technique to examine the model's efficiency 

(Modified NGT).The participant in this model's usability 

study is asked to express an opinion and to translate it into 

the form of the provided usability questionnaires. The 

relevance of each person's agreement and suitability on the 

Likert scale will offer a score rating for each item 

evaluated. The score value will be converted into a 

percentage to represent the data of any properly assessed 

item, which may or may not be used to determine the 

applicability of the HYTEE Model. 
 

Furthermore, the group score must be equal to or greater 

than 70.0 percent. According to Deslandes et al. [35] and 

Dobbie et al. [23], a criteria for the nominal group 

technique (NGT) is that each participant percentage equals 

or exceeds 70%. A participant completed seven (7) sections 

of a questionnaire in order to conduct an evaluation of the 

HYTEE model. Parts A through G address participant 

demographics, change management, traceability support, 

regression testing support, test effort estimation, report 

generation, and the HYTEE Model's graphical user 

interface, in that order. 
 

Table 9. Demographic Respondents 

 
 

The participant responded to seven (7) sub-sections, 

including gender, career background, job, experience in a 

Software Development Project, involvement in software 

maintenance, years of experience in Software Maintenance, 

and product and type of work involved in a maintenance 

project, according to Table 9. In the gender subsection, 21 

participants, or 60%, were women, and 14 participants, or 

40%, were men. The Academic sector employs five (5) 

individuals at a 14 percent rate. The Public Sector employs 

the most people (22 people) at a rate of 62.8 percent, while 

the Private Sector employs eight (8) at a rate of 22.8 

percent. IT officers have the most participants in the post 

category, with 19 people, or 54%, followed by a variety of 

positions such as programmers, technical managers, and 

business analysts, with 8 people, or 22%. 
 

Three (3) people contributed 8.5 percent to Lecturer and 

Software Project Manager, respectively, while two (2) 

engineers contributed 5.7 percent. According to the 

examination, all participants in the usability evaluation 

phases are professionals, with a minimum of IT officer 

rank. A prior profession in the same subject is quite 

beneficial because it indicates an individual's level of 

knowledge in the field of education. This is congruent with 

Swanson and Holton's [36] stance, which holds that one (1) 

is considered an expert when one (1) possesses knowledge 

and abilities in a certain field. The next section discusses 

the Software Development Project Experience.  
 

According to Table 9, all study participants had prior 

experience in software development. According to Berliner 

[37],[38], a person with more than five (5) years of 

experience in a field is deemed professional and competent. 

As a consequence, a total of 25 research participants 

(71.4%) had more than six (6) years of software 

development experience. 
 

However, 1 (2.8%) have less than one (1) year of 

experience, 8 (62%) have fewer than three (3) years of 

experience, and just 1 (2.8%) have 4 – 6 years of 

knowledge in software development. Concerning software 

maintenance expertise, the majority of participants, or 21, 

had more than six (6) years of experience, six, or 17.1 

percent, had one to three years of experience, three, or 8.5 

percent, had four to six years of experience, and the 

remaining five (5) had no experience in the field of 

computing. 
 

1) NGT Result by User Perseption & Satisfaction 

The 35 respondents selected with some work experience 

were chosen as representatives of them as software 

practitioners in this evaluation. Based on the assessment, it 

was found that the proposed models met their requirements 

and satisfied users. The results of the evaluation indicate 

that the proposed model and it's software traceability with 

effort estimation have achieved some positive efficiency 

and a remarkable understanding of current approaches. 
 

 
Figure 1.  Results of Acceptance Change Management 

Component 
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Figure 1 demonstrates that the total score for component 

B1 in Change Management, based on the responses to the 

questionnaire, was 153, for an overall value of 87 percent. 

The overall score for component B2 was 163, representing 

a 93 percent grade. While B3 has a total score of 152 with 

86 percent, B4 has a total score of 158 with 90 percent. 

According to the participant's opinions and evaluations, the 

outcome demonstrates that all of the HYTEE model's 

subcomponent were accepted with a score of at least 70%. 

 

 
Figure 2.  Results of Acceptance Traceability Support Component 

 

Figure 2 demonstrates that the total score of the 

Traceability Support Component's C1 component, obtained 

from respondents' responses to the questionnaire, was 157, 

or 89 percent. The overall score for components C2 and C3 

was 155, representing a 91 percent grade. While C4 has a 

total score of 160 and a percentage of 91 percent, C5 has a 

total score of 163 and a percentage of 93 percent. Based on 

the participant's opinions and evaluations, the result 

demonstrates that all of the HYTEE model's 

subcomponents with a score of 70 percent or more are 

approved. 

 

 
Figure 3.  Results of Acceptance Regression Testing Support 

Component 

 

Figure 3 demonstrates that the total score of the D1 

Regression Testing Support Component, determined from 

respondents' responses to the questionnaire, was 153 with a 

value of 86%. The overall score for component D2 was 

163, representing a 93 percent grade. D4 has a total score 

of 157 with 89 percent, whereas D3 has a total score of 154 

with 88 percent. According to the participant's opinions 

and evaluations, the outcome demonstrates that all of the 

HYTEE model's subcomponents were accepted with a 

score of at least 70%. The outcome of the HYTEE Model 

for Regression Testing Support Component. 

 

 
Figure 4.  Results of Acceptance Test Effort Estimation 

Component 

 

The Test Effort Estimation Support Component is depicted 

in Figure 4. The total score of the component E1 was 150, 

with a value of 85 percent, based on the views of the 

respondents as revealed by the results of the questionnaire. 

The overall score for component E2 was 160, representing 

a 91 percent grade. While E3 has a total score of 153 with 

87 percent, E4 has a total score of 162 with 92 percent. 

According to the participant's opinions and evaluations, the 

outcome demonstrates that all of the HYTEE model's 

subcomponents were accepted with a score of at least 70%. 

Support Component for the HYTEE Model for Test Effort 

Estimation Output. 

 

 
Figure 5.  Results of Acceptance Report Supoort Component 

 

Report Support Component is depicted in Figure 5. The 

total score of the components' F1 was 163, with a value of 

93 percent, based on the responses of respondents to the 

questionnaire's findings. The component F2 total score was 

157 with a value of 89 percent. While the final total score 

for component F3 is 155 and 88 percent, the result 

demonstrates that all component items in the HYTEE 

model scored above 70 percent and were accepted based 

on the participant's opinions and evaluations. HYTEE 

Model For Report Support Component Output. 
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Figure 6.  Results of Acceptance GUI Component 

 

The Graphical User Interface Component is depicted in 

Figure 6. The G1 component's overall score was 155, with 

a value of 88 percent, based on the perspectives of survey 

respondents as revealed by the questionnaire's findings. 

The overall score for components G2 and G3 was 157, 

representing an 89 percent grade. According to the 

participant's opinions and evaluations, the outcome 

demonstrates that all of the HYTEE model's 

subcomponents were accepted with a score of at least 70%. 

Component of the HYTEE Model for Graphical User 

Interface. According to the analysis that can be 

summarised, the respondent agrees that all of the main 

components and elements inside the main component of 

each element for the accomplishment of the status model 

are adequate for the study participants to utilise HYTEE. 

The recommended method combines static and dynamic 

analysis to build a diversified set of software system item 

dependencies. 
 

V. CONCLUSION AND BENEFIT OF STUDY 
 

The Design & Development Research that was chosen to 

conduct this study had made it possible to consider the 

research issues and to address the research questions. A 

model was developed based on the proposed approach to 

create links and dependencies within the software program 

involving the central artifacts; requirements, architecture, 

test cases, and code. The goal of this model is to create 

traceability from a test case requirement and to code so that 

it can recognize the possible impacts on other sections of 

the system. When such relationships are established, change 

management can be managed correctly.The proposed model 

was then refined, and links to traceability were further 

formed to the specific objects, which included the 

specifications, test cases, packages, classes, and methods. 

Software traceability was controlled vertically and 

horizontally. It has helped handle changes within any 

artefact and update data on coverage accordingly. The 

model used dynamic analysis to capture the 

interconnections between specifications, test cases, and 

code. 
 

The prototype tool, HYTEE, which is based on our 

research, was exposed to the subjects by letting them use 

and evaluate its efficiency and effectiveness under a 

controlled laboratory experiment. Feedback and 

comments from users regarding its usefulness and 

support for software maintenance were taken into 

account. Some questionnaires were designed to 

determine if the prototype tool was helpful and effective 

to support software maintenance. The majority agreed on 

its overall usefulness.Even when examining the problems, 

there were tendencies for the researcher to depart from the 

original planning, even though some slight changes were 

made during the study path through the planning. Whatever 

the improvements, this final chapter has shown that all the 

work targets have been achieved. The consequence of this 

study is the creation and refining of the HYTEE model, 

which was a tool for selection and analysis, allowing an 

understanding of the outcome viewed from the aspect of 

change approach and measurement of effort.In addition, 

this study evaluated the impact on HYTEE efficiency of the 

decision strategy, function, and work-system life-cycle 

model. The outcome is an example of the strong impact of 

decision strategy and function on the HYTEE model. The 

analysis also shows that the proposed model constructs 

affect the entire program change and effort estimation 

method very strongly. The research is one of the first 

attempts at testing function and decision strategy in a life-

cycle model of a working system based on software 

traceability with effort estimation. 
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