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Abstract— This article analysis non-technical aspects of
software quality perception and proposes further research
activities for this subject.

Cognitive science, psychology, micro economics and
other human-oriented sciences do analyze human behavior,
cognition and decision processes. On the other hand engi-
neering disciplines, including software engineering, propose
many formal and technical approaches for product quality
description. Linkage between technical and subjective qual-
ity has been subject of research in areas related to food and
agricultural applications and in this article we propose
analysis of professional product perception which beyond
doubt is a software product. This new research is called
Software quality psychology.

Index terms—.Software, Quality perception, cognitive psy-
chology.

I. INTRODUCTION AND MOTIVATION

Software Engineering emerged in the 1960’s as an answer
to software quality problems occurring at that time. Software
products differed from other human industry products
mainly because they were intangible and because their static
attributes (attributes of a product that can be measured
without using it) were irrelevant while dynamic attributes
(attributes of a product that measure the behavior of a
product when it is used under certain conditions) were of the
highest importance. Software products usage is growing
constantly and it is currently being used in almost every area
of human activity. High quality software is then important
issue not only for software developers but primarily for
customers, users and people community as a whole (for
example: software is in control of traffic lights, airplane
steering systems, TV receivers etc.) From the 1970’s until
these days there were several attempts to understand and
model software quality — the latest model, the ISO/IEC
SQuaRE model, is still under development.

Quality models are a way of expressing quality, but de-
spite of these definitions one has to know what does the
quality of a software product mean. We do know [26] that
quality means different set of characteristics for different
perspectives, and for different contexts of use (the same
product may be perfect in one and useless in another context
of use).

Does these approaches cover all issues related to the
software quality description and evaluation? When talking
about the user perspective we have to take into account not
only technical software product quality, but also a set of
communication occurrences, disinformation issues, expec-
tations, beliefs or even mental states of users. Let us assume
that software production processes are stable and on their
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best, the same with project management processes. Are there
still issues that could increase or decrease the perceived
quality level? This question is placed between processes
taking place in the real project (see fig. 1).
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Fig. 1, Place of Software Quality Psychology

De gustibus et coloribus non est disputandum. In philos-
ophy of the mind there is a idea of qualia [13], defined as
basic properties of sensory perception. Such perceptions
cannot be fully explained by the person experiencing these
sensations. If we assume that the quality is related to sensory
perception then we could conclude that attempts to define the
quality in terms of objective measures are unable to express
personal views. Considering a customer or a user as an ul-
timate source of the software quality measure (compare
CMM [37], IS09001:2000, TQM, [44]) there is an important
question: does the user quality perception follow objective
measurements of quality (as for professional products), or
users are following set of observer biases having their sub-
jective perception unpredictable using a psychologically
contextless model.

The same research question may be asked about sources of
the customer and the user satisfaction with the product they
have. Certainly there are attributes manifested by the prod-
uct, but if the satisfaction depends also from anticipated
attributes values or the way attributes are presented then it
may be possible to guide the customer and the user percep-
tion process significantly changing the satisfaction level and
the quality attributed to a software product.

Above questions, if answer is yes, seem to be important
area for every software project increasing probability that
user and customer needs will be answered in software
attributes and the software product will be considered as
having satisfactionary level of quality.

II. BACKGROUND

A. Cognitive psychology

Cognitive sciences, as interdisciplinary study, concern on
human mind, intelligence, analyzing processes determining
human behavior etc. Such studies were present in philo-
sophic works of Plato and Aristotle in ancient Greece, be-



coming important stream of research in 17" century owing to
Descartes. Despite of rapid development of these sciences
for past 40 years there are still more questions than answers
about explanations of human mind processes [42].

In this article we concentrate on cognitive perception of
software, adopting cognitive psychology, but also psycho-
logical concepts presented in 18", 19" and 20" century by
Gossen, von Wieser, Kant, Hume, Freud, Maslow and other
thinkers.

In our approach it is important not only to understand
perception of software quality, but also we are discussing
possibility of influencing this perception. In other words we
propose set of experiments which could explicitly discover
relation between possible attributes of product and influence
on environment what in consequence would change quality
perception.

B. History of valuation

Value of things is one of basic ideas in human perception
related processes. Sociological, psychological, economical,
ethical value models has been developed from ancient times
with attempts to explain why human beings prefer or choose
some things over others and how personal behavior may be
guided (or fail to be guided) in valuation (compare Lawrence
Kohlberg, Max Weber, von Weiser etc.). In this section we
will present short summary of ideas resulting from these
works which seem to be applicable in analysis of software
quality perception and subjective distinction to software
products made by evaluators.

In neoclassical economics or in microeconomics value of
object is often described as nothing else then the price de-
pendant from supply and demand on competitive or
non-competitive market.

Putting aside classical approaches we concentrate on
subjective understanding of value. One of classic examples
of subjective value issue is known as diamonds and water
paradox related to works of Adam Smith [43]. The question
in this paradox uses observation that water is crucial for
human surviving while diamonds are useless from biological
point of view, but diamonds are much more expensive then
water is.

Answer attempts for this paradox were given by several
19" century thinkers. Herman Gossen proposed law of di-
minishing marginal utility [16] arguing that if a good satis-
fies some need, then value of next unit of this good is dimi-
nishing. This thought was continued in Austrian school
(named “philosophic”) and Friderch von Wieser [50] expli-
citly expressed observation that satisfied needs are of less
importance. In 20™ century Abraham Maslow proposed
pyramid of needs [31]. Basic needs (D—needs), which are not
recognized unless not satisfied, and upper needs (B-needs)
appear only when lower level needs are satisfied. In addition
we may refer to Sigmund Freud thought that world is per-
ceived by humans mainly on sub-conscious level [13].

Above ideas of philosophical economy are important
clues to understand cognitive processes associated with
valuation of goods. Aristotle considered quality as non
quantitative factor allowing to distinguish thing among other
from the same category [25]. Thinking about valuation in
terms of cognitive science it is required to identify mental
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state of valuator, his needs and level of their satisfaction
remembering that satisfaction level is not linearly correlated
with saturation of need.

Further on we will discuss “units” but referring to soft-
ware they should not be considered as quantity of this soft-
ware. We assume that for every characteristic we may in-
crease or decrease its strength by some “unit” influencing
user satisfaction. In this assumption we follow economists
defining utility as quantifiable in some units.

C. Software Quality and Quality Models

From 1960’s development of software products was per-
ceived as discipline of engineering. From that time attempts
to define goals and measures for software began. One of the
most difficult measures to define was software quality
measure although it seemed to be highly important attribute
of software product.

Software products stated new set of definition require-
ments in aspect of product measures and quality measures.
Any measures known for ages (weight, size, durability, wa-
ter resistance etc.) could not be applied to get significant
information about software. First attempts to state quality
measures were done in 1970s by McCall’s [32] and Boehm’s
[8] quality models. Such attempts are still taking place and
currently the most modern is the SQuaRE (Software product
QUality Requirements and Evaluation) model developed
within ISO/IEC25000 standards series. This new approach is
perceived as new generation of software quality
models[48][48] and is being used for decomposition of end
users perspective to software components [1].

Quality models are important way to express quality in
commonly understandable terms. In this article we use
ISO/IEC SQuaRE vocabulary and consider software quality
in use as representation of user and customer view on soft-
ware quality.

D. Quality perception modeling

The need of measuring quality of the products is a natural
consequence of stating quality as thing that matters. First
software quality models and need to measure users opinion
appeared in McCall [32] and Boehm [8] publications. At that
time it was only concepts.

In 1984 Gronroos described quality as function of ex-
pectations, dividing perception into three dimensions: func-
tional, technical and image (perception of vendor) [17]
making base for SERVQUAL model [36]. This model, and
its successors are the most widely used quality perception
models [24] not only for IT products but also for airline
services, fast-food, telephony, banking, physiotherapy, web
sites, healthcare and many others [6], [33].

Another approach to define software quality perception is
based on belief revision theory [38]. This method adopts
AGM paradigm [5] or Grove’s system of spheres approach
[18] and proposes epistemology approach to define beliefs
and their revision process following assumption that ob-
server is rational, deductive agent using principle of minimal
change.

Above approach uses assumption that users are rational
agents following deductive reasoning and that beliefs may be
represented in formal system. Authors does not analyze



context of user (context of purpose) nor users personal as-
pects (tiredness, attitude treat evaluation seriously etc). It
should be mentioned that authors continue to measure tech-
nical quality factors, as defined in ISO9126 although usage
of them is commonly regarded as to abstract for users to
express user point of view [48]. The most important problem
of those results is problem of repetitive observations on the
same group of users. In this case we may expect that evalu-
ation experiment was also influencing users opinion and
tendency of changing beliefs to similar level could be group
thinking effect or could be influenced by dozens of external
information having nothing to do with the software. In this
article we propose much broader view on quality perception
not narrowed to intrinsic software attributes.

It seems useful to analyze non software oriented attempts
to define software quality perception. One of attempts to
define quality perception in terms of cognitive processes was
made by Steenkamp in his dissertation in 1986 [46], [45],
revised by Oprel in 1989 [35]. Since his work there were
several publications using his model for analysis of food,
plants etc. quality perception modeling, including research in
area of social background influence on food quality percep-
tion [41].

Although some of ideas used in this model are undoub-
tedly common for perception of food products and software
products, there are some important differences. First of all
we have to distinguish role of person making valuation of
software quality [26], while Steenkamp considers all people
as consumers (we can distinguish between consumers and
people responsible for food purchasing for some organiza-
tions). Second important difference is change over time,
what is not addressed in Steenkamp’s neither in successor
models. In last place we may add that unlike food, software
is used mainly by organizations (groups of individuals) and
group behavior may influence individual perception of
quality.

Concluding this literature review we stress out that there is
no commonly accepted method for measuring user percep-
tion of software quality nor common understanding what
“user perception” is. Perception model presented in this
article considers very wide view on users cognitive
processes proposing research in areas not related directly to
software product but probably influencing perceived quality.

III. SOFTWARE QUALITY PERCEPTION

A. Quality requirements and limitations

Modern software engineering approaches explicitly state,
that software project begins with analysis resulting in estab-
lishment of functional and quality requirements (Software
Engineering Body of Knowledge). Publications concerning
software quality lifecycle accept this approach adding
another type of requirements to gather — evaluation process
requirements [23], [21]. There are several guidelines how to
identify requirements and build comprehensive and correct
set of stated requirements [12].

On the other hand it is commonly accepted to define
quality as ability to satisfy stated and implied needs [22].
Implied needs remain however unaddressed in software
engineering state of art. Main stream approach assumes that
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users explicitly express they requirements, give them priori-
ties, analysts identify and analyze user requirements and at
the end of this phase users accept complete set of require-
ments [23], [7], [28], [49].

Looking back on great thoughts associated with cognitive
psychology we may identify significant limitation associated
with such approach. Although users are certainly best source
for defining goal and purpose of software usage, they are
unable to identify their own basic needs or are unable to
assign priority expressing real importance of the need which
are being satisfied.

An alternative for formal specification agreeing can be
found in agile development methodologies. Most of them
stress need for being close to user and allow user to evaluate
software product as often as possible [3]. Another example is
evolutionary approach assuming deliveries to live environ-
ment several times in the project lifecycle [29]. These me-
thods should be much more effective and allow higher suc-
cess ratio for IT projects.

Although agile methodologies are intended to answer
problems with incompleteness of user perspective they seem
to be vulnerable from the same cognitive issue. Users eva-
luating software prototype do not need to employ they
complete set of needs having only abstract reason to work
with evaluated prototype (this bias is partially evened out in
evolutionary approach [15]). We may think about it as hav-
ing brain storm meeting in subject “are these tools enough
for us to live on desolated island?”. Unless people were
really put in real situation they do evaluate appropriateness
of product against their assumptions about imaginary reality.
If software is to support new internal organization (planned
organizational change is often associated with new software
to be implemented) then users have limited ability to eva-
luate it.

Another problem associated with agile methodologies is
that this approaches forces user to exert what leads to dis-
couragement. One has to remember that on early phases user
receives non-working or having poor quality software pro-
totypes for evaluation but it may be observed that user pre-
possess his mind rejecting software on final acceptance.

Concluding this section we shall underline gap between
stated requirements and user needs, especially implied
needs. We also have to remember that software engineering
defines mainly technical (intrinsic) quality attributes, while
user valuates only these attributes which are associated with
his observations of software and its surrounding from pers-
pective of his everyday use of software and his state of mind.

B. Expectations

In this section we shall recall important works of two
thinkers. Immanuel Kant in his theory of perception argued
that human beings adopt their a’priori concepts and know-
ledge perceiving their thoughts not real attributes of ob-
served reality [19]. David Hume analyzing where human
concepts come from observed that people tend to reject ob-
servations outstanding from other observations or their be-
liefs [47]. Both of above works are widely accepted in
modern psychology where thesis that human perception is
only interpretation of human mind is rather common [30].

Referring to buyer decision process, defined as psycho-



logical and cognition model such as motivation and need
reduction [11] one may see that before decision of buying
new software was made, customer recognized his need,
analyzed alternatives and made decision. This is first time
when some expectations have appeared — that new product
will satisfy customer recognized need (with implied needs),
and will still satisfy needs satisfied with old system (this
requirement is not often explicitly formulated). This attitudes
play role of priming processes [27] preparing a’priori con-
cepts as in Kant’s theory.

Before software product is seen by customer and users for
the first time it has already been evaluated and its quality was
assessed. This observation is obvious for brand managers
promoting physical goods but seems to be not applied in
software industry.

C. Software quality perception model

Models are intended to be reliable prediction of future
observations, repository of rules collated and integrated from
past research [39]. Software quality perception model pro-
posed in [20] is designed according to above idea taking into
account cognitive psychology, quality perception models for
other types of products and commonly accepted software
quality model SQuaRE.

Proposed model is omitting elements associated with
preference and choice making which may be seen in other
quality perception models, as an result on focusing on soft-
ware produce evaluation purposes. Software in most cases,
especially tailored software is fully evaluated after purchase
and implementation, so there are no decisions about pur-
chase to be made.

Software quality perception model is presented on fig. 2.
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Fig. 2, Software quality perception model

Product attributes (intrinsic attributes) and information
associated with product (extrinsic attributes) are at first fil-
tered by observer attention filter. From the mathematical
point of view filtering is application of certain function
(f(a,)) for original attribute. This function is a consequence
of observer mental state and knowledge (including past
experience with product or similar kinds of products) etc.
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Evaluation product quality employs establishment of per-
ceived attributes relevant for quality — observer chooses set
of attributes expressing quality seen through perception
filters. This process is also based on observer mental state
and his knowledge. We assume that observation (informa-
tion about perceived attribute value) augments user know-
ledge.

In next stage observer relates perceived quality related
attributes values through perspective of needs taking general
importance of need and subjective saturation of need as the
base. Overall quality gives feedback to observer knowledge
and his mental state.

x; variables (perceived value of attributes relevant for
quality) may be interpreted as direct measures assigned in
observation process (where observation is evaluation of
product or processing information associated with product)
or derived measures based on simple measures (for example
number of software errors and number of lines of code are
simple measures; number of software errors per number of
lines of codes is derived measure relevant for quality). This
concept is similar to Quality Measure Elements idea in
ISO/IEC 25021.

Another important issue is evaluation for somebody’s else
perspective. In this case observer relates needs saturation to
imaginary mental stated attributed to future users of the
product, but probably using only observer state of know-
ledge (compare theory of the mind [42]). Such observation
method tends to produce quality measures differing from
real users evaluation, because evaluators are prone to mis-
takes in setting up imaginary state of mind of future users
(e.g. cognitive bias called conjunction fallacy — tendency to
assume that specific conditions are more probable then
general ones), and using different knowledge base (user
having wider/narrower knowledge about product usage will
assign different set of weights).

Calculation of subjective quality value, or in other words
conversion to uni-dimensional quality measure, in most of
quality models is an addition operation of single measures
multiplied by attribute weight: ~ K(x,w) =¥, w; = (com-
pare [46]). This approach adopts assumption that each “unit”
of attribute value influences overall quality index with same
strength.

Quality perceived by human should be considered as la-
tent variable and in consequence one could employ Rash
polytomus model [4] designed to measure personal attitudes.
Irrespective to mathematical model involved we assume that
quality perception of single attribute value follows dimi-
nishing marginal value concept, attribute valuation are ad-
ditive so overall quality value is calculated as:

r S T = . .
Flrw, sl = Frlsnwe ol

Where Fi(s;,w;,x;) is monotonic function.

Similar to [46], perceived quality in above model differs
from the other approaches in that it regards quality neither as
absolute nor as objective.

Model may further extended with quality perception
change patterns (quality lifecycle patterns) — at this moment
we only assume that due to observer mental state and
knowledge change quality attributes perception changes over
time.



D. Affecting quality perception

If user quality is dependant not only from intrinsic product
attributes, then there are several methods to influence overall
quality perception. Such method are being used mainly for
repeatable products (COTS), although there is theoretical
possibility to use them in most of software projects.

We may affect quality value during evaluation and long
term operation but it is likely that different methods will
have different impact on those two values.

Example of positive impact on quality value during
evaluation is use of primacy effect presenting high quality
product first.

Perception affecting methods are known mainly in mar-
keting and psychology research. In this article we argue the
need for further research in area of affecting software quality
perception, since according to authors best knowledge, there
are no publicly available consideration on this subject.

IV. EVALUATION OF PERCEPTION MODEL

A. Software Quality Psychology

Modern experimental psychology, understood as discip-
line of psychological science has its origins in the late XIX™
century when Wilhelm Wundt founded first psychological
laboratory near Leipzig [9].

The goal of experiments in Software quality psychology is
to trace effect on quality perception from user and customer
perspective caused by events occurring in project what fol-
lows general goal of experiments (tracing cause-effect rela-
tions).

Evaluation of human oriented judgments require opera-
tional definitions, aiming to be valid and reliable, for making
sure that a term is interpreted equally by the researcher and
examined subjects. The most important definition in this area
is the definition of software quality: Software product qual-
ity is something which distinguishes software products in the
same category (based on Aristotle definition of quality).
Software quality splits to characteristics, sub-characteristics
according to SQuaRE model [23].

This definition cannot be used strictly for engineering
purposes, but since Software quality psychology is aiming to
measure user perceived quality, we assume that people have
ability to order object according to quality measure they
assign to objects.

One has to remember that perception issues Software
quality psychology is about to trace may be prone from
social context of users. For example we may expect group
thinking effects or regression to common valuation in de-
fined organizations [20]. Tracing perception of software
quality among such structures requires modeling real world
relations between participants, perceived objects and infor-
mative relations between them.

B. Experiment methodology

Designing experiment we want its results to be valid and
sound. Although it is difficult to estimate a’priori soundness
or application possibility of experiment results, it is possible
to estimate validity of experiment. Valid experiment results
may then be applied in practice, what will result in soundness
estimation.

R. Hofman, Software Quality Psychology, 2009

Typical formal procedure for psychological experiments
is an independent groups plan testing one or more indepen-
dent variables impact.

Examining events, information packages etc. during de-
livery project impacting software quality perception creates
natural need for longitudinal research what makes random
sampling very difficult. Also tested situations require much
attention to exclude confounding - alternative explanations
of observed effect [10] (for example if the project manager
of first project is a nice woman and in the second a rude man
then their attitude may impact perception of product quality
regardless of other differences). Design should also address
accidental exchange of information between independent
groups and possibility of Hawthorne effect [2].

From our perspective one of effective experiment methods
is to design special type of environment where experimenter
could decide of occurrence of certain facts. For example in
[20] there is a description of application in which experi-
menter is able to apply expected quality level (understood as
probability of fault).

According to Mook [34] if one is testing theory based on
psychological studies then external validity is not of key
importance [40]. If experimenter is then applying psycho-
logical discoveries and phenomenon to software quality
perception investigation, assuming that perception of soft-
ware quality relies on cognitive processes and follows cog-
nitive biases, then Mooks remarks about external quality
should draw attention to internal validity and effect size as
the most important part of experiment characteristics.

In summery we conclude that software delivery envi-
ronment is complex and hard to model for purposes of psy-
chological experiment. It is of key importance to design
experiment, including subjects, their relations, application,
project delivery issues, evaluation tasks, quality expression
method etc. as in real world in order to obtain results appli-
cable to certain project reality.

V. SUMMARY AND FURTHER RESEARCH

A. Conclusion

In this article we have presented our research in area of
psychological perception of software quality assuming per-
ception as highly subjective manner. Presented software
quality perception model requires more psychological re-
search to confirm its validity and strength and also useful-
ness in practical applications.

There exists several software development lifecycles,
methodologies, approaches and so on. Although most of
them concentrates on software production processes result-
ing in delivery of deliberate set of intrinsic product attributes
we may observe that technically exactly the same products
delivered with application of the same methodology may be
perceived differently by users. This is the area of interest of
Software quality psychology research.

Software quality psychology should not be interpreted as
replacement of good practices and engineering craft on
software development and delivery. It should be understood
as additional set of knowledge helping in projects to achieve
higher level of user satisfaction for the product.

Consequence of higher quality overall mark evaluated by



user is significant — probability of acceptance increases,
customer satisfaction increases and, in consequence, busi-
ness cooperation between vendor and customer grows.

B. Current research plan

Current research plans concentrate on evaluation of effect
size from particular independent variables. According to the
model itself, perception is affected by temporal mental state
On low level temporal mental state drags attention to certain
characteristics, on middle level it impacts observer motiva-
tion with visions of product usage and on upper level this
state affects subjective feeling about importance of observed
characteristic. Second affection source is the observer
knowledge impacting attention to characteristics which often
are important, giving input for associations between obser-
vations and typical consequences of certain behavior and
also influencing aware assignment of weights to certain
characteristics. Our current research aims to measure effect
of all above interrelations.

These interrelations are resulting from theoretical basics
of psychology and cognitive sciences, so it is almost obvious
that they exist. But what is important is measurement of their
potential impact on real situation. After first measures of
effect size were done we are planning to design and measure
reaction strength for specific strategy in IT project. These
research activities should result in setting up of a knowledge
base for best practice in managing customer perception of
software.
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