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SIGNIFICANT FACTORS IN AGILE SOFTWARE DEVELOPMENT
OF EFFORT ESTIMATION
ABSTRACT

The Agile effort estimation involves project-related and people-related factors.
This research objective is to find the factors that influence Agile effort estimation
significantly through path analysis using a structural equation model. This
research built an agile effort estimation path coefficient model from six
constructs from theories and previous studies. Project-related factors represent
by requirement and design implementation constructs. People-related factors are
measured by the construct of experience, knowledge, and technical ability. The
last construct is the effort itself. SmartPLS is employed for the confirmatory
composite analysis and the structural model assessment. The confirmatory
composite analysis indicated all constructs are reliable and valid. Furthermore,
the structural model assessment found that all factors of project-related
constructs have a positive relationship and significant influence, showing a
coefficient path value of 59.1% between requirement and design implementation
constructs. All constructs represent people-related factors indicated by the
coefficient path value of 67% between experience and knowledge, 42.6%
between experience and technical ability, and 54.4% between knowledge and
technical ability. In addition, all constructs proved influential simultaneously to
effort by 31.1%. Positively contribute provided by requirement, experience, and
technology's ability. Significantly influenced provided by constructs of the
developer's knowledge and technical ability. The largest effect is given by
technical ability, knowledge, and experience on medium and small scales.
Contrarily, both constructs from project-related effects can be negligible because

there was no influence. Based on the result, this study concludes that the



significant factors in Agile effort estimation are technical ability, knowledge, and

experience.

Keywords: effort estimation, agile methodology, project-related factors, people-

related factors, structural equation model, path analysis



INTRODUCTION

One of the crucial parts of a software project is effort estimation. The activity
estimates the amount of effort necessary for developing the software product, in
either man-days or man-hours. In addition, effort is a key factor that serves as a
basis for calculating the cost and schedule needed for completing the project
(Bloch et al., 2012). Generally, an effort is formed by a combination of people
and time, which calculates from the number of productive working hours needed
to complete a job. Man-hours, man-days, man-months, or man-years are typically
used to express the units of effort (Trendowicz & Jeftery, 2014).

In contrast, agile software development methodology is more emphasis on
coding, shorter delivery cycles, and several iterations to complete the software
development. Therefore, the effort estimation in this methodology is crucial
because delivery time and project velocity are calculated based on the estimation
results. Another characteristic of Agile methodology is the collaborative and
cooperative approach between all stakeholders, actively involving users and
empowering the team to make decisions (Project-Management.com, 2019). The
estimation process in Agile divides into two phases, namely, early estimation and
iterative estimation. Early estimation was used to get the initial scope just enough
to describe the entire software project. Meanwhile, iterative estimation conducted
at the start of an iteration is to anticipate new or change requirements.

The top three methods currently used in agile are machine learning, expert
judgment, and algorithmic. The Planning Poker technique is a part of the expert
judgment method most implemented in Agile. Although this technique is in
accordance with Agile characteristics, the result has shown bias value
(Sudarmaningtyas & Mohamed, 2021). In addition, these methods heavily rely on
the estimator experience and rarely involve other factors in the process of

estimation.



The Agile estimation identified factors that are critical in determining
software effort. In addition, people factors are also important because the
estimation process involves a team of developers from different disciplines
(Munialo & Muketha, 2016). Therefore, this study is conducted to find the
significant factors that influence effort estimation in Agile.

Considering the importance of estimation efforts in Agile, expected the
significant factors produced in this research can contribute to improving the
existing Agile effort estimation method. In addition, implementation of those
factors expected creates a better estimate of effort and increases accuracy while
reducing the technicality and time required.

This paper organizes into five sections. Section 1 contains the research
background, followed by describing related works. Section 3 discusses the
research methodology that involves the path coefficient model development,
questionnaire based on our research questions and hypothesis, examine and assess
the structural model. Section 4 is the result and discussion of our findings, and the

last section is wrapped up our conclusions.
RELATED WORKS

Agile software development (ASD) methods are lightweight methods that focus
on simplicity, speed, self-organizing teams, and involving the customer as part of
the team. Simplicity and speed can be achieved through more straightforward
design and iterative development cycles. Each development cycle emphasizes
delivering a demonstrable working product that focuses on the main functions.
The customer involved in each development cycle is like a team member so that
the requirement customer, who often changes, can be anticipated quickly by the

team (Abrahamsson et al., 2002; Bourque & Fairley, 2014).



ASD is based on an iterative and incremental development model that
promotes rapid response to changes and focuses on customer satisfaction, timely
and continuous delivery, informal methods and minimal planning (Fernandez-
Diego et al., 2020). ASD methods have several advantages, such as delivering
working software faster, dealing with changing user requirements, and promoting
better working relationships among all stakeholders (Zhang et al., 2010). Those
advantages can significantly reduce the apparent overhead associated with
heavyweight, plan-based methods used in large-scale software development
projects and resolve issues of slow execution on concurrent engineering (Boehm,
2006; Bourque & Fairley, 2014).

Scrum, Xtreme Programming (XP), Test Driven Development (TDD),
Agile Unified Process (AUP), Kanban, and Distributed Agile Software
Development (DASD) are ASD dynamic methods available for developing a
software product. Each method has its unique attributes and qualities, so choosing
the proper method is a critical task, and it should be based on the project
requirements (Fernandez-Diego et al., 2020; Prakash & Viswanathan, 2017).

Effort estimation is a crucial part of ASD for three reasons: 1) maximize
project velocity; 2) optimize individual developer effort across multiple projects;
3) optimal scheduling to achieve global efficiencies (Malgonde & Chari, 2018).
The majority of the effort estimation method used in ASD is the expert judgment
method, especially the Planning Poker technique (Sudarmaningtyas & Mohamed,
2021).

Following the characteristics of ASD, effort estimation is usually
conducted by structured group consensus and lightweight approaches. In addition,
it is also based on the user story that delivers in one or two sentences contains
pieces of functionality or feature software worth for the user. (Trendowicz &

Jeffery, 2014). Commonly, estimates conducted periodically, internally



generated, and must be involved stakeholders to compromise, review, and reach
an agreement concerning the number of resources and time to finish the projects
(Bourque & Fairley, 2014). Provide an approximation of the resources needed to
complete a project, especially delivery products or services in accordance with
the specified characteristics of functional and non-functional is the objective of
estimation effort (Project Management Institute, 2017).

Instead of giving by a single value, the estimation value is better expressed
in intervals because estimator confidence that of a possibility that the actual
efforts will be within range (Jorgensen, 2016). In addition, it could also provide
three estimates: best-case (optimistic), normal-case (most likely), and worst-case
(pessimistic) scenarios. To obtain best-case and worst-case scenarios, multiply
percentages according to the organization’s norms and confidence level in the
opportunity in question with normal-case (Chemuturi, 2009).

The Agile effort estimation is influenced by factors related to the project
and factors related to people. The factors related to the project include the type of
project, quality requirements, hardware and software requirements, ease of
operation, complexity, data transaction, and multiple sites. People-related factors
consist of communication skills, familiarity in a team, managerial Skills, security,
working time, the experience of the previous project, and technical ability (Popli
& Chauhan, 2014). Accuracy in the agile effort estimation relied heavily on the
expertise of professionals in software development. Thereby that estimation
conducts by expert groups could be diminished the optimism bias arising from
group discussion (Lenarduzzi et al., 2015; Lopez-Martinez et al., 2018; Mahnic
& Hovelja, 2012).

METHODOLOGY

Development of Path Coefficient Model



In the Agile effort estimation, the project factors are essential to determine. In
addition, people factors are also important because the estimation process
involves a team of developers from different disciplines (Munialo & Muketha,
2016; Popli & Chauhan, 2014). People-related factors represented the expertise
of each team showed by the experience, domain knowledge, and technical ability
(Popli & Chauhan, 2014). To get better results, estimation effort should include
observance of various factors derived from software development methodology.
For that reason, project-related factors acquired from an Agile development
methodology consist of two activities which are: requirement engineering, and
design implementation (Chemuturi, 2009; Sommerville, 2011). The mapping
factors are based on the theoretical aspect of the previous research described in
Table 1.

Table 1

Mapping factors based on the theoretical aspect
Agile Development Methodology

People factors Requirement Engineering Design Implementation
Experience The quality requirements Ease of operation
Domain knowledge Complexity
Technical ability Data transaction

This study constructs a relation of factors grounded in previous literature
studies, and the graph consists of three parts, as depicted in Figure 1. The first
part, indicated with the orange dash line, represents project-related factors derived
from the Agile development methodology column in Table 1, comprising two
variables. The second part, the area surrounded by the blue dash line, corresponds
with the people factors column, containing three variables. Finally, the last part
reflects the effort itself. Survey results will confirm the relation of factors in this

graph to achieve this research objective.



Y02-Know

Y03-Tech

Z-Eff

Figure 1. The Factors Relation Grounded in Previous Literature Studies

Project-related factors comprise of requirement variable, and design
implementation variable; that symbolized by X01-Req and X02-Deslmp
respectively. People-related factors; indicated by YO1-Exp, Y02-Know, and Y 03-
Tech are represented by experience, knowledge domain, and technical ability. In
addition, the effort constructed is denoted by Z-Eff. Based on theory, variable in
the project-related factors has correlation, where the requirement influences
design implementation. On the other hand, variable in the people-related factors
has a relation that assumes that developer's experience would leverage their
knowledge and technical ability. In addition, technical ability is also aftected by
knowledge. Therefore, the requirement, design implementation, experience,
knowledge, and technical ability influence the effort.

This study proves assumptions on this model through nine (9) hypotheses
constructed based upon research questions emerge. Table 2 reveals the research

questions derived from this model and the hypotheses related to the research



questions. The first column contains research questions about the relationship of

any constructs, while the next column explains hypotheses related to those

research questions.

Table 2
Research question lead hypotheses

Research Question

Hypothesis

ROLI:

Do requirements influence the design
implementation?

HI:

The Requirement construct is positively
related to the design implementation
construct.

RQ2: Do requirements affect effort H2: The Requirement construct is positively
estimation? related to the effort construct.
RQ3: Do design implementation affect the H3: The construct of design implementation

effort?

is positively related to the effort

construct.

RQ4: Does experience have an impact on a H4: The experience construct is positively

developer's knowledge domain? related to the knowledge domain
construct.

RQ5: Does  experience  influence a HS: The experience construct is positively
developer's technical ability? related to the technical ability construct.

RQ6: Do experience influence effort H6: The experience construct is positively
estimation? related to the effort construct.

RQ7: Does the knowledge affect the H7: The knowledge domain construct has

RQ8:

RQO9:

developer's technical ability?

Does knowledge have an impact on
effort estimation?

Does the technical ability influence
effort estimation?

HS:

HO:

positive relationships with the technical
ability construct.

The knowledge domain construct has
positive relationships with the effort
construct.

The construct of technical ability has a
positive relationship with effort.

The relationship and influence between constructs are captured in Table
3. The relation notation between two constructs is written in the first column,
relation direction in the second column, and the associated hypotheses number in
the last column.

Table 3
Structural relationships and hypotheses

Structural Relationships Direction Hypothesis
X01-Req -> X02-DesImp + H1
X01-Req -> Z-Eff + H2
X02-Deslmp -> Z-Eff + H3




Table 3
Structural relationships and hypotheses

Structural Relationships Direction Hypothesis
YO01-Ex -> Y02-Know + H4
YOI-Ex -> Y03-Tech + H5
YO01-Ex -> Z-Eff + Hé6
Y02-Know -> Y03-Tech + H7
Y02-Know -> Z-Eff + HS8
Y03-Tech -> Z-Eff + H9

The first column in Table 3 contains a notation of relations between two
constructs, and the second column contains the relation direction. For example,
the structural relationship denoted X01-Req -> X02-DesImp indicates that the
requirement construct influences the design implementation construct. When
X01-Req positively influences X02-DesImp, the direction column fills by a plus
sign (+). In contrast, the negative direction relationship signaled the negative

impact between the two constructs.
Questionnaire

To confirm the relations of those factors conducted by the survey through
distributed questionnaire was developed based on six constructs in Figure 1, and
several indicators measure each construct. The association between factor,

construct, and indicator is revealed in Table 4.

Table 4
Factor, construct, and indicator relationship
Factor Derived Construct Indicator Description
from Previous
Literature
Studies
Requirement Requirement Functional requirement Measure the quality
Engineering Non-functional requirement requirements
Design Design User interface Assess the ease of
Implementation  Implementation Software and hardware operation
interfaces
Diversity of technology Represent the

The sophisticated or novelty ~ complexity
technology




Table 4
Factor, construct, and indicator relationship

Factor Derived Construct Indicator Description
from Previous
Literature
Studies
Coding Complexity
Database Size Element of the data
Database Complexity transaction
Experience Experience Job experience Indicators are used to

Effort estimation experience measure the
estimator experience

Domain Domain Similar project Estimator domain
Knowledge Knowledge Good track record knowledge assessed
by the frequency of

involvement in the
similar project and
its track records

Technical Technical Ability Technical ability Technical ability is

Ability Involve in many projects evaluated by the
level estimator
technical ability and

the number of
projects involved.
Effort Effort Guess/intuition The way of
estimating effort
Experience
Track record
Attributes

Construct is a representative of a conceptual definition built from a set of
indicators. An indicator is in the form of a single variable used in conjunction with
one or more variables to form a composite measure, where each indicator has
attributes. Attributes embedded in indicators are complexity and size because
these attributes mostly used agile effort estimation in the last three years
(Fernandez-Diego et al., 2020; Sudarmaningtyas & Mohamed, 2021). All
constructs, indicators, and attributes used in the questionnaire are briefly
described in Table 5, and the questionnaire that used to collect data entirely served

in Appendix 1.



Table 5

uestionnaire constructs and indicators

Construct Scales Type Indicator Description
X01-Req 1: Never (0%) | X1: Functional Frequency of the complexity of
(Requirement) 2: Occasionally | requirement functional requirement

(30%) Complexity considered by developers in
3: Sometimes estimating efforts.
(50%) X2: Non- Frequency of the complexity of
4: Normally functional non-functional requirements
(80%) requirement considered by developers in
5: Always Complexity estimating efforts.
(100%)
X02-DesImp 1: Never (0%) | X3: User In effort estimation, directly or
(Design 2: Occasi- interface indirectly, consider the
Implementation) onally (30%) | Complexity complexity of software user
3: Sometimes interface
(50%) X4: Software and | In effort estimation, directly or
4: Normally hardware indirectly, consider the
(80%) interfaces complexity of interfaces between
5: Always Complexity software and hardware
(100%) X5: Diversity of | In effort estimation, directly or
technology indirectly, consider the diversity
technology that uses
X6: The In effort estimation, directly or
sophisticated or indirectly, consider the
novelty sophisticated or novelty
technology technology that uses
X7: Coding In effort estimation, directly or
Complexity indirectly, consider the difficulty
level of coding
X8: Database In effort estimation, directly or
Size indirectly, consider the database
size
X9: Database In effort estimation, directly or
Complexity indirectly, consider the database
complexity
YO01-Exp 1: None; Y1: Job Adequate job experience can
(Experience) 2: Low; experience affect a person to produce more
3: Fair; accurate estimates
4: High;
5: Very High.
Y?2: Effort Experience in estimating effort
estimation may affect one individual to
experience produce a more accurate estimate.
Y 02-Know 1: None; Y3: Similar Frequently involved in similar
(Domain 2: Low; project projects can affect a person to
Knowledge) 3: Fair; produce more accurate estimates.




Table 5
uestionnaire constructs and indicators

Construct Scales Type Indicator Description
4: High; Y4: Good track A good track record in previous
5: Very High. record projects can affect a person to
produce more accurate estimates.
Y03-Tech 1: None; Y'5: Technical Developers who have technical
(Technical 2: Low; ability expertise can produce more
Ability) 3: Fair; precise estimates.
4: High; Y6: Involve in Involving in many projects can
5: Very High. many projects affect a person to produce more
accurate estimates.
Z-Eff 0: No; Z1: Mechanism of estimating effort
(Effort) 1: Yes. Guess/intuition just by guessing or based on
intuition.

72: Experience Mechanism of estimating effort
based on experience.

73: Track record | Mechanism of estimating effort
based on previous projects track
record.

Z4: Attributes Mechanism of estimating effort
using specific attributes that are
related to the project.

Requirement constructs have two indicators because software system
requirements are generally classified as functional requirements or non-functional
requirements. The indicators are used to measure design implementation,
classified by the interface, technology, developing programs, and database. The
chosen indicator represents an important design implementation process because
most of the agile methods users did not require detailed design documentation.
Interface indicator denoted by the user interface and hardware-software interface.
Technology is represented by indicators of diversity and sophistication or novelty.
Finally, coding is an indicator for developing a program, while the size and
complexity indicators represent the database (Hamouda, 2014; Khatri et al., 2016;
Pasuksmit et al., 2021; Rosa et al., 2021; Sommerville, 2011; Yuliansyah et al.,
2018).

The developer's experience, domain knowledge about the project, and

technical ability are important aspects of software project development



experience measured by job experience and effort estimation experience. In
addition, domain knowledge is measured by being frequently involved in similar
projects and has a good track record in previous projects. Finally, technical ability
is measured by the developer's technical ability and involvement in many projects
(Adnan & Afzal, 2017; Fernandez-Diego et al., 2020; Popli & Chauhan, 2014).
How to perform the effort estimation be an indicator of effort. Perform
effort estimation through guess or intuition is the first indicator. The second
indicator performs effort estimation based on experience. The third estimation
effort is based on the track record in previous projects, and the last is using

attributes-related projects to estimate the effort (Popli & Chauhan, 2013).
Respondents

Agile effort estimation is usually done through a group discussion that has an
advantage empowered developers’ team to decide the estimated effort
(Sudarmaningtyas & Mohamed, 2020). Therefore, this study is targeting
developers as respondents. In addition, estimation efforts conducted by the
developers have higher accuracy than beginner's estimates (Lenarduzzi et al.,
2015; Loépez-Martinez et al., 2018, 2017). The expertise of professionals in
software development is the primary aspect that influences estimation accuracy
through Planning Poker. The estimation conducts by expert groups could be
diminished the optimism bias arising from group discussion (Lenarduzzi et al.,
2015; Lopez-Martinez et al., 2018; Mahni¢ & Hovelja, 2012).

The sample size was determined by G*Power software because the
previous studies did not specifically mention the number of respondents. Our
sample size is calculated with criteria t-test linear multiple regression with
significant error 5%, effect size 0.35, and 5 predictors. With those criteria, the
minimal sample size that G*Power suggests is 40. The source data in this study

were collected from 41 developers as respondents, which is the fulfilment of the



minimal sample size. Respondent demographics are classified by gender and three

aspects, as revealed in Table 6.

Table 6
Respondent demographics
Aspect Male Female Total
Job Experience > 10 years 5 3 8
6 — 10 years 6 1 7
3 -5 years 10 4 14
<3 years 12 0 12
Total 33 8 41
Project Experience > 10 projects 16 4 20
6 — 10 projects 7 0 7
3 — 5 projects 7 3 10
< 3 projects 3 1 4
Total 33 8 41
Conduct Effort Estimation Always (100%) 11 3 14
Normally (80%) 17 3 20
Sometimes (50%) 5 2 7
Occasionally (30%) 0 0 0
Never (0%) 0 0 0
Total 33 8 41

The above table shows that respondents dominated by males are as much
as 80%, while 20% is female. In addition, 71% of respondents have job
experience of more than three years and 66% have been involved in more than six
projects. Most respondents (83%) have experience in effort estimation, and 95%
of respondents believe that effort estimation result is more accurate when
attributes associated with the project are considered during estimation. Raw data

obtained from the survey contained in Appendix 2.
Examine And Confirm the Structural Model

The structural model examined and confirmed through executing a confirmatory
composite analysis (CCA) with evaluating path coefficients, construct reliability,
and construct validity. Path Coefficients are measured by the indicator loadings.
Construct Reliability can be assessed using two approaches: the traditional

approach of Cronbach’s alpha, and composite reliability. However, composite



reliability is the preferred reliability metric for structural equation modelling
(SEM) statistical techniques. Construct Validity is evaluated by examining
convergent and discriminant validity (Hair.Jr. et al., 2020).

The path coefficient examined by the values of indicator loadings should
be at least 0.50 and ideally 0.708 or higher. The reliability of constructs is
suggested to be above 0.70 for both Cronbach’s alpha and composite reliability.
Convergent validity is measured by the average variance extracted (AVE) with a
value of at least 0.5. Discriminant validity is evidenced when a reflective construct
has the strongest relationships with its own indicators compare with any other
construct in the path model. Discriminant validity is evaluated through the result
of the Fornell-Larcker criterion. On this criterion, the shared variance within the
constructs should be larger than the shared variance between the constructs

(Bourque & Fairley, 2014).
Assess The Structural Model

The structural model, as known as the inner model, was assessed by evaluating
the size and significance of the structural path relationships, asses R’, examine the
F effect size, and evaluate the predictive relevance based on O°. Evaluating the
size and significance of the structural path relationships is required to examine
whether the determined hypotheses gain empirical support that indicated by ¢
values exceed +/- 1.645. The goal of asses R’ is to measure the variance of
endogenous variables exhibited X02-DesImp, Y02-Know, Y03-Tech, and Z-Eff
(HairJr. et al., 2020).

The £ statistics indicate the relative strength of each independent variable
in predicting the dependent variable. The # was evaluated by observing the
change in R’ when each independent variable was excluded in turn. The £ value
0f 0.02, 0.15 and 0.35 represents small, medium, and large effects (Hair.Jr. et al.,

2020).
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Predictive accuracy by evaluating the O* where the positive value
indicates that the developed model can accurately predict data points reflective

indicators of endogenous variables (Hair.Jr. et al., 2020).

RESULTS AND DISCUSSION
Confirmatory Composite Analysis

The preliminary path coefficient model to find significant factors in Agile effort
estimation (AEE) has six constructs and 19 indicators, as revealed in Figure 2.
Two constructs in project-related factors measured by 11 indicators where
requirement constructs have two indicators, while the design implementation
construct are supported by nine indicators. Each construction represents a people-
related factor measured by two indicators, and the rest contributes to the efforts’

construct. We implement the preliminary path coefficient model in SmartPLS.

Y1 Y2

~_

X1
X2

X01tReq

X3
X4
X5
X6
X7
X8

X9

Z1 72 Z3 4

Figure 2. Preliminary Path Coefficient Model



The result of outer loading in the first running found that indicators X7
and Z1 in X02-DesImp and Z-Eff constructs have insignificant ¢ Statistic.
Consequently, those indicators were omitted from the preliminary model. In the
second executing, the X02-Deslmp construct AVE value is lower than requisite.
Therefore, X8 as the indicator with the lowest outer loading is deleted. Thus, the
X02-Deslmp construct is expected to reach the value of the required AVE.
Finally, all constructs have achieved the requisite AVE value in the third running,
and the confirmed path coefficient model is depicted in

Figure 3.

Y1l Y2

X1
X2

X3 0.693

X4 0.%30

X5 0,788

0,730
X6

X9 0.678 X02-DeSlmp

-0.0%9

0.886, 0.725 0.584
72 73 74

Figure 3. Confirmed Path Coefficient Model

In the confirmed path coefficient model, almost all indicators have ideal
factor loadings values, except X3, X9, and Z4. Although the factors are not ideal,

the third indicator complied with the rule as the load factor value is above 0.5.



The third indicator has fulfilled the rule because the loading factor value is above
0.5.

Constructs that represent project-related factors, both indicators in the
constructs of Requirement (X01-Req) can be measured significantly with the
loadings of functional requirement (X1) is 88.5%, and non-functional requirement
(X2) is 86.9%. In addition, construct of Design and Implementation (X02-
DesImp) influenced significantly worth 69.3% of the user-interface complexity
(X3), 73% of the complexity of the software-hardware interface (X4), 78.8% by
a variety of technologies (X5), 73% of sophisticated/novelty of the technology
(X6), and 67.8% of complexity database (X9). However, the Design and
Implementation constructs are insignificantly influenced by indicators of
difficulty of coding (X7) and database size (X8).

In contrast to project-related factors, all indicators on each construct
representing the people-related factors can significantly influence because they
have loadings factor values above the ideal value. In addition, the construct of
Effort (Z-Eff) has the same situation as the X02-DesImp construct, where not all
indicators are influential significantly. The indicators that significantly influence
Z-Eff are Z2, 73, and Z4 with loadings factor values worth 88.6%, 72.5%, and
58.4%, while indicator Z1 (guessing/intuition) proved no effect.

A conventional reliability assessment with Cronbach’s alpha indicates that
four constructs have good reliability, while the others are classified as acceptable.
Likewise, composite reliability, the preferred reliability metric in SEM, reflects
good reliability because the value is above 0.70 for all constructs. Therefore, all
constructs in this model are reliable and valid, as shown in Table 7.

Convergent validity assessed by AVE demonstrates good validity because
the AVE value is above 0.5 for all constructs. In addition, discriminant validity

assessed by Fornell-Larcker also indicates good validity. It is supported the value



of the reflective construct with its own indicators are higher than any other

construct in the path model.

Table 7
Results of reliability assessment
Reliability Assessment Validity Assessment
Construct
Cronbach’s Alpha  Composite Reliability =~ AVE ~ Fornell-Larcker

X01-Req 0.700™ 0.869"™  0.769 0.877""
X02-DesImp 0.776™ 0.847""  0.525 0.725™"
YO1-Exp 0.713" 0.874™ 0.777 0.881""
Y02-Know 0.604" 0.835" 0.716 0.846™"
Y03-Tech 0.726™ 0.879™ 0.784 0.886™"
Z-Eff 0.576" 0.781""  0.550 0.742""
Note:

*Acceptable; ““Good; ““The value of the reflective construct with its own indicators are higher
than any other construct.

Measurement quality of the CCA result shows that all constructs in the
path coefficient model can be confirmed. This result is also assured that the six
reflectively measured composite constructs in the confirmed path coefficient

model are reliable and valid.
The Structural Model Assessment

Estimates of path coefficients and significance of the structural path relationships
is conducted to examine whether there is empirical support for the pre-determined
hypotheses. Five hypotheses (H1, H4, H5, H7, H9) are empirically supported
because they have consistent and significant values with hypothecated ones.
Although H2 and H6 have a positive direction but are insignificant; in contrast,
HS has a significant influence although a negative tendency. In addition, H3 has
inconsistent signs and is insignificant. Path coefficients and significance testing

as the result of SmartPLS revealed in Figure 3 are presented in Table 8.



The path coefficient values, and ¢ Statistic indicate that the Requirement
construct is positively related and significantly influences the Design and
implementation construct. Thereby, the H1 hypothesis is accepted. Thus, an
increase of 55.9% on the construct of Design and implementation for each
increase occurred in the Requirement construct. On the other hand, the
Requirement construct is positively related to the Effort construct, although the

influence is insignificant. It means the H2 hypothesis is also acceptable.

Table 8
Path coefficients and significance testing
Hypothesis Structural Relationships Path Coefficients ¢ Statistic

HI X01-Req -> X02-DesImp 0.591 4912"
H2 X01-Req -> Z-Eff 0.048 0.184
H3 X02-DesImp -> Z-Eff -0.049 0.203
H4 Y01-Exp -> Y02-Know 0.670 4.926™
H5 YO01-Exp -> Y03-Tech 0.426 3.686™
Hé6 YO01-Exp -> Z-Eff 0.246 0.774
H7 Y02-Know -> Y03-Tech 0.544 5.034"™
H8 Y02-Know -> Z-Eff -0.669 2.173"
H9 YO03-Tech -> Z-Eff 0.764 2.511"

Note: “p<0.05; *p<0.01

Design and Implementation construct not positively related and influences
insignificant to Effort construct. In other words, every increase in Design and
Implementation construct will decrease the Effort construct by 4.8%. Due to that
reason, the H3 hypothesis is rejected.

The Experience construct has positively related to the constructs of
Knowledge, Technical Ability, and Effort. This construct significantly influences
the Knowledge construct as 67%, while the Technical Ability construct is
influenced by 42.6%. Nevertheless, this construct is insignificant on the Effort
construct. Therefore, based on the statement, the hypotheses of H4, HS, and H6
are acceptable.

Knowledge constructs significantly influence the technical ability and

Effort constructs, respectively, reaching 54.4% and 66.9%. However, the



Knowledge construct contrasts with the other constructs because it has negatively
related to the Effort construct. Therefore, hypothesis H7 is acceptable
nevertheless rejects hypothesis HS.

Hypothesis H9 is acceptable because the Technical Ability construct has
positively associated and significantly influence the Effort construct. Every
improvement in the Technical Ability constructs increases the Effort construct by
76.4%.

Observing R’ values shows the ability of exogenous constructs in
clarifying endogenous constructs. The exogenous construct X01-Req gives
moderate influences by 34.9% to endogenous construct X02-DesImp, while
exogenous construct YO1-Exp gives strong influences as 44.9% to endogenous
construct Y02-Know. Endogenous variable Y03-Tech got strong influence
simultaneously from exogenous constructs YO1-Exp and endogenous construct
Y 02-Know as 78.9%. The last endogenous construct is Z-Eff that simultaneously
influenced by constructs X01-Req, X02-DesImp, YO1-Exp, Y02-Know, and Y03-
Tech by 31.1%. This indicates that the Effort construct was also influenced by
another construct not mentioned in this study.

The interest of this study is on the effect size of endogenous construct Z-
Eff. Construct YO1-Exp contributes a small size effect to Z-Eff by 0.028. On the
other hand, the constructs of Y02-Know and Y03-Tech give a medium effect size
to the Z-Eff. In addition, the effect of X01-Req and X02-Deslmp is considered
negligible because it did not affect the Z-Eff construct. Constructs that account
for most of the variance in Z-Eff'is Y03-Tech followed by Y02-Know with effect
size f2 is 0.164 and 0.155. The results of examining the f2 effect size are
completely served in Table 9.

The evaluation revealed that all endogenous constructs have Q7 values:

X02-Deslmp of 0.148, Y02-Know has 0.279, Y03-Tech by 0.576, and Z-Eff is



worth 0.102. This evaluation indicated all Q7 values are above 0.0, which means
the confirmed path coefficient model able to provide relevant predicting for all

endogenous constructs.

Table 9

Examine the £ effect size
R? for Z-Eff  f Effect Size

R2 Includes all variable 0.311

R2 Excludes X01-Req 0.309 0.003

R2 Excludes X02-DesImp 0.310 0.001

R2 Excludes YO1-Exp 0.292 0.028

R2 Excludes Y02-Know 0.204 0.155

R2 Excludes Y03-Tech 0.198 0.164
CONCLUSION

This study found that the project-related factors, represented by requirement and
design implementation, and people-related factors, consist of experience,
knowledge, and technical ability, proved influential simultaneously to effort by
31.1%. This outcome supports and aligns with Popli and Chauhan's (2014)
research result and Munialo and Muketha's (2016). Although all factors
simultaneously influence effort, not all the factors that have a positive relationship
and significant influence. According to our acceptable hypotheses, requirement,
experience, and technology's ability positively contribute to Agile effort
estimation. In addition, Agile effort estimation is significantly influenced by the
developer's knowledge and technical ability.

The assessment on the people-related factors provides effect size to effort
on a small scale and medium scale where technical ability (Y03-Tech) gives the
largest effect size followed by knowledge (Y02-know) and experience (Y03-
Exp). Contrarily, the effects of project-related can be negligible because there was
no influence from both constructs of their representatives. This is consistent with
the previous results, stating that requirement, and designs & implementation do

not significantly influence the effort. Therefore, this study concludes that people-



related factors, especially technical ability, knowledge, and experience, are
significant in Agile effort estimation.

Our conclusion is supported by the research finding of Asnawi et al.
(2012) that software developers' involvement is the top factor in Agile methods.
In addition, our acceptable hypotheses strengthened the conclusions research of
Ramessur & Nagowah (2020) that stated the two most impacting factors in Agile
projects are staff experience and technical ability, and complexity of
requirements.

Further research is built more accurate Agile effort estimation by
implementing those significant factors. In addition, exploring the other factors
that influence agile effort estimation is also important because, based on our
findings, the simultaneous influence on project-related and people-related factors
is 31.1%. This value convinces that there are still many other indicators that future

researchers can explore.
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Appendix 1. Questionnaire

i 4

Z

3.

PART 1. PERSONAL
DATA

EFFORT ESTIMATION QUESTIONNAIRE

Effort estimation is a crucial part of the software development process because effort
estimation accuracy can help determine the software delivery time to customers. Besides
that, the estimation effort can be used to calculate the cost of developing software.
Trendowich (2014) defines effort as a combination of person and time, representing the
amount of fully productive work time one person would need to compliete a certain work.
This questionnaire aims to determine the developer's point of view about the factors
contributing to making an effort estimation and the attributes that influence effort
estimation accuracy.

This questionnaire consists of three (3) parts. The first part contains questions about
personal data. The second part contains factors that influence the estimation value, and
the third part contains parameters that make the estimates more accurate.

To achieve these abjectives, please fill out this questionnaire based on your experiences.
Researchers would like to thank you for your participation.

* Required

Email *

Your personal data is protected, not published, and used anly in this
research.

Name *

Gender *
Mark only one oval.
) male

() Female



4 Period of employment (year) *

Mark only one oval.

( )e-10

C)>10

5. Number of involvement in software development projects. *

Mark only one oval.

() <3 projects

) 3 -5 projects

() 6-10 projects

() >10 projects

Commonly, software development projects are done by a team. Any members of
PART 2. the team have a specific role, task, and responsibility. The team's estimation
determines the completion time of a project to the tasks under their

EFFORT responsibility.

ESTIMATION Fill in the following statements based on your perspective and experience while
conducting effort estimation for each task.

ATTRIBUTES 4

6. Every involved in a project, ! ...*

Mark only one oval.

Never done effort estimation Always doing the effort estimation



7.

I conduct effort estimation through ... *
Check all that apply.

|| Just guessing or based on intuition
[ | Based on experience
IT Based on the track record of the previous project

[7} Based on specific attributes that related to the project

Effort estimation more accurate when based on attributes associated with the
project.”*

Mark only one oval.

Disagree Strongly Agree



9 Directly or indirectly, | consider the following attributes to create an effort
estimation. ™

Mark only one oval per row.

Never  Occasionally Sometimes Normally Always
(0%) (30%) (50%) (80%) (100%)

The complexity of software
- - O A N

user-interface

The complexity of interfaces
between software and
hardware

Variety of technologies that
use

The use of sophisticated/
novelty technologies

Functional requirements
complexity

Non-functional requirements
complexity

The difficulty level of
coding

Database size

000010100
0000|0000
0|0j0|0]0]0|0 |0
0000|0010 |0
0000|0010 |0

Database complexity

10 Write three (3) attributes that you normally or always use in effort estimation but
not yet mentioned in the previous point.



1. | generally expressed the value of effort estimation in the form of ...*

Mark only one oval.

C) Story points that stated the effort thru the Fibonacci numbers series (1,2, 3,5, 8,

4.

Q T-shirt sizing, the effort size stated small, medium, or large labels that indicate
level complexity.

) Time buckets, the effort estimation expressed in days and hours.

PART 3 Several factors can infivence the accuracy of a person in estimates. This section
used to know factors affecting someone in making accurate estimates.
ACCURACY

ATTRIBUTES

12. inmy experience, the following attributes can affect a person to produce more
accurate estimates. *

Mark only one oval per row.

No Low Fair High Very High
Impact  Impact Impact  Impact Impact
Application experience and ) P s
) Y Y

familiarity. — (- — —
The technical ability of the

Y -
Phnaey o o O O O
Effort estimation experience. C) ( C) ( &
Involving in many projects. D) G O ‘\/—) )
Adequate job experience. C) ) D (@) C,"
A good track record on \ —

e o O O O )

previous projects.

13, Write three (3) attributes that influence a person to produce a more accurate

estimation but not yet mentioned in the previous point.

This content is neither created nor endorsed by Google.



Appendix 2. Survey result
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