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Abstract—Measurement is an emerging field of software engineering. A systematic and efficient measurement process can assist in
the production of quality government web applications since it can support planning, monitoring, and improving the software
development process. The quality of software products is often measured using the metrics-based method. Various types of software
metrics have been suggested in the last three decades to measure software quality, track software progress, estimate effort and certify
software products. However, the process of identifying and determining a suitable software metrics is still lacking in term of guidance
and structure. Without an effective method to evaluate and select suitable metrics, the time spent for selecting the correct and
relevant metrics may offset the advantages of using them. In this paper, using the Evaluation Theory as the base theory and building
upon the integration of Goal Question Metric (GQM) approach, a conceptual framework of software metrics selection (SMeS) was
proposed. The main elements of the proposed conceptual framework include goal-based metrics selection process integrating with
GQM, evaluation criteria, reference standard, and synthesis technic in decision making mechanisms. The integrated framework
produces a software metrics selection process which is more structured, transparent, and directive in choosing a set of relevant
metrics that may help the organizations’ measurement program. The result from this study improves the existing metrics software
selection model and serves as a guideline in implementing a clear and practical software metrics selection.

Keywords— software metrics; software quality; evaluation theory; goal question metrics.

However, there is no consensus on which metrics are
. INTRODUCTION relevant and worthy of selection [2], [7], [5], [8]. Studies
Systematic measurement is important in software have verified that after the second year of implementing
organizations to track and maintain the quality attributes of measurement metrics, 50%-80% of these measurements are
project deliverables. Making the measurement processesnot maintained [9], [6]. The studies also found a very high
work in organizations requires collecting correct and failure rate in metric implementation—66.7%. This paper
relevant metrics. In order to obtain metrics and addresses these issues by integrating the Evaluation Theory
measurements that address the needs of organizations, thend Goal-Question-Metric (GQM) as a basis for a proposed
measurement process must be structured and guidedconceptual framework for software metrics evaluation and
Software metrics is a measure of software characteristicsselection model.
which are measurable or countable. Software metrics is “an This framework informs practitioners of the most valuable
objective, mathematical measure of software that is sensitivemetrics and most important goals of organizations, and thus
to differences in software characteristics. It provides a help them make informed decisions when collecting the right
quantitative measure of an attribute which the body of metrics. This study proposed two research questions. Firstly,
software exhibits” [1]. Metrics are used to improve software what are the components needed in a software metrics
quality, to track software progress, and to certify software evaluation and selection model?. Secondly, how can the
products [2]. Many studies have proposed different types ofcomponents be integrated to develop a model?This paper is
metrics such as security metrics[3], crawlability metrics [4], organized as follows: the materials and methods are
and web application metrics [5]. Software metrics will presented in Section Il. Results and discussion are outlined
influence a measurement program and eliminating inaccuraten Section Ill. Finally, a summary of the findings and
metrics will improve software performance and reduce recommendations for future work are laid out in Section IV.
software wastage [5].
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[I. MATERIAL AND METHOD early as the initial planning in order to fulfill the

A good measurement framework has the following org_ar_1ization’s needs [12]. T_here is no standard way of
characteristics: i) is consistent with user objectives; iy defining the structure, quantity, and syntax of goals and

measures what is required: iii) measures all elements that thduestions  [25]; (i) Insufficient cost-saving methods.
user needs to achieve his goals, and iv) is valid in the Collection of data has been a critical activity due to cost
environment it is used [3], [13], [5], [14]. Measurement CONCerns. o _

plays an integral role in improving software processes. Also, Furthermore, organizations have res.trlcted resources to
it also increases the effectiveness of communication betweerfUnd measurement programs. To achieve cost reduction
software organizations and customers. The success of'Nen managing measurement programs, questions and goals
measurement programs depends on a two-level approac}"EOUId be reused, and the number of metrics limited [25]; (iv)
The first level involves collecting metrics, coaching, metrics -ack of measurement expertisghe lack of informed
analysis, data collection procedures, metrics quality, judgment for selecting the relevant number of metrics is
automatic tools development, and response [3]. The second@nother reason for unsuccessful software measurement
level includes goal setting by stakeholders, resourcePrograms. Due to universities only teaching measurement
sufficiency, organization funding, and capability level [15]. [OPICS to post-graduates and not making it compulsory for

The details of the success factors can be read in [15]. undergraduates, software engineering graduates have
insufficient measurement skills [26]; (Womplexity As

A. Research Background time passes, the complexity of measurement programs
The management has access to numerous modelsincreases, mainly due to adjustments in metrics, vertical and

standards, and frameworks, which have been developed tdiorizontal dependencies between goals, information needs,
assist them in arranging measurement programs. GQM_and change of_stakeholders in _dynam|c environments [21]._
DSFMS, a GQM-decision support framework for metrics ~ The Evaluation Theory [27] is very closely related to this
selection, is one such example [11] as well as the softwareStudy. (_Benerally, an evaluation includes |den_t|f|cat|0n of
ageing measurement framework [16], GQM for efficient @Ppropriate standards, assessment, scrutiny of the
measurement framework [17], quality model for web-based achievement of targets, and analysis of the results. In

application [18], software security measure[19] and conducting the evaluation, six evaluation components need

Metrics selection is always challenging inbattom-up « Target: the object under evaluation.
method. Measurement goals should be clear in order to , g auation criteria: the characteristics of the
select the proper metrics. Metrics that are embedded into a evaluated object '

goall-orienttet(_j frargeworIf( f\hre br_galdly vieéved as ha;]/ing .got(;]d » Reference standard/Yardstick: the ideal target that is
implementation. One of the widely used approaches is the compared with the real target.

Goal-Question-Metric (GQM) method, which was created . Data gathering technique: a technique required to
by Dr. Victor Basili from the University of Maryland with coIIectgdata forgeach cri?eri(.)n under agal sisq
Dr. David Weiss contributing in 1984. GQM works on the . T . ysIs. .

» Synthesis technique: a technigque used to synthesize

concept of linking organizational information needs, : ; ) . ;
strategies, and goals of decision makers to measurement Egihr:gﬁgmat'on gained with the data gathering

needs. . .

This approach provides a method for an organization ora  * Evaluat_lon process: activities to be performed for the
project to define metrics in #op-down approach. First, evaluation process.
specific goals are defined, questions are asked, and goals are Several researchers in the software engineering field have
enhanced into specifications of the data to be collected.ysed the Evaluation Theory as the benchmark for their
Then, the resulting data is analyzed and interpreted in lightstudies. Al-Tarawneh [28] used the theory to develop an
of the original goals [20][5]. Studies on access security in evaluation method for Commercial Off-The-Shelf (COTS).
cloud storage have proven the GQM method as a goodviohamad [31] applied this theory to develop a certification
quality approach [21]. Besides that, GQM has also provenand evaluation software process model based on an agile and
both adaptable and rigorous, as indicated by varioussecure software process. Zarour [32] utilized the theory to
empirical studies conducted in different contexts [22], [5], develop a user needs experience evaluation method. This
[23], [21]. paper proposes a software metrics evaluation and selection

Such methods help in the development and establishmenmodel built upon Goal-Question-Metric (GQM) and
of measurement programs at the early stage. However, agvaluation Theory. The proposed model considers the
time passes, dealing with and supporting the measuremenimportant attributes of software metrics, and emphasizes on
programs become challenging. Some of the reasons for thishe most important goals, which translate to the most
are () Lack of commitmentA measurement program’'s valuable metrics. Therefore, the practitioners are
objectives and goals should be precise and easilycontinuously supported in making informed decisions on
understandable across organizations so that the support frofyhich metrics to collect.
top management for the measurement programs is ensured
and data providers are encouraged to collect the most up-toB. Research Approach
date and specific data [24]; (iDack of guidancelt is The following sections discuss the four main phases
important that the metrics be collected be determined asimplemented in this research work.
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review reports were analyzed and used to refine the
1) Phase 1 - Conceptual Framework Desigithe first framework.
phase of this research is to investigate further and formulate
software metrics evaluation and selection of a conceptual I1l. RESULTS ANDDISCUSSION
framework. The references consist of latest journals, books,
and proceedings. This phase aims to identify the keyOf

elements that exist in software metrics evaluation and'deas that comprise a broad concept.” GQM and Evaluation
selection implementation and also to investigate issues an heory were used as a basis for de\./eloping the conceptual
problems related to its implementation. The outcome of thisframework in this study, which evaluates and selects

phase is the conceptual framework of software MetricS g g vare metrics. GQM consists of four components: goal,
evaluation and selection, yvh|ch integrates the Evaluat'onquestion, metric, and decision-making. Meanwhile, the
Theory and the GoaI.—Questlon-Metr!c paradigm. . Evaluation Theory consists of six main components: targets,
2) Ph_ase 2.' E_mpmcal Investigation on Softwar_e Metncs evaluation criteria (non-functional requirements), standard
Evaluatlon.Crlte_rla: The sgcond phase is to deS|_gn SEMI" references, data gathering techniques, synthesis techniques,
structured interview questions and conduct interviews with and evaluation processes. The conceptual framework shows

|dent|_f|_ed experts in these areas. The interviewees 2"€he main issues that should be considered (see Figure ).
practitioners in software measurement and software testlng.-l-hey are discussed further below:

They were selected based on their experience and position in
related works. This study aims to identify the evaluation A. Defining the Target

criteria for §oftware metrics that are important in e_valuating In any evaluation, the target is the initial crucial stage.
and selgctlng th.e software metrics from the industry’s Referring to the scope of this study, the target is the
perspective. The interviews were conducted face-to-face andsyg)yation and selection of software metrics in the projects
were recorded in audio files. The outcome of this phasehai have been completed and that the software is ready to be
reveals the key elements in software metrics evaluation anQyejivered to customers. The software metrics in this paper

selection criteria. . _are adapted from [33], [34]. These software metrics are
3) Phase 3 - Development of Software Metrics Selectiongiored in a single repository to be used in the study. The

Model (SMeS).The next phase is to develop a model for gofware’s  life cycle is divided into four phases

software metrics selection for software testing phase basectrequirement, design, implementation, and testing).

on the empirical study findings as well as theoretical studies

Relationships between key elements were investigated and. Defining the Evaluation Criteria

modeled to support the model development. The outcome of | this important and crucial component, the required

this phase is the software metrics selection model (SMeS).  eyaluation criteria for evaluating the target are defined. The
4) Phase 4 - Model Validation and Verificatiofihe last  evaluation criteria describe what the model should access,
phase of this research is to validate the model. Thewhich comprises the criteria that influence the evaluation of
validation adopts the case study and expert reviewthe software metrics. Several surveys and suggestions have
approaches. Three experts in software metrics werepeen made by past researchers to identify metrics evaluation
identified and invited to review the model. The model was criteria. Among them are the evaluation of software metrics
also applied in real practice, which involved collaboration through the measurement theory [16]-[18], IEEE standards
with at least two government agencies for evaluation. All the [26], Kaner framework [27], Wayuker's properties [28], new

A conceptual framework refers to “a theoretical structure
assumptions, principles, and rules that holds together the
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algorithm for metrics-based software defect prediction[35], which are measurement scale [6], [38], [39], measurement
[36] and constructing the membership functions of software independence[6], [40], [39], automation [39]-[41],
metrics [37]. Most of the proposed criteria are suited for the simplicity [6], [40]-[42], accuracy [41], [42], [39], [6],
internal measurement of a software product that usesenvironmental [39], type of users [39], [41], programming
procedural or object-oriented programming languages suchlanguage independence [33], [37], feedback [34], cost [41],
as Wayuker's properties [29]. However, a software product[42], [39], [6], comparability [43], [6], applicability [43], [6],
that meets the internal measurement criteria at times may noand green [47]. Table | illustrates the specific definition of
be enough to guarantee the success of external measuremetiite evaluation criteria. The criteria definitions aid in the
[30]. It is crucial to develop the measurement of software accurate understanding of the reference standard (yardstick)
products according to an external measurement based omand this would help the decision maker know exactly what
user satisfaction, to ensure the software product quality [10],characteristics are to be analyzed. All the criteria will be
[23]-[25]. This study takes steps to evaluate product metricsexamined and evaluated by the experts in the empirical
by external measurement. From the literature, the studyphase.

found that there are 13 criteria for software metrics selection,

TABLE |
EVALUATION CRITERIA DESCRIPTION
No. | Evaluation Criteria Description
1. Measurement Scale (MS) Scale for measure metrics such as nominal, ordinal, interval, ratio, and absolute [6], [38], [39]
2. l(\:/lel?surement Independen *rhe ability of metric to offer the same outcome of measurement [6][40][39]
3. Automation (AUT) The effort required to measure the metric using an automatic device [39]—[41]
4. Simplicity (SIM) Metric’s definition clarity [6][40]—-[42]
5. Accuracy (ACC) Measure what is supposed to be measured [41][42][39][6]
6. User Type (UT) The kind of user involved in the calculation of the value of a metric 40], [42]
7. Cost (CO) Cost of using the metrics for evaluation [41][42][39][6],
8. Environmental (ENV) Associated with the type of measurement process [39]
Programming Language . .
9. Independence (PLI) Metrics should not be dependent on the programming language syntax [33], [37]
10. | Feedback (FEE) Provide with information that can lead to a higher-quality end product [34]
11. | Comparable (COM) The criteria of goo_dness were generated after performing a comprehensive study for selecting the
most popular metric [43][6]
12. | Applicability (APP) E;lge][(ss]unablllty of metric to the output of different phases of the system development life| cycle
13. | Green (GRE) The ability of metrics to reduce energy consumption and promote sustainability [47]
C. Building the Reference Standard HOWS

The reference standard is the benchmark used by the
assessors to perform the assessment. The model defines what
needs to be assessed through the evaluation criteria and how
these evaluation criteria are assessed. Each evaluation
criterion is assigned with appropriate practices to archive the
specified evaluation criterion. Each evaluation criterion is
assigned with weight value, and the score achieved. In order
to systematically organize the “whats” and “hows,” the Fig. 2 Quality Function Deployment
Quality Function Deployment (QFD) approach is adapted. . ) )

There are five main areas in QFD adapted in this study as th&- Determining the Data Gathering Technique

reference standard: “whats,” “hows,” relationships between The data gathering technique is a technique used for
“whats” and “hows,” weight for each evaluation criterion, assessing criteria under analysis. This technique can help in
and evaluation criteria scores (Figure 2). QFD has been useguggesting better consideration for the evaluation team and
successfully to support many areas such as strategigroviding better confirmation on the evaluation made. The

maintenance technique selection [48], upgrading the serviceproposed model adapted the multiple data gathering
quality of mobile banking [49], as professional skill technique such as document review, interviews, and

indicators [50], service quality assessment design [51], PSSbservation [48], [56], [57].

design [52], in advanced biofuel policies in which a novel E Determining the Evaluation P
method was applied [53], evaluation of the performance of — elermining the Evajuation Frocess

industrial waste environmental service providers [54], and in  The evaluation process gives guidance on how to perform

monitoring the quality of ready-mixed concrete (RMC) [55]. the evaluation process. There are two main phases for
conducting the evaluation, which is the process of pre-

evaluation and evaluation. Several processes and activities
make up each of these phases. Primarily the structure of the

RELATIONSHIP
MATRIX

WHATS
The evaluation
criteria
Weight Values
Total score of"
evaluation
criteria

The scores
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evaluation process was adapted from the study of [11] andsynthesize the information and to obtain results for
[58]. Pre-evaluation phase consists of the process ofevaluation and selection. The technique is known as Multi-
developing a committee to evaluate software metrics. TheCriteria Decision Making (MCDM) and is commonly
committee may consist of management-level employees,implemented whenever decisions are controversial due to
project leader, or a software developer. The committeemultiple conflicting criteria [66], [67].
should plan the activities carried out during the evaluation A common and popular method of the MCDM technique
phase. is the Analytical Hierarchy Process (AHP). AHP represents
In the evaluation phase (as shown in Figure 3), there area problem using hierarchical structures and then based on the
four main components for conducting the software metrics opinion of stakeholders, develops priorities for alternatives
evaluation, which are goals elicitation, questions elicitation, [68] (see Figure 4 for the AHP tree). In this method, the
guestions metrics mapping, and decision making [11]. In theview of each stakeholder, regarding the right weight age to
first evaluation process, the goals and relationships amongassign to each criterion, is captured. Each stakeholder must
goals need to be identified beforehand. First, the eliciting compare each pair of criteria (with n criteria—there are n (n-
and documentation of organizational long-term and short-1)/2 pairs), and assess the relative importance of each
term goals are done and the value of their significance ratedgriterion in a ratio form in a process called pairwise
followed by the final process of identifying the related comparison. In this way each stakeholder will be assigned a
measurement goals [11]. In the second evaluation processmatrix created just for him or her. Using the weight age
the questions to achieve the goals are elicited. The studymethod, the matrices are then combined and analyzed. AHP
used examples in previous research to guide in thehas been used successfully for supplier selections [68], [69],
development of the questions [54], [60]. The next processevaluating cost database components [70], software
was to map the questions to the corresponding metrics.selections [69], and prioritizing key success factors of
GQM-SMeS incorporated a software metrics. Mapping of software projects [71].
relevant metrics to the identified questions was performed. . ) ,
Finally, the synthesis technique was employed in the proces$>: Determining the Synthesis Technique
of decision-making (see section F). As stated previously, 13 identified criteria need to be
considered in selecting software metrics. The weighting of
each identified criteria based on their relative importance

Goals Elicitation must be done. However, the increased number of criteria
Identify goals and relationship among goals also increases the difficulty of weight allocation to the
Rate the importance of goals relevant criteria. Moreover, some stakeholders might be
involved in the selection process; thus resulting in views and

¢ considerations that are different such as the consideration of

which criteria is important, how to measure that importance,

Question Elicitation and how to combine the various important criteria. These

Identify questions and relationship among goals and questions processes need a synthesis technique to organize and
synthesize the information and to obtain results for

L evaluation and selection. The technique is known as the

Multi-Criteria Decision Making (MCDM) and is commonly

implemented whenever decisions are controversial due to

Questions/Attributes/Metrics Mapping multiple conflicting criteria [66], [67].

Map questions to corresponding attributes
Investigate candidate metrics in attributes/metrics repository

IV. CONCLUSION

¢ This paper has presented a conceptual framework for
evaluating and selecting software metrics that integrate the

Goal-Question-Metric (GQM) method and the Evaluation

Theory. The next step in this research is to conduct

interviews with selected respondents to examine the

Decision Making
Selecting software metric

Fig. 3 Evaluation Phase adapted from [11] identified processes and criteria defined in the conceptual
. . . framework and to investigate further the current practices for
F.  Determining the Synthesis Technique evaluating and selecting software metrics. Findings from this

As stated previously, 13 identified criteria need to be interview as well as from the literature will be used as input
considered in selecting software metrics. The identified to the developing the framework for evaluating and selecting
criteria need to be weighted according to their relative software metrics to support software quality process and
importance. However, with an increased number of criteria implementation.
to measure, the allocation of weights to the relevant criteria
becomes more difficult. Some stakeholders might be ACKNOWLEDGMENT
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