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1. INTRODUCTION

As with any engineering disciplinesoftware development requires a measurement
mechanismfor feedback and evaluation. Measurement igyxechanismfor creating a
corporatememory and an aid in answering a varietygokestions associated with the
enactment of any software process. It hslgsport projecplanning(e.g., Howmuchwill

a new project cost?); it allows us to deterntime strengths and weaknesses of the current
processes angroducts (e.g.What is thefrequency of certain types of errors?); it
provides a rationale for adopting/refining techniggesy., What is theimpact of the
technique XX on the productivity of the projects?)llows us to evaluatthe quality of
specificprocesses angroducts (e.g.What is the defeatiensity in a specific systeafter
deployment?). Measurement also helps, duthmg course of a project, to assess its
progress, to take corrective actioased on this assessment, and to evathatenpact of
such action.

According tomany studies made othe application of metrics and models in industrial
environmentsgee article "Software Measurementheasurement, in order to bfective
must be:

1. Focused on specific goals;

2. Applied to all life-cycle products, processes and resources;



3. Interpreted based on characterization and understanding ajrdghaizational
context, environment and goals.

This means that measurement must be definedap-aown fashion. Itmust be focused,
based on goals and modelsbattom-up approachiilvnot work because there arsany
observable characteristics in softwéeeg.,time, number of defects, complexitynes of
code, sverity of failureseffort, productivity, defect densitylput which metricsone uses
and how one interprethem it isnot clear without the appropriat@odels and goals to
define the context.

There are aariety of mechanismi®r defining measurablgoals that have appeared in the
literature: theQuality Function Deploymenapproach [9], the Goal Question Metric
approach [4, 5, 6, 7hnd the SoftwarQuality Metricsapproach [8,10]This articlewill

present the Goal Question Metric approach and provide an example of its application.

2. THE GOAL QUESTION METRIC APPROACH

The Goal Question Metric (GQM) approach is based upon the assumption that for an
organization to measure in a purposeful way it mustdpstifythe goals foitself and its
projects, then it must trace those goals to the data thattangled to definéhosegoals
operationally, andinally provide a framework for interpreting tklatawith respect to the
stated goals. Thus it is important toake clear, at least in general terms, what
informational needshe organization has, so that these needsnformation can be
guantified whenever possible, aife quatified information can be analyzed a to whether

or not the goals are achieved.

The approach waseriginally definedfor evaluating defectéor a set of projects in the
NASA Goddard Spac€tlight Center environment. The applicatimvolved aset ofcase
study experiment§7] and was expanded tmclude various types of experimental
approaches [6]. Although the approach waginally used todefine and evaluate goals
for a particular project in a particular environment, its usebleas expanded to a larger
context. It is used as the goal setting step inewolutionary quality improvement
paradigm tailored for a software development organizatio@,Quality Improvement
Paradigm, within an organizationdlamework, the Experience Factorgeé articlg,
dedicated to building software competencies and supplying them to projects.

The result of theapplication ofthe Goal Question Metric approaelpplication is the
specification of a measurement system targeting a parteefiafissues and aet ofrules
for the interpretation of the measuremeatta. Theresulting measurement model has
three levels:



=

Conceptual level (GOAL): A goal definedfor an object, for aariety of reasons,
with respect to various models of quality, from various points of view, relative to a
particular environment. Objects of measurement are

Products: Artifacts, deliverablemsd documents that are produahging
the system life cycle; E.g., specifications, designs, programs, test suites.

Processes: Software relatadtivities normallyassociated wittime; E.g.,
specifying, designing, testing, interviewing.

Resources: Items used by processes in order to produceutpits; E.g.,
personnel, hardware, software, office space.

Operational levglQUESTION): A set of questions is used to characterize the way
the assessment/achievement of a spegtal is going to be performed based on
some characterizing model. Questions try to characterize the object of
measuremenfproduct, process, resourogith respect to a selectephality issue

and to determine its quality from the selected viewpoint.

Quantitativelevel (METRIC): A set of data is associatedth every question in
order to answer it in a quantitative way. The data can be

Objective: If they dependnly onthe object that ibeing measured and not
on theviewpoint from which theyare takenf.g., number of versions of a
document, staff hours spent on a task, size of a program.

Subijective: If they depend dmoth the object that ibeing measured and
the viewpoint from which they are takedh.g., readability of aext, level of
user satisfaction.
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A GQM model is a hierarchicatructure (Figure 1) starting with a godkpecifying
purpose of measurement, object to be measusede to be measured, and viewpoint
from whichthe measure is taken). The goatafined into several questions, such as the

one in theexample, that usuallpreak down thassue into its major components. Each
question is then refined into metrics, some of them objective sutheagsne in the
example, some of them subjective. The same metric can be usedeinto answer
different questions under the same goal. Several GQM models can also have questions and
metrics in common, makingure thatwhenthe measure iactually taken, thedifferent
viewpointsare taken into account correctly (i.e., thetme might have different values

when taken from different viewpoints).

In order togive an example of application tfie Goal/Question/Metric approadef's
suppose we want to improvke timeliness of changeequest processing during the
maintenance phase tife life cycle of asystem. The resulting goaillxspecify apurpose
(improve), a process (change request processinggveoint (project manager), and a
quality issue (timeliness). This goal can be refined to a seriggedtions, about, for
instance, turn-arountime andresources used. These questions can be answered by
metrics comparing specifiturn-aroundtimes with the average ones. The complete
Goal/Question/Metric Model is shown in Figure 2.

Figure 2
Goal Purpose Improve
Issue the timeliness of
Object(process) change request processing
Viewpoint from the project manager's viewpoint
Question What is the current change requgsbcessing
speed?
Metrics Average cycle time

Standard deviation
% cases outside of the upper limit

Question Is the performance of the process improving?

Metrics Current average cycle timE?100

Baseline average cycle time

Subijective rating of manager's satisfaction

3. THE GOAL QUESTION METRIC PROCESS



A GOQM model is developed higentifying aset of quality and/or productivity goals, at
corporate, division or proje&vel; e.g., customesatisfaction, on-time delivery, improved
performance. From those goals and based upmiels ofthe object of measurement, we
derive questions thatefinethose goals asompletely as possibl&or example, if it is to
characterize a softwasystem(e.g., anelectronicmail package, avord processoryith
respect to a certain set qtiality issueg(e.g., portability across architectures), then a
quality model ofthe productmust be chosen that deals withoseissues(e.g., list of
functional features that can leaplemented in differenarchitectures). The next step
consists inspecifyingthe measures that need to be collectedraer toanswer those
guestions, and ttrack theconformance oproductsand processes to the goals. After the
measures have been specified, we need to devhBpdatacollection mechanisms,
including validation and analysis mechanisms.

Figure 3
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The process of setting goalscigtical to the successful application dhe GQM approach
and it is supported bgpecific methodologicadteps. As illustrated in Figure 3 and in our
example in the last section, a goal has three coordinates:

1. Issue Tineliness
2. Object (process) Change request processing
3. Viewpoint Project manager

and a purpose:
« Purpose Improve



Therefore, the development of a goal is based on three basic sources of information.

The firstsource is theolicy andthe strategy of the organization thegipliesthe GQM
approach. Fronthis source wederive both theissue andhe purpose of the Goal by
analyzingcorporatepolicy statements, strategmansand, more importaninterviewing
relevant subjects in the organization.

The second source afformation isthe description of the process amducts of the
organizationpr, atleast, the ones that anathin the scope of the measurement we want
to perform. If, for instance, we want to assess a process, we neadeaof that process

and of the component sub processes. Ritogsource welerivethe object coordinate of

the Goal by specifying process and product models, at the best possible level of formality.

The third source oihformation isthe model ofthe organizationywhich provides us with
the viewpoint coordinate ofhe Goal.Obviously,not all issues and processaerelevant
for all viewpoints in an organization, therefore we must perfomslevancy analysistep
before completingur list of goals, in order tanake sure thathe goals that wéave
defined have the necessary relevancy.

In this way, we end up with a specification @iir goals that takes into account the
structure and the objective of the organization. Fronspleeification of each goal we can
derive meaningful questions that characterize that goalgumeatifiable way. In general,
we will ask at least three groups of questions:

Group 1. Howcan we characterize the objgptroduct, process, or resourceith
respect to the overall goal of the specific GQM model?

Example:

Question What is the current change request
processing speed?

Question Is the (documented) change request
process actually performed?



Group 2. Howcan we characterize the attributes of the object that are relsitant
respect to the issue of the specific GQM model?

Example:

Question What is thedeviation of the actual
change request processitigne from
the estimated one?

Question Is the performance of the process
improving?

Group 3. How do wevaluate the characteristics of the object that are relestnt
respect to the issue of the specific GQM model?

Example:

Question Is the current performance satisfactory
from the viewpoint of the project
manager?

Question Is the performance visibly improving?

Once the questionsave been developed, vpeoceed toassociating the questionith
appropriate metrics. The factors we consider in doing this are many; among them:

« Amount and quality of the existing data: we will try to maximize the use of existing
data sources if they are available and reliable;

« Maturity of the objects of measurement: wi# apply objective measures to more
mature measurement objects, and we will use more subjective evaluations when we
deal with informal or unstable objects

« Learningprocess: GQMnodels need always refinement adhptation, therefore
the measures welefine must help us in evaluatingot only the object of
measurement but also the reliability of the model used to evaluate it.

Taking into account these ideas, we can compateexampleGQM model with some
appropriate metrics. The result is shown in Figure 4.



Figure 4

Goal Purpose Improve
Issue the timeliness of
Object(processg) change request processing
Viewpoint from the project manager's viewpoint
Question Q1 What is the current change request processing speedp
Metrics M1 Average cycle time
M2 Standard deviation
M3 % cases outside of the upper limit
Question Q2 Isthe (documented) change requgsibcess actually
performed?
Metrics M4 Subijective rating by the project manager
M5 % of exceptions identified during reviews
Question Q3 What is the deviation of the actual change request
processing time from the estimated one?
Metrics M6 Current average cycle time - Estimated average cycle['ltligbe
Current average cycle time
M7 Subjective evaluation by the project manager
Question Q4 Is the performance of the process improving?
Metrics M8 Current average cycle timE?100
Baseline average cycle time
Question Q5 Isthe current performancesatisfactory from the
viewpoint of the project manager?
Metrics M7 Subjective evaluation by the project manager
Question Q6 Is the performance visibly improving?
Metrics M8 Current average cycle timE?100
Baseline average cycle time

Once a GQM model has been developed, wWeeselect the appropriate dateollection
techniques, tools and procedures. Ta¢a that vl be collected vill e mapped into the
model and interpreted according to schemes previously defined by the organization.

4. CONCLUSION

In summary,the Goal Question Metric approach isn@echanismfor defining and
interpreting operational and measurabtdgtware. It can be used in isolation, better,
within the context of a morgeneral approach to softwageality improvement. In this
last case the development of GQhbdels is aask performed by thexperience factory
which will use as inputs to the process the business driven goals provitteddmrporate



management anthe environment characteristics provided iy project team. Figure 5
outlines the basic roles and flows of information for this model.

Figure 5
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The Goal Question Metric approacbmbines in itselmost of the current approaches to
measurement and generalizes themniorporate processes and resourcewels as
products.This makes it adaptable to different environments, as as confirmie iigct
that has been applied in several organizatioresg,, NASA, Hewlett Packard [12],
Motorola, Coopers & Lybrand.
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