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ABSTRACT

Quality has become esential for ensuring that a company’s
products or processes meet customers’ needs. Most product
quality models focus on product characteristics. This article
describes the design of a Quality Model with a Systemic
Approach! to Software Products that assesses a product's
efficiency and effectiveness considering processes implications
on product characteristics. The model was evaluated using a
method so it can be validated and also enhanced. The
evaluation method consisted of: designing a survey,
formulating, validating and applying the measurement
instruments; defining an algorithm to obtain the quality estimate
and analyzing the results. The model prototype enabled the
strengths and weaknesses of the software products studied to be
identified. When evaluating a software product using the model
prototype, it was possible to ascertain its compliance with the
standards and use the results to improveit. Sincethe evaluation
was systemic, processes that affect certain characteristics of the
product could be identified. Companies can benefit from the
model proposed because it serves as a benchmark that allows
their productsto evolve and be competitive.

Keywords: Software Product Quality, Quality Model, Systemic
Quality, Metrics, 1SO 9126, Dromey’sModel.

1. INTRODUCTION

Certifications, standards and measurements must take into
account a balanced proportion of processes, products and
resource requirements|[1, 2], awarethat processesare groups of
activities related to software; products are artifacts, documents
resulting from a process and resources are entities required by a
process [3].

Given the complexity that dealing in detail with all the
aspects involved in quality would involve, such as process,
product, resources and personnel, the purpose of thisarticleisto
focusonthestudy of the product.

Generally speaking, software product certification is based
on models, which is why an in-depth look at this aspect is
warranted.

A model is an abstract form of reality, enabling details to
be eliminated and an entity or concept to be viewed from a
particular perspective [3]. There are al kinds of models: cost
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estimation models, quality models, maturity models, etc.
Models can be presented in different ways, such asin the form
of equations, functions or diagrams. This makes it possible to
show how components are related, so they can be examined,
rel ationships understood and opinions formed|3].

The literature on the subject covers several product quality
models, the best known in chronological order of appearance
are: Mc Call (1977), Boehm (1978), FURPS (1987), 1SO 9126
(1991) and Dromey (1996). These were analyzed in order to
obtain relevant elements for this research. The importance of
this study lies in the growing interest among systems
development organizations in obtaining product certification, as
well asthelack of mechanismsfor doing so.

The objective of this study is to identify the quality
characteristics needed to obtain Systemic Quality. Thus product
efficiency and effectiveness are considered, without forgetting
that this is an integral part of the Systemic Quality concept,
bearing in mind that this approach must be part of the Process
Quality model.

The article is therefore structured as follows: the second
section gives the background, the third describes the method
used, the fourth the formulation of the model, the fifth the
design of the survey with the case study, the sixth shows how
the model is applied and the seventh the results analysis. The
conclusions and recommendations are presented in the eighth
and last section.

2.BACKGROUND

The literature on the subject contains a significant number
of quality models that have gradually evolved: McCall Model,
Boehm Model, FURPS, ISO 9126, Dromey Model, and
Systemic Quality Model. By analyzing these quality models, it
was possible to identify the advantages and disadvantages of
these models when considering Software Quality Model with a
Systemic Approach.

One of the major contributions of the Mc Call model isthe
relationship created between quality characteristics and metrics,
although there has been criticism that not all metrics are
objective. One aspect notconsidered directly by this model was
the functionality of the software product [4, 5].

The Boehm model issimilar to the Mc Call model in that it
represents a hierarchical structure of characteristics, each of
which contributes to total quality. Boehm's notion includes
users needs, as Mc Call's does;, however, it also adds the
hardware yield characteristics not encountered in the Mc Cdl
model [1]

One disadvantage of the FURPS model is that it fails to
take account of the software product's portability [6].

One of the advantages of the ISO 9126 model is that it
identifies the internal characteristics and externa quality



characteristics of a software product. However, at the same
time it has the disadvantage of not showing very clearly how
these aspects can be measured.

Dromey’s model seeks to increase understanding of the
relationship between the attributes (characteristics) and the
subattributes (subcharacteristics) of quality. It also attempts to
pinpoint the properties of the software product that affect the
attributes of quality.

The quality characteristics found in the mgjority of the
models are: Efficiency, Reliability, Maintainability, Portability,
Usability and Functionality, which have been present in more
recent models. Because they are present in all the models
studied, they can be considered essential and worthy of study.

Other studies that support the idea of systemic qudlity,
taking into account the quality of the product and the process,
have been presented by Dromey [7] and Voas [8]. Dromey says
there no quality process can exist if it is not based on a product
quality model.

A model that differs slightly fromthosepreviously studied,
since it has no hierarchical structure, is the Callaos model [9].
There is a similarity between the concepts used by Callaos as
regards product efficiency and effectiveness and the definitions
of the product'sinternal and external characteristics.

What Callaos means is that there must be a balance
between efficiency and effectiveness, which leads us to
conclude that special care must be taken with the product's
internal and external characteristics. Systemic thinking, because
of itsinherent nature, callsfor interdependence and cooperation.

The objective of thiswork is to focus on product quality.
Thisiswhy product efficiency and effectiveness are considered,
not forgetting that this can be included in the concept of
Systemic Global Quality.

3.METHOD

The method followed in this study comprises the following
steps:

a. Documentary and bibliographical research to create a
theoretical framework of reference.

b. Formulation of the product quality model. Thisinvolved:

- ldentifying the high level quality characteristics for
the software product;
Creating a taxonomy of the most significant and
tangible characteristics provided by Systemic Quality;
Proposing a set of metrics corresponding to the four
dimensions of Systemic Quality n order to link the
characteristicsidentified in the previous step.

For the purpose of this research, the metrics were proposed

taking into account the point of view of an organization

that eval uates software.

In order to build a product quality model with a systemic

approach, different dimensions must be considered,

involving ahigh degree of complexity.

c. Design of the survey for evaluating the prototype model.
The sample must meet certain requisites so that the
information necessary for evaluating the product may be
obtained.
- The products must have a well-defined user (market),

which will makeit easier to evaluate its requirements.
The installations must facilitate the evaluation.

The product must have been on the market for some
time (2 years), so that users with experience of it can
beidentified.

Technical support must be available for product
evaluation.

The company must understand the need to evaluateits
Systems.

It must be easy to access and evaluate the different
products of the various stages of the System's
development process (requirements, design, code).
The quality model prototype must be applied by two
evaluators to two software products, so it can be
refined.

The case study isdealt within Section 5.

d. Identification, formulation and validation of the
measurement instrument. A measurement instrument in
the case of software product evaluation can be evaluated in
different ways. At this stage the most suitable instrument
for the evaluator to use to capture the data associated with
the product's quality characteristics (efficiency and
effectiveness) is chosen and justified. The user must be
interviewed so information on the product's effectiveness
and other details the evaluator deems pertinent can be
obtained. In addition to this, the quality characteristics of
the evaluation and the different types of reports that would
beused in it must be identified.

e. Application of the instrument to two software products
selected when determining the sample and refining the
model. During this g$ep, the stages in the evaluation
process and the resources used in it had to be defined.

f.  Application of the agorithm for obtaining the quality
estimate. During this step the algorithm to be used to
obtain the partial or total estimate of the quality of the
software product isidentified.

g. Analysis of the results obtained. Once the data and final
results of the evaluation have been obtained, they are
analyzed and relevant conclusions on the behavior of the
model are reached. Thisanalysis can be usedto determine
how well the model reflects the quality of agiven product,
and at the same time make it possibleto refine.

4. FORMULATION OF THE MODEL

This section presents the formulation of the Software
Product Quality Model prototype based on the Systemic Quality
[9]. The model proposed takes the following components into
account:

Product efficiency and effectiveness as partial quality
of the Systemic Quality model.

The quality characteristics of the Dromey model and
ISO 9126: Efficiency, Reliability, Functionality,
Maintainability, Portability and Usability.

The relationship used in the Mc Call model between
the quality characteristicsand the metrics.

The metrics existing in the literature on the subject
will be studied, and an attempt made to relate them to
the quality characteristics will be considered in the
model.

Product Effectiveness will be represented by 1SO 9126
[20], specifically as regards the external characteristics defined,
which take into account how the product behaves in its
environment: Functionality, Reliability, Usability, Efficiency,
Maintainability and Portability.

Next comes the Product Efficiency considered in the
Systemic Quality Model and the Dromey model, which takes
into account the product's internal characteristics or properties,
including: properties of the reguirements, properties of the
design and properties of the implementation, represented in the
Dromey model.



Lastly, Process Effectiveness and Process Efficiency are
essential elements of the Systemic Quality Model, but they are
not present in the Dromey model or in 1SO 9126. This is why
other models must be identified to complement this product's
models with aspects of the process. There are different process
quality models for evaluating software development processes.
However, only the processes covered by 1SO 15504 [11], which
favor software quality characteristics will be considered within
the framework of this research. The resulting model is shown in
Figure N° 1.

Functionality isthe ability of a software product to provide
functionsthat meet specific and implicit needs when softwareis
used under specific conditions. Functionality takesinto account
adaptation to the purposes, precision, interoperability and
security of the software product.

Reliability isthe capacity of asoftware product to maintain
a specified level of performance when used under specific
conditions.

Usability is the capacity of a software product to be
attractive, understood, learned and used by the user under
certain specific conditions.

Efficiency is the capacity of the software product to
perform adequately under specific conditions, depending on the
amount of resources used.

Maintainability is the capacity of the software to be
modified. Modifications can include corrections, improvements
or adaptations of the software to adjust to changes in the
environment, in terms of functional requirements and
specifications.

Portability is the capacity of the software product to be
transferred from one environment to another.

Having defined the subcharacteristics associated with each
quality dimension [12], the metrics associated with each
subcharacteristic were listed. In order to obtain quantitative
valuesindividually and as awhole, an estimate of the quality of
each  characteristic is obtained  aggregating the
subcharacteristics values. In order to obtain the link between the
product and process characteristic, each  quality
subcharacteristic related to the product has metrics associated
with the process subcharacteristics.

Table N° 1 shows the metricsassociated with the Accuracy
subcharacteristic of the Functionality characteristic. The
metrics adapted from |SO/IEC 9126 are related to the product's
own characteristics, and the metrics adapted from ISO/IEC TR
15504-2 measure the presence of processesthat support product
quality.

TableN° 1. Metricsfor measuring Accuracy.

Metric Inf  Sup Description
Incomplete 1 5 1=All; 2= Nearly all; 3= Few;
results* 4= Very few; 5=None
Incorrect 1 5 1=All; 2= Nearly al; 3= Few;
results* 4= Very few; 5= None
Unexpected 1 5 1= All; 2= Nearly al; 3= Few;
results 4= Very few; 5= None
issued *

Test plans 1 5 5= Completely defined;
i 4= Nearly all defined; 3= Semi
defined; 2= Little defined;
1= Not defined
Test 1 5 5= Daily; 4= Weekly;
frequency* 3=Monthly; 2= Half-yearly;
*

1=Monthly

5= Completely defined;

4= Nearly all defined; 3= Semi
defined; 2= Little defined;

1= Not defined

5= Completely defined;

Validation 1 5
criteria**

Validation 1 5

activities 4= Nearly all defined; 3= Semi
*x defined; 2= Little defined;
1= Not defined
Problem 1 5 5= Always; 4= Nearly always;
solving** 3= Sometimes; 2=
Infrequently; 1= Never
Communi- 1 5 5= Excellent; 4= Good;
cation of 3=Average; 2=Below
the results average; 1= Unacceptable
of the
validation

**

* Adaptation [10]
** Adaptation [11]

It is important to point out here that there are two
processes, Auditing and Quality Management, that affect each
of the quality characteristics speci-4,d within the model. For
example, the Auditing process has the following metrics [11]:
Has an auditing strategy been implemented? Satisfaction with
the audit. Are there pre-determined points (dates, activities)
where audits are carried out? |s there an audit strategy to
determine whether products, services or processes comply with
reguirements, plans and contracts? Are audits conducted by an
independent unit? Are problems detected during an audit
communi cated to those responsiblefor taking corrective action?

Functiondity || Reliability Usability Efficiency ||Maintainability|| Portability
Effectivenesy Effectivenesy Effectivenesy Effectivenesy Effectivenesy Effectivenesy
Product Product Product Product Product Product
Process Process Process Process Process Process
Efficiency Efficiency Efficiency Efficiency Efficiency Efficiency
Product Product Product Product Product Product
Process Process Process Process Process Process

FigureN° 1. Elements of the Systemic Quality model for Software Products



5. ACASE STUDY

The firm where the evaluation was carried out belongs to
the banking sector and falls within the service company
category. lIts financia intermediation functions can be broken
down into credit transactions and money receipt operations.

In this research, two Risk Management projects were
selected. Theseare: “Special Monitoring” and “Appraisal”.

The “Special Monitoring” and “Vauation” systems were
chosen out of several options for the following reasons: the
users are clearly defined; the following software product
components are available: requirements, design and code;
technical support is available to carry out the evaluation; the
product has user acceptance; the two products have a common
environment, they share the same environment and the same
users; the systems interact and they have the same objectives
and corporate priorities.

All this means that the evaluation can be undertaken in a
stable environment, avoiding factors in the environment that
might influence the results of the evaluation and not be able to
be controlled by the model.

General descriptionsof the productsto be evaluated are
given below:

Special Monitoring Product.
Special Monitoring isthe namegiven to follow-up of risky
clients where there are circumstances or warning signs
liable to affect normal development and/or prompt
payment of their transactions.

Valuation Product

The Valuation System is an internal management tool for
the approximate measurement of the quality of a firm and
therisk it may entail, with aview to establishing its current
and future capacity to meet its payment commitments.

6. APPLICATION OF THE MODEL

Previous to the application of the algorithm to obtain the
quality estimate two steps were followed: a)ldentification,
Preparation and Validation of the Measurement Instrument and
b) Application of the Instrument to two Software Products and
Refinement of the M odel

Application of the Algorithm to obtain the Quality Estimate
The algorithm used to obtain the estimate of the quality of the
software product isas follows:

1. Define the quality requirements depending on the
interested party's eval uation needs.

2. ldentify what the party interested in the evaluation sees as
thecritical characteristics of the software product

3. Identify the critical subcharacteristics of the characteristics
to be evaluated, associated with the “product
effectiveness” dimension.

4. Apply the questionnaires associated with the critical
subcharacteristics.

5. Check whether the evaluations made by the two evaluators
have a high level of correlation. If not, see if the
questionnaire contains any ambiguous question and if so
ask those ones again, redefining the question.

6. Standardize theresults of the questionnaires.

7. Check that 75% of the metrics fall within the optimum
values (equal to or greater than 3) for each of the critical
subcharacteristics. If not, a report is issued indicating that
the product does not meet the basic requirements, and

listing the main problems found. If 75% of the metrics
have an optimum value, continue to the next step. This75
% value was determined by the interested party in the
evaluation so it can be modified depending on the
requirements demanded of the product.

8. Cadculate the rate of coverage of the critica
subcharacteristics.

9. Cdculate the fina ranking, taking into account all the
metrics  values  associated with the essentia
subcharacteristics. To obtain the ranking for each
characteristic, the values obtained in each subcharacteristic
areadded up.

10. Analyze by dimension and analyze how the product
behavesin each dimension.

Analysis of theresults obtained

Once final data is obtained from the evaluation, these are
analyzed to obtain results that will lead to relevant conclusions
on the model's behavior. With this analysis it was possible to
determine how the model estimates the quality of a given
product, and at the sametimetorefineit.

The data were analyzed taking into account a) the
characteristics and subcharacteristics of the two software
products selected as priorities by the interested party in the
evaluation, b) the comparison between the two software
products, and lastly, ) an analysis of the behavior of the quality
dimensions, for each product.

The model was validated using the stability measurement
(reliability by test-retest) [13]. The data obtained from these
evaluations were analyzed using the coefficient of correlation.
A positive correlation was obtained in the two products (Table
N° 2), which indicates that the Evaluator factor did not lead to
different evaluationsfor the results of the product eval uation.

TableN°2. Validation of the model with the stability

measurement
Product Stability measurement
P1 0.70
P2 0.68

Having ascertained the validity of thedata obtained by the
evaluation, each of the productswas analyzed. Astherearetwo
evaluations for each product, each of the metrics obtained by
thetwo evaluators had to be averaged. Thisproduced anew set
of metrics resulting from averaging the two evaluations. This
new set of metricswas used in the analysis of the results.

7.RESULTS

The results of the evaluation of the two software products
were compared for this case study. Two comparisons were
made. First of al the quality requirements specified by the
client were considered. Then the products were compared,
taking into account the sum of the metrics in their entirety,
regardless of whether they exceeded the values required by the
party interested in the evaluation.

Comparison of products P1 and P2 considering the quality
requirementsestablished
In this case, the quality requirements are established on the
basis of the Functionality characteristic. The party interested in
the evaluation indicated that a subcharacteristic is of an
optimum level when 75 % of the associated metrics are equal to
or greater than three.

It was shown that product P1 meets the quality



requirements of Functionality, both in terms of product
efficiency and effectiveness. By contrast, product P2 does not
have an optimum level in the subcharacteristics of
Interoperability and Security. Since both products have the
same systems development environment, there was 75%
compliance by the processes related to product P1 and P2
functionality. However, lower levels than those expected in the
audit and quality management were reached (see Figure 2).

To conclude, when it is considered necessary for 75 % of
the metrics to have values equal to or greater than 3, both
products have deficiencies as far as the “Encapsulated”
subcharacteristic is concerned. Product P2 has lower levels of
security than product P1l. As far as the Interoperability of
product P1 is concerned, it has a considerable advantage over
product P2.

An important contribution by the model is that due to the
establishment of requirements on the values of metrics (greater
than or equal to 3) lower performance levels by products can be
identified that would otherwise have been very hard to detect.

Comparison between Products P1 and P2 Grand Total of
the Functionality characteristic

Another way of presenting the results of the evaluation is to
consider the sum of the values obtained in each of the metrics
(Grand Total), stressing that the values of the metrics are found
withinarangeof 1to 5. Therefore, 100 % would be made up of
a value of 5 in al the metrics. In this section, unlike the
previous one, no minimum values in the values of the metrics
areestablished.

Figure 3 shows more detailed values in relation to product
behavior in each of the subcharacteristics. In the previous
comparison in Figure 2, fulfillment of requirements in seven of
the subcharacteristics was identical, but in the case of the
comparison of the Grand Total of all the metrics, differencesin
these subcharacteristics can be seen. Suitability, correctness and
structuring, in particular, are higher than in product P1. The
case of the Accuracy subcharacteristic is special in that product
P2 meets the highest number of requirements in this
subcharacteristic (see Figure 2). However, if al the values of
the metrics are taken into account, product P1 gets a higher
score, which means that the Accuracy subcharacteristic in
general had better values in product P1, except that product P2
exceeded the optimum valuesin alarger number of metrics.

[ Suitability
120 OAccuracy
O Interoperabilit
100 P y
— | — E Security
80 ] ] O Correctness
S 60 T7 | | O Structured
40 H ] — O Encapsulated
O Specified
20 T u —
OO Processes related with
0 T Functionality
OAudit
Product P1 Product P2 )
EQuality Management

FigureN°2. Comparison between Products P1 and P2 as regards the Quality requirements of the Functionality characteristic

Grand Total P1

O Suitability
120 OAccuracy
OInteroperability
100 ——
1 O Security
80 T— ]
OCorrectness
o 1 —
> 60 T O Structured
40 +H OEncapsulated
E Specified
20 17
OProcesses related with
0 T Functionality

Grand Total P2
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FigureN° 3. Comparison between Products P1 and P2 Grand Total of the Functionality characteristic



Comparison of the products in two different ways showed
that the establishment of optimum levels resulted in a product
evaluation that reflects the quality of the product from the point
of view of the party interested in the eval uation.

Having observed how the model behaved in two different
products, it can be concluded that it enables weaknesses and
strengths to be detected informally, thereby providing valid
information that can be used toimprove the products.

8. CONCLUSIONS

Compared with existing models the Formulation of the
Model is an original contribution, since this model enables an
applicable specification of the Systemic Quality Model to be
attained - specifically of the product's Efficiency and
Effectiveness dimension. It also provides an opportunity to
study the processesthat affect product quality.

One of the most important aspects of the model wasthat it
separated each of the software product quality characteristics
proposed by 1SO 9126 into Product Effectiveness and
Efficiency dimensions, and identified the processes that
influence these characteristics.

The evaluation of two software products made it possible
to ascertain that the model is an effective tool for analyzing
product quality that can be used to compare different software
products and also to detect weaknesses in the product that need
to beimproved.

It revedled that Process Efficiency and Effectiveness
influence product quality; an improvement in Auditing and
Quality Management in particular has a repercussion on product
improvements.

Applying questionnaires to users, analysts/developers and
project |eaders, enabled information to be obtained that could be
used by them for product improvement. Thisinformation is not
present in previous models, what represents a contribution in
this area.

The Systemic Quality model has a Process and a Product
dimension, asin order for the quality evaluation to be systemic
the Process dimension has to be incorporated. Further progress
along these lines would be to incorporate the quality dimensbn
into Personnel, considering the various characteristics it needs.
Thismust be taken into account to complement this study.
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