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ABSTRACT

Theoretical developments in software quality could be greatly enhanced if atheoretical definition
of software quality existed. Content analysisis used here to objectively identify the dimensions of
software quality. The dimensions are derived from the perspectives of both producers and
consumers. Results show that the most important software quality dimensions include accuracy,
capability, communication, completeness, conformance, features, flexibility, serviceability,
simplicity, stability, and structuredness. Consumer and producer attitudes about software quality
differ only dightly. Further analysis suggests some possible meta-dimensions of software quality:
fulfilling customer requirements, ease of use, and capability (for producers of software); and
fulfilling customer requirements, ease of use, and first impression quality (for consumers of
software). Consumers appear to be primarily interested in what the software can do for them
now, whereas producers appear to be primarily interested in what the software can do for them in
the future. We shall detail the stepsinvolved in the identification of significant dimensions, and
discuss implications to practice and further research.

key words. software quality, content analysis, quaity dimensions

1 Introduction

The importance of software in our livesis growing daily. Peopl€e's persona and professional lives
can be greatly enhanced by the presence of high quality software, and can be greatly imposed
upon by the presence of poor quality software. Our most complex systems, such as airplane flight
control or nuclear power plants, depend critically upon the reliability of potentially fragile
software. Software is no longer limited to computers either--most consumer appliances, including
communication devices and automobiles, have significant software components. The need to

understand, control, and design quality software is unprecedented [Gibbs, 1994].

Thiswork is based on the premise that a deeper, more objectively-based understanding of the
components, or dimensions of software quality would be of benefit to both practitioners and
researchers. Such alist of dimensions would help practitioners understand the nature of software
quality and could facilitate design and market decisions; from a theoretical perspective, sound
definition increases the efficiency and effectiveness of subsequent research in the area [Kuhn,

1970]. Our work is motivated by similar research done by Zeithaml, Parasuraman, and Berry
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[1990] which helped identify the dimensions of service quality, and by the semina work of Garvin

[1988] which outlined the dimensions of product quality.

Applications of aformal definition could influence software engineering practice in severa ways.
Explicit quality criteria could be more easily identified and incorporated into the software
development waterfall verification and validation process. Dimensions identified in the research
might be used to enhance existing methodol ogies such as Quality Function Deployment or Basili
and Weiss [1984] method for software engineering experimentation. The research could also be
used as justification to invest in new software development tools and techniques. New theory
would introduce new insights to characterize software and the quality response. A new model for
software quality should have afavorable impact on software metrics research. The research

should also suggest practical priorities in software management.

The research to be presented addresses the following:

1. A shortcoming of existing software quality theory and a unique feature of this research
pertains to the use of attitude measurement theory articulation techniques and the unique
application of these techniques to software quality research; the research provides a model for
future empirical attitude research in software product quality.

2. The bulk of existing software quality research is concerned with the processes of software
producers. Little attention has been focused on software consumers. That shortcoming was
addressed by regarding the software consumer as an integral research element.

3. New theory should efficiently model known phenomena and facilitate novel predictions. Every

effort was made to discover unique characteristics that impact the software quality response.
A review of previous definitions of (software) quality is presented. Subsequently we shall
describe the manner in which we empirically identified significant quality dimensions, discuss the

implications of the findings, and suggest future research avenues.
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2 Definitions of Quality

Definitions of Quality via Software Engineering
There are five disciplinary approaches widely used in quality definition [Garvin, 1988]:
* Transcendent--excellence invariant over time, cost, and requirements
* Product-Based--a function of product attributes
* User-based--user's perception of system performance
» Manufacturing-Based--compliance with formal product specifications
* Vaue-Based--ratio of performance to cost.

Each of these views has been applied to the analysis of software quality.

In software, the Transcendenta definition is similar to the programming in-the-small concept of
"elegance’. Guaspari [1985] and Pirsig [1974] define the Transcendental quality school: even
though Quality cannot be defined, you know it when you seeit. The principal problem with this
approach isitslack of rigor. Only through repeated observation of artifacts that possess quality
can an individual abstract, internalize, and be trained to recognize quality, and such experiences

are intensely personal.

The Product-Based definition isillustrated by Fisher and Light [1979] who define software quality
as the composite of al attributes which describe the degree of excellence of the computer system.
Reifer [1985; as cited in Schulmeyer, 1987] and the I SO 8402 standard [1990] state that software
quality is the degree to which a software product possesses a specified set of attributes necessary
to fulfill a stated purpose. Hopcroft and Ullman [1979], and Hofri [1987] use automata theory
and computational complexity theory to define software quality in terms of two properties:
memory consumption and computational time. McCall [1977] defines numerous dimensions of
software quality at different levels of abstraction. Boehm et al. [1978] assert that quality and

utility are synonymous and then illustrate a stratified decomposition of utility. At the lowest level
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of decomposition are phenomena that were believed to be manageable viametrics. The main

focus of the work is anomaly detection.

The Product-Based definition has the appeal of rigor compared with a Transcendental definition.
However, it is questionable whether adding attributes means the creation of more quality or the
creation of anew and different product. There also remains the fundamenta question of which

attributes are most significant to software quality.

In the User-Based definition, quality isin the eye of the beholder. Prell and Sheng [1984] define
software quality as the users perception of the system's performance. The |EEE Standard
Glossary of Software Engineering Terminology |EEE-STD-729-1983 [1983] and Ramamoorthy
et al. [1984] define quality as the degree to which a customer or user perceives that software
meets his or her composite expectations. This approach carries the implication that software
quality is not an absolute, but can vary with time and consumer expectations. The User-Based

model illustrates the importance of quality as a marketing activity prior to software development.

The Manufacturing-Based approach to software quality isillustrated by numerous works which
have focused on how to provide quality in the development process [Albrecht, 1979; Boehm,
1984; Cho, 1987; Curtis et a., 1979; Department of Defense, 1985; Dreger, 1989; Fagan, 1976;
Humphrey and Sweet, 1987; Jones, 1990; Kemerer, 1987; Schulmeyer, 1987]. Software
inspection is used in afashion similar to manufacturing inspection to assure compliance. In both
applications, inspection suffers from diminishing returns from increases in inspection resources.
Measuring the quality of the development process is accomplished through the use of productivity
metrics [Halstead, 1979]. Metrics, however, have not produced a great number of convertsin the
ranks of software management [ Symons, 1991], and are often unpopular with software
developers. Existing metrics tend to be highly dependent upon code length, language, compiler

technology, hardware environment, and target application. These factors may explain how, even
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with growing pressure to manage increasingly expensive software development, the number of
individuals performing research in quality metrics is decreasing [Shen, 1987]. Thisis another

indicator of diminishing scientific returns for the extension of this paradigm.

The Vaue-Based definition implies that elimination or diversion of non-vaue-added activity to
value-added activity is synonymous with quality [Crosby, 1979]. The business rewards of quality
(value) are increased profitability and competitiveness. The concept of software engineering
consistency, freedom from contradiction [Boehm, 1984], and Quality Function Deployment are
examples of the value-based metaphor. The concept of value combines el ements of product
attribute selection, specification conformance, cost, and customer perception. This overlap with
the other quality models makes the concept of Vaue-Based quality only dightly more concrete
than the unqualified term "quality". Another drawback to this paradigm is that the feasibility of

measuring the composite value of an attribute-laden software system is questionable.

Software quality is an overloaded, complex concept related to attitudes. Individualy, the five
disciplinary approaches may contain the necessary elements for a theory of software quality, but
noneis sufficient by itself. Asagroup, there are contradictions and overlaps between the

individual models.

Definitions of Quality via Quality Strategy

Garvin [1988] recognized the shortcomings of the five disciplinary quality models when he
proposed his eight dimensions of quality. The dimensions are intended to describe a practically
exclusive and exhaustive set of constructs that form a basis for product quality assessment.
Unfortunately, Garvin's dimensions reflect a focus on fairly simple products with small attribute

sets.
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The complexity and large number of attributes associated with many software systems challenges
the applicability of Garvin's model of product quality. Most software systemsrival a
manufacturing system in their complexity. The software instructions can be viewed as a
production process where the result is a particular calculation, report, graphic rendering or similar
response [Cho, 1987]. Software designs tend to have fewer redundant elements, i.e., more
complexity, than most mechanical, electrical or architectural designs. Software, like a process, is
also more likely than most physical artifacts to be used for an unintended purpose. This suggests
that robustness and adaptability are keys for the long-term survival of a software system.
Manufacturing Resource Planning and expert systems are examples of software that are both

product and complex process.

Misterek, Anderson, and Dooley [1990] defined dimensions of process quality. Processes are
more complex than products because they contain fewer redundant elements and are expected to
adapt to amore varied set of requirements. The eleven dimensions of process quality are
measures of the underlying systems for development, manufacture and distribution of goods and

Services.

Zeithaml, Parasuraman, and Berry [1990] identified the need for a different framework for the
evaluation of service quality. They observed that services differ from goods in three important
ways. (@) services are intangible, (b) services are relatively more heterogeneous than products,
and (c) production and consumption of services are virtually simultaneous. Software certainly can
be described by items (@) and (b); if one assumes software also generates information [Cho,

1987], then item (c) is aso applicable. The ten dimensions of service quality led to development

of the SERVQUAL instrument for measuring service quality.

The preceding discussion clearly indicates that a paradigm for software product quality does not

exist within software engineering or other academic disciplines. It appears as though software can
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be described simultaneoudly as a product, a process, and aservice. The lack of paradigmis
illustrated by the fact that none of the existing theories has attracted the critical mass of adherents
required to drive continued development of the discipline and by the diminishing returns for

additional research invested in current software quality methodol ogy.

3 Theory Articulation

3.1 Initial Data and Assumptions

In the early stages of theory generation, retrospective analysis of existing datais arelatively low
cost way to refine atheory. Manifest content analysis --the structured analysis of textual
documents -- was used to generate the theoretical constructs. This techniqueis inherently broad
and yields reliable results [Holsti, 1968]. Initial nominal definitions for each of the current theory
constructs are provided in Table 1. These constructs and their definitions are drawn primarily
from the references cited in the previous section. Boehm et a. [1978] was considered to be a
seminal existing work regarding software quality; Garvin [1988], Zeithaml et a. [1990], and
Misterek et al. [1990] were considered the works which best addressed the dimensions of quality
from product, service, and process perspectives. We should note that, although it was not part of
the original source literature, our proposed dimensions were found to overlap with the software
characteristics identified in the ISO/IEC 9126 [1991] standard for software quality evaluation:
conformance (1SO's "functionality"), durability (reliability), access (usability), efficiency,
serviceability (maintainability), and independence (portability).

The ethnographic distinction between software consumers and producers was considered relevant
to the response and a key distinguishing factor for this research effort. These model elements
make feasible the deduction of simple hypotheses such as "Consumers place relatively more

significance on product Safety than Producers.”

Usrey and Dooley -8-



Consideration of software delivery media, documentation, and other physical artifacts was not
included in the research. Such items weren't seen as essential to the software itself and though
such items are of great concern during initial deployment of software systems, they usually
decrease in importance once the product has achieved its typical operating status. Concepts
related to the organization selling or supporting the software were also omitted from the research.
Vendor process capability, financial strength, and other important parameters are certainly a
concern as suppliers become increasingly like business partners. Many of these issues have a
broad base of published research and al seem to offer fertile ground for further study. Inthis
study, recurring software operation was generaly emphasized over non-recurring tasks like

installation and initial training.

3.2 Publication Selection

Published works formed the unit of analysis for the experiment. The publications considered for
content analysis represent attitudes towards software products and product devel opment.
Documents were classified as representing the views of either software producers or software
consumers. Analysis was limited to English-language publications. No conscious attempt was
made to limit publications by author or publication reputation. Several examples of documents
representing software producers were identified. Papers from technical proceedings appeared to

be representative of the software producer.

To beincluded in the sample space, titles of papers from proceedings had to include both the
words "software" and "quality". Papersfitting this description were identified from the INSPEC
database which is published by the Institution of Electrical Engineers. The on-line version of
INSPEC is limited to papers published from 1988 to 1992, but includes over 5000 journals and
proceedings. If more than one paper in a single bound proceedings met the criteriafor inclusion,
both were included. The authors randomly encountered additional papers from proceedings with

titles that fit the criteriafor inclusion.
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Several other types of published material were considered and rejected. An exampleisin popular
periodicals, where software product advertisements reflect either the attitudes of software
producers, or what they want consumers to believe are thelir attitudes. However, many
advertisements depend on visual images to create an impression on the consumer. Such
advertisements are aform of latent content that is difficult to analyze with reliable manifest
methods. Therefore, advertisements were omitted from the research. Articles posted to the
"comp.software-eng" news group on usenet are aso likely to be representative of software
producers. However, this source suffers from a bias towards the institutions most likely to have

access to usenet..

There are far fewer publications that are clearly and broadly representative the software
consumer. Government specifications for software development, like DOD-STD-2167 [1985],
are an influential source of software consumer expectations. However, these standards focus on
the process of developing or procuring software, not aspects of the software itself. The impact of
government standards on software quality is currently an area of active study. Software user
groups news letters were considered as a source of consumer attitudes. However, these groups
tend to focus narrowly on a single software product and a constrained application domain. Text
referring to the business of the organization may dominate the periodical, introducing validity
concernsin the research. The organization of newdlettersis also more irregular which makes
consistent sampling a concern. For these reasons, software user-group news letters were not
included in the research. In practice, aresearcher focusing on specific market niches could

include this sort of periodical to improve the validity their sample.

Software consumers write letters to the editors of popular periodicals, but this potential source of

consumer attitudes was excluded from research consideration. Producers also write in response
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to previoudy published statements and do not always disclose their company affiliations. The

result is biasin either the letter author or in the research trying to cull inappropriate letters.

In product reviews, contributing authors assume the role of consumer. The reviewer may have no
direct involvement with the development of software, but still may not reflect all the concerns of
consumers in a given market niche. This research was concerned with software-only products, so
there was also some level of expertise required on the part of the researcher to select reviews of
only those products that were relevant to the research. Though not ideal, product reviews were
adopted as the source of software consumer attitudes and concerns. Popular software periodicals
included in the sample space were those encountered by the authors at the 1992 Fall Comdex

trade show, at various Twin Cities computer retail outlets and encountered randomly.

To increase validity, analysis units consisting of entire works were adopted. A whole paper and
all of the text in aproduct review were considered to be more valid indicators of publication
content than samples. This resulted in word volumes that could vary between analysis units. This
also suggested analysis units with much greater word volume than typically encountered. A total
of 339 papers from proceedings are included in the sample frame for software producers; 58
popular periodicals represent consumers. The process of selecting specific publications for
analysisis described: Randomly select a publication; computer programs and random number
tables may be used for this purpose. Proceedings and product reviews out of print or otherwise
unavailable are removed from the sample space and an alternate selection is made. For papers
from proceedings, sampling is performed without replacement. After one of these publicationsis
analyzed, it is dropped and the sample frame is reduced by one. For product reviews, a popular
periodical is selected and the most recently published issueisused. If the periodical isno longer
being published, the title is dropped from the sample frame. |If the periodica contains no

software-only product reviews, another sample is selected. All product reviews greater than one
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page in length within a selected popular periodica are included in the sample space. The forty-
eight publications selected and analyzed are identified and described in Appendix A.

3.3 Data Collection

The mechanics of the data collection for each publication depend upon the publication type. For
papers from conference proceedings, all pages were analyzed, including headings, captions of
figures, illustrations and bibliographies. All product reviewsin popular periodicals that met the
criteriawere included in the analysis. The entire lexical content of the article is analyzed including
title, text, captions, graph axes, tables, bibliographies, and author biographies. A sample of the
written instructions for the individual tabulating the content analysis of product reviews in popular

periodicalsisincluded in Appendix B.

To conduct manifest content analysis of the documents, a coding scheme was devel oped that ties
key words or "symbols' in the publication to various theory constructs. Symbols can be positive
or negative examples of the construct. Babbie [1992] calls these symbols construct indicators.
Construct indicators are used in manifest analysis to increase response frequency. Symbol
frequency isthe unit of observation for the experiment. The coding scheme is detailed in

Appendix C.

Construction of a symbol coding scheme has a significant impact on research validity. The
number of symbols per research construct was fixed at four. A small number of symbols per
construct increased the likelihood of a valid mapping while reducing the opportunity for omission
and error during data collection. It was relatively easy to find at least four symbols per construct,

but some constructs suggested an even larger list of potential key words.

The key words representing each construct were collected in several ways. Initially, key words

were identified from the original reference from which the construct definition was drawn to
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enhance face validity. When required, the symbol mapping was extended with thesaurus reference
[Morehead and Morehead, 1978]. Finally, additional symbols were identified during the pilot

application of the instrument.

Tabulation of symbol variants was adopted to increase the response frequency. Therefore, the
individual performing the word tally was responsible for identifying valid affixes applied to key
words. The increase in response frequency afforded by inclusion of such variants was felt to

mitigate the small reliability penalties.

Because of the variety of academic disciplines represented in the construct definitions and the
breadth of software products considered, key words were potentially overloaded. For instance,
the symbol "sound" would usually be associated with the Stability construct, like the phrase
"sound as adollar," but specific pieces of software or software development procedures may
incorporate sound generation, editing, and playback as Features. Both meanings could be used
within the same publication. Overloading of key words was most acute when mapping to the

Features construct. This forced some sacrifice of research reliability to assure validity.

Another issue involves the use of a product and/or methodology proper name. This introduces
potential for bias because the proper name is likely to be used repeatedly. It was decided to
include each instance of these repeated words because it was assumed that the use of those words
in the proper name implied the desire to create a strong association with the implied content.
Cursory investigation of automating the tallying process suggested little benefit. Therefore human
reviewers were used under the following guidelines. (a) asingle reviewer was used for each
publication, (b) publications were analyzed in roughly the same physical environment, and (c) the
analysis of a given publication was completed in one session. The repetitive nature of the analysis
task dictates brief rest intervals between publications for the reviewer. The order of publication

review was fully randomized. Finaly, it should be stressed that tabulation errors almost certainly
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occurred. Thisfact will have some negative impact on research reliability. However, human
errors should be randomly distributed among publication types, key words, and theory constructs.
A test of inter-rater reliability used one consumer publication and one producer publication; it
showed no statistically significant differencesin the final tallies of construct frequency (at 95%

confidence).

The symbol tallying process is best described by example. The following passage is excerpted
from "Control Data Corporation's Government Systems Group Standard Software Quality

Program” by Redig and Swanson:

One embarrassing side effect of the existing plans was the inconsistency that developed
between the different GSG divisions. Thisinconsistency was quite embarrassing when the
Defense Contract Administration Services (DCAS) representatives came to audit the SQE
programs. DCAS found many different ways of doing the exact same thing. Because
each program was free to develop their own plan, each program had a different set of
procedures that they followed in implementing the plan. However, this left the SQE
analyst trying to explain why their set of procedures were better than plans which DCAS
representatives had reviewed earlier. The SQE analysts were confuse because they had
procedures that were different across the GSG divisions; further the DCAS representatives
were confused because they had to learn a whole new set of procedures each time they
audited a different program.

Thus, the necessity for a standard SQP was clearly established. The functions of a
standard SQP include a central SQE resource for supporting software proposals and bids,
ensuring compliance to a common plan, training new SQE analysts, providing a consistent
SQE reference source, gathering SQE metrics, performing SQE trend anaysis,
implementing new SQE technology, coordinating SQE technology and issues between
divisions, and maintaining the current SQP documentation.

The Consistency construct isindicated twice in the first paragraph and once in the second
paragraph by variants of the word "consistent”. Use of the symbol "standard” twice in the second
paragraph implies the Stability construct. Capacity is suggested by the symbol "resource”. The
key word "coordinating” is assumed to indicate the Synchronization construct. The presence of
the symbol "maintaining” suggest the Serviceability construct. Finaly, the word "clearly” is
captured as evidence of the Legibility construct. Thislast mapping illustrates the trade-off
between reliability and validity in a strictly manifest anaysis.
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The unit of analysisis an article and application of the tallying process to a single consumer or
producer article generates a vector of construct frequency counts expressed as non-negative
integers. A small number of the publications from those identified for the publication analysis
phase were used to perform a pilot evaluation of the key word mapping scheme. Pilot evaluation
of research instruments enhances research validity. If needed, additional symbols were identified
at this point. Thisaso provided an opportunity to add the inductive analysis of applying the
scheme to the deductive reasoning of creating of the scheme. Documents used in the pilot
iteration were discarded from the sample frame to avoid bias. Tally counts were performed by the
two authors and another individual independently; discrepanciesin final counts were resolved

through consensus.

4 Results

Taking the consumer article tallying vectors as rows and the proposed quality constructs as
columns forms a 33x25 contingency table of two nominal variables with joint probabilities pjj. A
similar 15X 25 table can be expressed for the producer articles and the proposed quality
constructs. Chi-squared tests of the null hypothesis of independence between construct and
article response were conducted for both producer and consumer data. The null hypothesis was
rgjected in both cases with significance levels approaching zero using 336 and 800 degrees-of -

freedom, respectively.
From a producer perspective, the most frequent quality dimensions found were: Accuracy,

Capability, Completeness, Conformance, Flexibility, Serviceability, Stability, and Structuredness.

From a consumer perspective, the most frequent quality dimensions found were:
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Capability, Communication, Completeness, Conformance, Features, Flexibility, Simplicity,
Stability (Table 2).

Screening techniques were applied to find the most important explanatory variables for the
response pattern identified by the contingency table test. Lohlin [1992] describes principle
component techniques for identifying important factors among a large number of latent variables.
In standard principle components analysis, a JxJ diagonal matrix is generated whose elements,
rmn, are the Pearson correlation coefficients for columns m and n in each 1xJ contingency tables
above. This correlation matrix has 1's on the diagonal and all matrix elements have values
between -1 and 1, inclusive. Eigenvalues are then obtained for the correlation matrix. In Kaiser-
Guttman analysis, all factors with an eigenvalue greater than one are assumed to be non-trivia. A
graphical variation on this technique is the scree test. First, a pareto graph of the factor
eigenvauesis plotted. The plot is examined to determine the point at which the curve flattens.
The factors to the left of that point, with large decreases between factors, are considered

nontrivial.

Within the producer articles there are six factors identified using the Kaiser-Guttman threshold.
Using the scree criteria, one factor appears to have a significant response in the producer sample.
The Kaiser-Guttman test also generated six factors when applied to the consumer article data.
One of the six factors was marginal with an eigenvalue near unity. Scree analysis suggests that
the one dimension was significant among consumers as well. Since the Kaiser-Guttman and scree
criteria produced a different number of significant dimensions, a compromise was used and the
first three principle components were evaluated for both the producer and consumer article data.
These three principle components account for 71% of the variation in the producer data and 69%
of the variation in the consumer data. A fourth factor in both cases would contribute less than
10% additional variance coverage. Eigenvectorswere used to determine the relationship between

the principle components and the origina dimensions that formed the basis for the correlation
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matrix. Original dimensions with eigenvector coefficients with absolute values greater than .25
were considered in the interpretation. The origina dimensions that accounted for less than two

percent of the total response were eliminated from analysis.

Within the producer articles, Conformance, Completeness and Accuracy all made significant
contributions to the first principle component (Table 3). Conformance also had the highest
frequency among producer articles, accounting for over one third of the response. Capability,
Accuracy, Flexibility and Descriptiveness were significant elements of the second producer
principle component. The dimensions Serviceability, Simplicity and Communications correspond
to the third principle component for producers. Structuredness, the second highest frequency
response among producer articles, and Stability, the response with the fourth highest frequency,

failed to make a significant contribution to any of the first three principle components.

For the consumer articles, Features, Conformance, Completeness and Capacity were significant
elements of the first principle component (Table 4). Features was a so the highest frequency
response among the consumer articles, accounting for over 15% of the response.
Communications, Simplicity, Structuredness and Efficiency made significant contributions to the
second principle component. Simplicity, Stability and Percelved Quality dimensions correspond to
the third principle component. Capability and Flexibility, each accounting for roughly 10% of the
total consumer response, were not strongly associated with any of the first three principle

components.

5 Discussion

There appears to be considerable similarity between the consumer and producer article responses.
The first principle components for both consumer and producer data included both Conformance
and Completeness among their significant components. These dimensions also had ardatively

high frequency response in both sets of data. Taken together, Conformance and Completeness
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are equivaent to Boehm's compound characteristic “ Completeness’ and relate to the fulfillment
of explicitly stated requirements. Some of his operational definitions can be applied to the
constructs as defined in this treatise and others should be relatively straight forward to develop.
These results support construct validity and demonstrate some longitudina stability for those

constructs.

The Features construct had the highest frequency response among consumer articles and was also
asignificant element of the first principle component for the consumer data. Thisresult is
consistent with the results obtained by Garvin in Managing Quality which supports concept
validity. Asdefined during manifest content analysis, the Features dimension is the combination
of Garvin's Performance and Features categories. Garvin discriminated between primary product
operating characteristics and secondary operating characteristics. Software products have
numerous attributes which makes partitioning between primary, secondary and even more classes
of operating characteristics difficult and somewhat arbitrary, so the two dimensions were
combined for thisanalysis. Garvin's dimensions are subtly different from Boehm’s
“Completeness’ in that they include both stated and unstated requirements. Within established
software quality practice, software development is concerned only with those characteristics
necessary to satisfy the stated requirements, there is no stratification of stated requirements, and

unstated requirements must be made explicit [McManus, 1987].

The distinction between, and relative importance of, explicit versus implicit requirements
could also be indicative of anominal variable characterizing make-to-stock versus make-to-
order software. Though the concept is common to manufacturing disciplines and seems to be
aplausible way to characterize software products, the distinction appearsrarely, if at all, in
software quality and software engineering literature. Early software development was often
concerned with make-to-order systems [Brooks, 1975; Boehm, 1978], so software

engineering standards and practice would reasonably have evolved from that foundation.
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However, that assumption may well have to be reassessed given the increasing importance of

consumer software that is essentially make-to-stock.

All the consumer product reviewsin the original sample are clearly associated with make-to-
stock software. The majority of producer articles appear to be concerned with make-to-order
software while the other papers cannot be exclusively categorized as either make-to-stock or
make-to-order. Therefore, the stock-order variable is confounded with the consumer-
producer variable and cannot be controlled or blocked in the data. Either variable could

account for the difference in response.

Accuracy, the correctness of a program, was significant in both the first and second producer
principle component. This dimension could be an expression of a baseline expectation for
software developers. Likewise Capacity, an element of the first consumer principle
component indicating the ability of the software to keep pace with demand, may well be a

baseline expectation for consumers.

In spite of some differences in the two response sets, it seems reasonable to conclude that the
first principle component for both producers and consumers corresponds to the same factor.
This factor appears to be related to whether the software product satisfies consumer

requirements and expectations.

Thereisonly dightly less agreement between producer and consumer samples for the second and
third principle components. Simplicity and Communication were components of both the second
principle component for the consumer articles and of the third principle component for producer
data. Both dimensions deal with ease of use: Simplicity is how complicated the software is and
Communication is how easy software inputs and outputs are to assmilate into a larger system.

Simplicity was a component of the third principle component for consumers aswell. The
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Efficiency vector, also a component of the second consumer principle component, had an
orientation opposite that of the other dimensions that formed the second principle component.
This may suggest a trade-off between Efficiency and the other components of ease of use.
Serviceability was a component of this factor in the producer data and it seems reasonable to
interpret this dimension as an element of ease of use. These results seem to indicate the existence
of avalid factor related to ease of use, but a higher priority for this factor among consumers than

among producers.

Capability, Flexibility, Accuracy and Descriptiveness were the components of the second producer
principle component. The definitions for Capability and Flexibility both suggest a factor that is an
expression of variation. Capability and Flexibility had moderately high frequency responsesin
both sets of data, but were not identified among significant principle components in the consumer
response. Structuredness and Stability also had relatively high frequency responsesin both
producer and consumer data sets, but, conversely, were not e ements of any of the significant
producer principle components. Structuredness, the pattern of software organization, may be a
consumer indicator of ease of use, given itsinclusion in the second principle component for
consumers. Thus it seems that the third principle component relates to a genera sense of

technical soundness, perhaps best captured by the Capability construct.

Stability, Simplicity, and Perceived Quality were components of the third consumer principle
component. These results suggest a construct of "first impression quality”, because they al dedl
with the perception of quality immediately after a consumer uses the product. Within the context
of our sample (consumer reports), this appears to be avalid conclusion. It is unclear whether this
dimension is strictly an artifact of our sample type, or whether it would hold up in general. Our
intuition is that it would hold up in other contexts--consumers often make software purchase
decisions based on experimentation with a demonstration disk or a version available on the retail

floor, so first impression quality would be a significant determinant.
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In conclusion, the principal components analysis suggests some possible meta-dimensions of
software quality: fulfilling customer requirements, ease of use, and capability (for producers); and
fulfilling customer requirements, ease of use, and first impression quality (for consumers). In
looking at where the two lists differ, consumers appear to be interested in what the software can
do for them now (first impression quality), whereas producers appear to be interested in what the

software can do for them in the future (capability).

Dimensions from Characteristics of Software Quality and "The Strategic Nature of Process
Quality" had moderately-high responses in both the consumer and producer sample sets. Many of
these have operations definitions in the source reference and additional operational definitions
would be relatively straight forward to develop. Missing from the list of significant dimensions
for both consumers and producers are dimensions related to SERVQUAL and the service aspects
of software products. There was not an equal density of constructs from the original sources of
nominal construct definitions, which could account for the service dimensions receiving a
relatively small response. In the authors' opinions, amore likely explanation is that these aspects

of software operation are not well recognized.

Computer use, in all sorts of endeavors from analysis to entertainment, is changing from the
exceptional to the pervasive. The knowledge and expectations are dynamic elements that will
change with education and the social evolution of the role of software. Software systems that
once provided certain consumers with a unique edge in the development, delivery, and support of
their own products are now becoming necessary for mere survival. Asaresult, the mix of
consumers contains a smaller proportion of enthusiasts and a greater relative frequency of
reluctant conformers. The focus among many consumersis shifting from individual productivity
enhancement to software that facilitates interaction among individuals. It isincreasingly unlikely

that an individua in this situation will be able to dictate hardware and operating software
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requirementsto all of their collaborators. Asaresult, considerations like Synchronization may

become more significant to consumers in the future.

Another dynamic element relevant to software quality is the locus of specific functionality in
layered software systems. Infrastructure has migrated between operating system, application, and
the emerging category of "middleware”. Modification of one element of the operating software
infrastructure can be the stimulus for a failure of another software component. Improvementsin
the hardware environment can also compromise the value of specific software products. For
example, avariety of older applications cannot drive laser printers and the authors have a
collections of games that run too fast to play on current hardware platforms. This indicates that
many, if not most requirements of a software product are unknown and unknowable by the
producers. Therefore, amodel for software quality that relies on conformance to explicitly

known requirements is clearly insufficient.

The expanding capability of computer hardware also effects software quality attitudes. New
devices for human interaction with the computer are being realized under the banner of virtual
reality. Software development tools and productivity are rapidly evolving. These devel opments
fuel availability and consumer expectations for software products and strongly support the idea
that software product quality is an entropic function. Without continued effort to refine and

improve software products, quality declines with the advance of time.

The manifest content analysis results support the presumption that current software quality
research and practice among producers is concerned primarily with make-to-order software and
the development process, not the product. The Conformance category cited most frequently in
producer article is strongly associated with the development process. The latent implication in
most references to the Conformance construct was forma compliance with the previous

abstraction level of product requirements. Generalization of physical world phenomenaisthe an
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important element of theory construction [Kuhn, 1970]. It seems evident from the observed
responses that current software engineering theory was constructed on the generalization that
software is made to order. While not a complete classification scheme, the make-to-stock versus
make-to-order distinction appears to be valid based on the preceding analysis. The classfication
scheme should prove to be more longitudinally stable than those previously proposed for software
products.

6 Conclusions

Manifest content analysis appears be a useful technique for theory construction and validation at a
relatively low cost. The data available, with the described limitations, was nonetheless useful in
validating severa assumptions regarding software quality. Theinitial analysis step successfully
provided a foundation for more intrusive and prospective data collection. The quantitative and

gualitative analysis also suggested several avenues for further research.

Guttman scale construction [Gorden, 1977] for the software quality constructs would be a
valuable contribution. Discovery, calibration, and verification of ordinal scalesfor a subset of the
constructs would facilitate the use of more powerful statistical modeling techniques. Scale
generation is arecognized means of empirical theory validation. This effort would facilitate a
move from conceptual to operationa definitions for the theory constructs. This would be very

beneficial to the research of quality in al fields, not just software.

As previously indicated, the investigation of other explanatory factors towards the construction of
alongitudinally stable software classification taxonomy would be a valuable contribution to
software engineering. Factorial experimentation is alogical tool to use to measure the predictive
significance of candidate classification schemes. The stability of a proposed phylogeny could be
assessed subjectively given what has been learned from the failures of other classification schemes.

Time offers the only objective evaluation of the longitudinal stability of such schemes.
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The results of thisinvestigation suggest that there are severa dynamic elements that effect quality
attitudes. Powerful mathematical tools exist for modeling dynamic systems. Models featuring
interactions, delays, and feedback often produce unique and useful predictions. The importance
of novel predictions in growth and improvement of theory is supported by several factors

[Chalmers, 1990].

Survey research could be used in the verification of observed construct priorities. A Delphi paned
could also be convened for this purpose. Confirmation of the observed priorities would also
indicate priorities for future software quality research. Another candidate for related future
research involves exploration of predictive validity. A non-exhaustive set of predictions that are
consistent with the model framework would be posed and empirical methods used to collect data
and test statistical hypotheses to confirm predictions. Cross-validation is the ultimate test of
factor selection [Lohlin, 1992] and it is hoped that future research will include repetition of this

experiment.
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Access
Accuracy
Aesthetics
Capability
Capacity
Cleanliness
Communication
Competence
Completeness
Conciseness
Conformance

Consistency

Credibility
Descriptiveness

Durability
Efficiency
Features
Flexibility
Independence
Legibility

Perceived Quality
Performance
Precision
Responsiveness
Robustness
Safety

Security
Serviceahility
Simplicity
Stability
Structuredness
Synchronization
Tangibles

ease of use of the program or its components (Bo)

correctness (Ba)

how a product looks (G)

ability to keep variation within required limits (M)

ability to produce at least at the rate of demand (M)

cleanliness (M)

form of inputs and outputs is easy to assimilate into larger system (Bo)
possession of required skills and knowledge to perform service (2)
each part full developed (Bo)

no excess information is present (Bo)

degree to which a products design and operating characteristics meet
the stated requirements (G); "al parts present” portion of
"Completeness' Characteristic (Bo)

uniform notation, terminology, and symbology through each
definition level (Bo)

trustworthiness, believability (2)

contains enough information to determine the objectives, assumptions,
constraints, inputs, outputs, components, and status (Bo)

amount of use before replacement is more economical than repair (G)
rate of value and waste added per resource consumed (Bo, M)
operating characteristics (G)

marginal cost to extend Features (M)

executable in hardware environment other than current one (Bo)
function of program and componentsis easily discerned by reading the
code (Bo)

impact of advertisements and references (G)

primary operating characteristics (G)

exactness of measure (Ba)

willingness to help customers (Z)

marginal cost of surviving unforeseen changes (M)

freedom from physical danger (M)

freedom from risk or doubt (Z)

speed of repair (G)

how complicated (M)

predictability (M)

possesses a pattern of organization of its interdependent parts (Bo)
how well aligned different parts of the process are (M)

facilities, equipment, personnel, communication materias (Z)

Adapted from: (Ba) Babbie, 1979; (Bo) Boehm, 1978; (G) from Garvin, 1988; (Z) from
Zeithaml et al, 1990; (M) from Misterek et al, 1990.

Table1
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Producer Consumer

Quality Dimension Accuracy, Capability, Capability, Communication,
Completeness, Conformance, Completeness, Conformance,
Flexibility, Serviceahility, Features, Flexibility, Smplicity,
Stability, Structuredness Stability
Table2 Most Frequent Quality Dimensions Found

Variable PC1 PC2 PC3

CONFORMA 264 .076 .065
STRUCTUR .157 -.059 .244
CAPABILI 139 -251 -.168
STABILIT -235 -140 .136
COMPLETE .293 -.184 -.026
ACCURACY 254 -268 .049
SERVICEA 120 -.156 -.288
FLEXIBIL 223 -305 111
DESCRIPT 211 -305 .137
SIMPLICI .088 .156 -.352
EFFICIEN -243 -235 -.135
COMMUNIC -.032 .002 -.266
PERCEIVE -276 -.186 .040
CONSISTE -275 -.218 -.087
CAPACITY -271 -160 .080
FEATURES 103 .297 -.053
INDEPEND 091 -345 -179
SECURITY -076 -.085 -.307
SAFETY 205 .104 -.200
ROBUSTNE -177 .004 .297
CONCISEN -129 -.042 -415
SYNCHRON 282 -192 .062
DURABILI -285 -186 .077
PRECISIO 029 325 .045
LEGIBILI .050 -.026 .319
Table3 Producer Eigenvector CoefficientsTheory Construct Reduction

Dimensions in relative frequency order
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Variable PC1 PC2 PC3

FEATURES -0.287 0.069 0.031
CAPABILI -0.178 -0.187 -0.049
FLEXIBIL  -0.154 0.086 0.148
CONFORMA -0.271 0.092 0.123
COMMUNIC -0.160 -0.368 0.080
SIMPLICI 0.100 -0.322 0.311
STABILIT -0.145 0.237 0.289
COMPLETE -0.286 -0.082 0.052
CAPACITY -0.282 -0.078 -0.032
STRUCTUR -0.141 -0.303 -0.249
INDEPEND -0.227 0.014 0.206
EFFICIEN -0.078 0.352 0.199
PERCEIVE 0.098 -0.015 0.362
ACCURACY 0.101 -0.322 0.118
DESCRIPT -0.267 -0.163 0.047
SECURITY -0.278 0.066 0.035
DURABILI 0.117 0.039 0.336
ROBUSTNE -0.268 -0.150 0.004
SAFETY -0.064 0.367 0.086
SERVICEA -0.291 -0.024 0.005
SYNCHRON -0.252 -0.049 -0.084
CONSISTE 0.125 -0.285 0.283
LEGIBILI 0.109 -0.201 0.048
AESTHETI 0.201 -0.028 0.257
CONCISEN 0.127 0.035 -0.341
PRECISIO 0.048 0.034 -0.290
Table4 Consumer Eigenvector Coefficients

Dimensions in relative frequency order
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APPENDIX B INSTRUCTIONS FOR MANIFEST CONTENT ANALY SIS OF
SOFTWARE PRODUCT REVIEWS IN POPULAR PERIODICALS

Reviewer Name:
Review Date:
Generator Seed: Sample Number:
Publication Name:
Publisher:

Publication Date:
Product Review pages

Generd instructions. You are asked to analyze severa publications. Try to identify a common
setting for each analysis session. Thisincludes location, lighting, time of day, and background
noise. Try to minimize other distractions. Schedule occasional, short breaks to refresh yourself.
Analysis of each publication should be completed in asingle, uninterrupted session.

Product Review Analysis. The use of key words will be tallied. The tallying process covers all
the text in al "software-only" product reviewsin the periodical. Omit reviews less than one full
page. All text should be analyzed including title, normal text, section headings, bibliographies,
author biographies, and captions on figures and illustrations. Inset articles are omitted from
analysis. The most recent issue of the selected periodical isto be used.

Key Word Tally: Familiarize yourself with the key word tally list. Y ou will be identifying the key
word and variations including prefixes, suffixes, tenses, and conjugations. If akey word appears
to be used to describe a primary characteristic of the software or development methodol ogy
instead of its intended construct , do not tally that instance.
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APPENDIX C MANIFEST CONTENT ANALY SIS CONSTRUCT CODING

accurate
adapt
advantage
aesthetic
appeal
approximate
architecture
aspect
attribute
beauty
benefit
brief
capable
capacity
challenge
classify
clear
cohesive
communicate
complete
complex
compose
concise
confidence
configure
conform
congruous
consistent
constraint
control
coordinate
correct
crowd
custom
damage
danger
dependent
descriptive
detail
deviation
device
diagnosis
diverse
doubt
durable
efficient
elegance
eliminate
embed
enable
entire
exact
explicit
export
feature
flexible
form
frustrate
future

idle

ACCURACY
ROBUSTNESS
PERCEIVED QUALITY
AESTHETIC
AESTHETIC
PRECISION
INDEPENDENCE
FEATURES
FEATURES
AESTHETIC
PERCEIVED QUALITY
CONCISENESS
CAPABILITY
CAPACITY
SIMPLICITY
SECURITY
LEGIBILITY
SYNCHRONIZATION
COMMUNICATION
COMPLETENESS
SIMPLICITY
STRUCTUREDNESS
CONCISENESS
SECURITY
FLEXIBILITY
CONFORMANCE
CONSISTENCY
CONSISTENCY
CAPACITY
CAPABILITY
SYNCHRONIZATION
ACCURACY
LEGIBILITY
FLEXIBILITY
SAFETY

SAFETY
INDEPENDENCE
DESCRIPTIVENESS
DESCRIPTIVENESS
CAPABILITY
INDEPENDENCE
SERVICEABILITY
ROBUSTNESS
SECURITY
DURABILITY
EFFICIENCY
AESTHETIC
EFFICIENCY
SYNCHRONIZATION
CAPACITY
COMPLETENESS
PRECISION
DESCRIPTIVENESS
COMMUNICATION
FEATURES
FLEXIBILITY
STRUCTUREDNESS
SIMPLICITY
ROBUSTNESS
EFFICIENCY

Usrey and Dooley

import
impress
injury
integrate
interim
legible
maintain
metaphor
modify
optimum
option
organize
perpetuity
plain
platform
portable
precise
quirk
reasonable
release
repair
repeatable
require
resource
robust
round
safe
secure
service
simple
specify
stable
standard
structure
succinct
synchronous
terse

test
uniform
update
upgrade
valid
vaue
whole
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COMMUNICATION
PERCEIVED QUALITY
SAFETY
COMPLETENESS
STABILITY
LEGIBILITY
SERVICEABILITY
DESCRIPTIVENESS
FLEXIBILITY
EFFICIENCY
FEATURES
STRUCTUREDNESS
DURABILITY
LEGIBILITY
INDEPENDENCE
COMMUNICATION
PRECISION
CONSISTENCY
ACCURACY
STABILITY
SERVICEABILITY
CAPABILITY
CONFORMANCE
CAPACITY
ROBUSTNESS
PRECISION

SAFETY

SECURITY
SERVICEABILITY
SIMPLICITY
CONFORMANCE
STABILITY
STABILITY
STRUCTUREDNESS
CONCISENESS
SYNCHRONIZATION
CONCISENESS
CONFORMANCE
CONSISTENCY
DURABILITY
DURABILITY
ACCURACY
PERCEIVED QUALITY
COMPLETENESS
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