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Abstract

Software product quality is a multidimensional concept that depends directly on the software
development process, the competencies and skills of software engineers, and the knowledge of
product quality assurance. Assessing the quality of software products is challenging due to the
complexity of systems, the different expectations of stakeholders, and perceptions of quality
characteristics in the development process. Furthermore, the perception of quality is inherently
subjective and varies significantly between different stakeholder groups involved in the
software lifecycle. Developers, testers, project managers, end users, and clients often have
distinct views on which quality characteristics are most critical, shaped by their roles,
experiences, interactions with the system, and individual backgrounds. This research
investigates the influence of social and individual factors on the perceptions of software
engineers about the quality characteristics of software products using ISO/IEC 25010:2023. The
findings reveal that social factors are crucial in shaping perceptions of software product quality
characteristics. Understanding these influences can help software teams enhance development
processes, improve product quality assurance, and effectively achieve customer satisfaction.

Keywords: social factors, software product quality, ISO/IEC 25010:2023 standard.

1. Introduction

Software quality is critical for successful software engineering, directly impacting the long-
term reliability, maintainability, and end-user satisfaction of a software product (SP) [3], [7],
[13]. The ISO/IEC 25010:2023 standard establishes a comprehensive model for the quality of
SP, defining nine core characteristics: functional suitability, performance efficiency,
compatibility, interaction capability, reliability, security, maintainability, flexibility, and safety.
Each of these quality characteristics addresses distinct aspects related to how effectively a SP
fulfils functional and non-functional requirements and meets user expectations. Understanding
the factors that influence these quality characteristics is essential, as it allows effective control
and optimization of the relevant environmental parameters of the collaboration, thus improving
the overall quality of the software achievement [11], [22]. However, achieving these quality
characteristics is not determined solely by technical components or technological decisions.
Increasing research emphasises the importance of human aspects, organisational contexts, and
team dynamics to ensure the quality of SP [10], [13], [23]. The research explores how individual
and social factors influence the perceptions of Lithuanian software engineers (SEs) of the
quality characteristics of software defined by the ISO/IEC 25010:2023 standard. For this
purpose, a survey-based investigation of Lithuanian software development companies was
conducted in 2024 spring, which allows one to identify what kind of factors influence
perceptions of software quality characteristics.

This research contributes to a more integrated and holistic view of software product quality
(SPQ) by quantifying the influence of individual and social determinants on specific ISO/IEC
25010 product quality characteristics. The result highlights the importance of software
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engineers fully understanding these product quality dimensions, enhancing their ability to fulfil
customer requirements while ensuring the alignment of established quality standards.

The remainder of this research paper is structured as follows. Section 2 provides an
overview of the related work. Section 3 presents a research approach to identify and analyse
the social factors that influence the perceptions of internal stakeholders about the quality of SP
using the ISO/IEC 25010 standard. Section 4 presents the results and a discussion. Finally,
Section 5 concludes the article.

2. Related Work

The software development process depends on people who work individually and together to
achieve the main goal and present the expected result, which satisfies external stakeholders.
According to this observation, [5] suggested the estimation of software cost, highlighting that
software process productivity is critically dependent on human and social factors. According
to [4], the results of empirical research imply that individual skills of software developers and
teamwork the effectiveness of team working significantly affect the quality of the SP. Research
has increasingly recognised that SPQ emerges not only from technological competencies and
various factors. Investigation shows that project managers of information systems and their
understanding of the characteristics of SPs depend on individual and organisational factors, and
technical factors are the least affected [14]. The authors of [10] continue this research with a
comparative survey study in Brazil, examining the perceptions of various types of stakeholders
in the software development cycle. Their analysis of 24 quality-influencing factors revealed
that the most influential group of factors had an individual, comprising factors such as
stakeholders' competence, domain knowledge, etc. The organization factors were investigated
by researchers [1], who analysed software development teams and observed that certain team
dynamics and characteristics correlated with product quality outcomes; for example,
collaborative team climate and effective communication can bolster qualities like reliability and
maintainability in the SP.

These studies indicate that investing in people (skills, knowledge, participation) and
supportive processes can impact perceived quality characterics. Specific team and process
factors have also been linked to software quality in empirical research.
From the analysis of related work, we strengthened our hypothesis that individual,
organisational, and social actors contribute to the perceived quality of an SP. These insights
provide a foundation for our analysis, empirically examining how these factors relate to 1SO
25010 quality characteristics in practice.

3. Research Background
3.1. Software Product Quality Evaluation Context

The SPQ evaluation can apply software quality assessment models, such as McCall, FURPS,
Boehm models [12], [15], [25] or the standard ISO/IEC 9126 [19] and its successor ISO/IEC
25010 [18]. ISO/IEC 25010 is an ICT (Information and Communication Technology)-based
development designed to replace ISO 9126 [19] as a software quality measurement method.
Issued by the International Organization for Standardisation (ISO) and the International
Electrotechnical Commission (IEC), ISO/IEC 25010 is an internationally standardized quality
measurement model that provides descriptions and requirements of measurement techniques to
evaluate software quality. The ISO/IEC 25010 standard outlines the SPQ model into nine
quality characteristics along with their sub-characteristics. The ISO/IEC 25010:2023 standard
provides a comprehensive framework for evaluating the quality of SP. This model comprises
nine characteristics that are affected by various processes in the software development lifecycle
and require various skills of software engineers [18]. Researchers in software engineering have
emphasised the need to consider software quality from a variety of different points of view [6],
[19]. In other words, it is necessary to ensure that the quality of the delivered SP is acceptable
to all the stakeholders upon whom the success of the product depends. Software engineers
focused on a single goal: developing an SP, often working together, integrating their knowledge
and activities through communication [6], [26]. The complexities of software development
processes are closely related to the technological and organisational aspects of software
development processes.
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On the basis of observations from related work, we assume that the quality of SPs can be
achieved only by considering all aspects, including the individual and social aspects of software
engineering. Research shows that more than half of the time of stakeholders was spent
interacting with each other: participating in meetings to stay informed of decisions or
challenges in the development of SPs [16], [27]. Our suggested research context is presented in
Figure 1, which explains that we analyse two groups of factors (individual and social) that can
influence software engineers' (SEs) perceptions of the quality characteristics of SP.
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Fig. 1. Context of the research on perceptions of individual and social factors influencing SPQ.

Regarding the context of the research (see Fig. 1), the main research question, "How do
individual and social factors influence the perception of quality characteristics of software
products?" raises the further research questions (RQs):

RQ1. How do experience and acquired skills influence the perception of the quality
characteristics of SP?

RQ2. How do teamwork and close communication influence software perception?

RQ3. How do software engineers assess the influence of external stakeholders' engagement
on the quality of the final SP?

This allows us to clarify the main dependencies between the perception of SPQ
characteristics and individual and social factors characteristic of software engineers.

3.2. Research Methodology

The inclusion of Lithuanian companies in the survey was determined by the profile of the
services they provide, in this case, the development of software, information systems, and
software systems. Employees with at least 2 years of experience in software engineering
processes attended the survey. The survey was designed around the ISO/IEC 25010:2023 SPQ
model. Each respondent was asked to rate a series of three social factors in terms of how
strongly each factor affects a given product quality characteristic in the software development
process. For each quality characteristic (e.g., reliability or security), respondents gave a rating
on this Likert scale: “very low”, “low”, “moderate”, “high”, and “very high” for each of the
social factors. Repeating this for all product quality attributes, the survey captures a detailed
view of perceived factor—quality relationships. The collected data set consists of 70 complete
responses after data cleaning. The respondents have various software engineer roles, including
developers, testers, system architects, Ul designers, business analysts, team leads, and product
owners, and ranged from 2 to 19 years of experience in the software industry. Many participants
selected several roles because in their own software engineer career, they had various
responsibilities and gathered experiences in different roles. The diversity of roles provides an
opportunity to examine whether perceptions differ between, say, developers and testers or
between more experienced vs. less experienced software engineers.
The principal schema of the research performed is presented in Figure 2.
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Fig. 2. Principal scheme of the research of perceptions of individual and social factors influencing SPQ (SPQ — 4

software product quality, SP — software product).
As can be seen in Figure 2, the research process consists of the following steps:

1. Survey preparation. A survey is the most appropriate method to conduct the study when
many respondents need to be surveyed without using many resources. [10], [23]. In addition,
this method makes it easy to collect and process the data later. In this research, the survey was
prepared using the SE profile! and designed around the ISO/IEC 25010:2023 SPQ model [5].

la. Design questions of individual properties. The SEs profile was used to gather the
professional properties (skills and experience) of software professionals engaged in the
development of SPs. The skills were determined by responsibilities and roles in the
software development process according to the skills needed for the IT job. Experience
was measured by years of software development and divided into 4 categories: 2-5 years,
6-10 years, 11-15 years, and more than 16 years.

1b. Design questionary for SPQ perception. According to the ISO/IEC 25010:2023 SPQ
model, covering nine characteristics: functional suitability (FS), performance efficiency
(PE), compatibility (C), interaction capability (IC), reliability (R), security (Sec),
maintainability (M), flexibility (F), and safety (S). The questionary was prepared and
represented as a matrix, where columns were the impact level of the Likert scale, and the
rows presented individual and social factors that influence the SPQ. To ensure an identical
understanding, the survey presented the definitions of the characteristics of the SP of the
standard SP. This ensures that all respondents interpret the characteristics in the same way.

2. Data gathering. The profile data of the SEs and the characteristic data of the SPQ were
collected by interviewing software engineers from companies involved in the software
development process.

2a. Gather SEs profile data. The SEs profile!, used for survey preparation, is used to
gather the skills of software engineers engaged in SP development. The respondents have
various software engineers' skills and roles, including developers, testers, system
architects, Ul designers, business analysts, team leads, and product owners, and range
from 2 to 20 years of experience in software development companies. Many respondents
selected several skills because in their careers as software engineers, they had various
responsibilities and gained experience in different roles. The diversity of skills provides
an opportunity to examine whether perceptions differ between, say, developers and
testers or between more experienced vs. less experienced software engineers.

2b. Gather SPQ characteristics data. Each respondent was asked to rate a series of
three social factors in terms of how strongly each factor affects a given product quality
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characteristic in the software development process. For each quality characteristic
(reliability or security), the respondents gave a rating on this Likert scale: “very low”,
“low”, “moderate”, “high” and “very high” for each of the social factors. Repetition of
this for all product quality characteristics, and formatted relationships between perceived
SPQ with explored factors.
3. Control data. The obtained survey data should be evaluated for data validity by calculating
Spearman and Pearson correlation coefficients and data reliability by evaluating Cronbach's
alpha, Freis's Kappa, and Intraclass correlation coefficient (ICC).
3.1. Evaluate the validity of the data. The results obtained from the surveys were
analysed using Pearson’s (Eq. 1) [8] and Spearman’s (Eq. 2) [2] correlation
coefficients, which measure linear and non-linear relationships, respectively.

Pearson _— i, (xi—%) (=) (1)

TCxy ,
\/Z?=1(xi_f)2 fZ?zl(yi—?)Z

where n is the sample size, x; and y; are compared i-th variables, x and y are the
sample means of the two samples, respectively.

Spear _—_ 62d2

preT =1 -y )
where d is the difference between the two ranks, which defines the position or order
of the value of a variable relative to other values within a dataset, and n is the total
number of observations.
3.2. Evaluate the reliability of the data. These data reliability and reliability methods
were chosen because they can assess the Likert scale [20] data, compare the responses
of more than two respondents, and allow them to confidently assess the reliability of
the data according to three different metrics.
Cronbach's alpha or a is commonly used to examine the internal consistency or
reliability of summated rating scales (Eq. 3), [9], [17].

N 59%_2?’:1 512’1‘
N-1 82 !

(3)

where N is the number of survey items in the scale, §2 is the variance of the observed
total scores /2T o represents the variance of the total sum of all points (the variance of
whole test), 531- represent the variance of item i for persony.

Fleiss Kappa. A common method of determining interrater reliability of the inter-
terrater between more than two raters, where the ratings agencies categorised the
subjects are categorized by the raters into exactly one of the available categories (Eq.
4), [21], [24].

a =

__ Py—P
k= 1-pP,’ (4)
where P,is the observed agreement, the proportion of times that the raters agree on a
given classification, P, is the expected agreement, the proportion of times the raters
would be expected to agree by chance.
Intraclass correlation coefficient (ICC). This method is used to quantify the
proportion of the total variance in the measurements that can be attributed to differences
between subjects or items of interest, relative to the total variance (Eg. 5) [28].
MSp—MSy (5)
MSB+(k—1)MSW+w’

ICCcoef =

where MSy and MSiare mean squares between subjects and rates respectively, MSy, is
mean square within targets (residual or error), k is the number of raters, and n is the
number of subjects.
4. Data balancing. In this work, it is assumed that the greater the total experience of the
respondent in the SP development process, the more important the expert’s opinion. Therefore,
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weight coefficients of 0 to 1 were introduced, assigned taking into account the respondent's
experience in years as follows (4a-4d): for the respondent with 2-5 years of experience, the
weight is 0.25; for the respondent with 6-10 years of experience, the weight is 0.5; for the
respondent with 11-15 years of experience, the weight is 0.75; for the respondent with >15
years of experience, the weight is 1. In this way, it is possible to assess the general perception
of the impact of factors influencing the quality of SPs and to pay more attention to the responses
of respondents with more experience.
5. Analyse the impact of SPs on the characteristics of SPQs. In this step, the impact of SPs
on the characteristics of the SPQ was analysed by deep analysis of the correlations between the
responses, SE profile analysis, and finally results of the RQ analysis.
5.a. Analyse the correlations between SE responses. Correlations, calculated in Sub-
Step 3.1. For evaluation of the data validity, responses between respondents, such as
analyst, tester, database architect, etc., were analysed. (Table 1 and Table 2).
5.b. Analyse SEs profiles. According to achieved data from reviews, the distribution
of respondents (see Fig. 3), software engineering roles' interrelationships and skill
relations (see Fig. 4), individual software engineering skills combined into multi-
skillsets (middle) (see Fig. 5) were analysed.
5.c. Analyse the results of the RQs. According to 5.a and 5.b., the results of RQs,
defined in Section 3, were analysed (see Section 4).

4. Results
4.1. The Validity and Reliability of Research

To ensure the robustness of the survey and the consistency of collected responses, the reliability
and validity of the data were assessed using multiple statistical indicators: Cronbach Alpha,
Fleiss Kappa, Intraclass Correlation Coefficient (ICC), Spearman Rank Correlation Coefficient
(Spearman) and Pearson’s Correlation Coefficient (Pearson) These measures were calculated
for both participants' reported skills (see Table 1) and their experience (see Table 2).

Table 1. Data reliability and validity of software engineers' skills.

Skills Cronbach's Alpha Fleiss Kappa ICC Spearman Pearson
Analyst 0.941 0.13 0.369 0.66 0.98
Developer 0.903 0.19 0.438 0.73 0.68
Tester 0.740 0.191 0.46 0.47 0.68
System Architect 0.815 0.23 0.503 0.61 0.99
Database Architect 0.859 0.13 0.363 0.64 0.97

Ul Designer 0.973 0.03 0.184 0.46 0.85
Team Lead 0.907 0.09 0.328 0.60 0.96
Product Owner 0.819 0.111 0.368 0.49 0.97
Average 0.870 0.142 0.377 0.56 0.886

Table 2. Data reliability and validity of the software engineers' experience by years.

Experience in years Cronbach's Alpha Fleiss Kappa ICC Spearman Pearson
2-5 0.901 0.777 0.18 0.45 0.65
6-10 0.906 0.767 0.41 0.60 0.73
11-15 0.939 0.699 0.545 0.69 0.78
>15 0.884 0.779 0.322 0.62 0.91
Average 0.910 0.756 0.364 0.59 0.77

It is important to note that the survey measurement instruments and analyses of this study
were validated for reliability. The questionnaire items corresponding to the perceived
influences of the factors demonstrated excellent internal consistency. Cronbach's Alpha values
for the skills and experience groups are high across the board, indicating excellent internal
consistency. Specifically, all individual skill roles reported alpha values above the conventional
0.70 threshold for acceptable reliability, with an average value of 0.870. In particular, software
engineers with Ul designers and analysts’ skills produced the highest alpha values (0.973 and
0.941, respectively), suggesting that respondents with these skills provided particularly
consistent responses. This indicates that the respondents consistently answered the sets of
related questions, suggesting that the constructs were well defined and understood.

Furthermore, to evaluate the agreement between the members, Fleiss' Kappa was calculated
and yielded lower overall values, with an average of 0.142 for skills and 0.756 for experience.
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Although these values are lower than those for Cronbach’s Alpha, the difference can be
attributed to the distinct nature of the metrics: Fleiss Kappa assesses agreement beyond chance
across multiple raters, which is inherently more stringent, particularly with ordinal data like
Likert scale responses. The higher average Fleiss Kappa for experience suggests that
participants with similar experience levels tend to agree more closely in their responses
compared to those grouped by skill category. Similarly, values were obtained when an
intraclass correlation coefficient (ICC) average of 0.377 for skills and 0.364 for experience was
calculated. These moderate values indicate a fair degree of consistency among respondents
within the same category, but also highlight variability in how software engineers with similar
roles or experience levels may perceive software quality influences. The highest ICC value is
observed among those with 11-15 years of experience (0.545). These reliability indicators give
confidence that the data are sound and that any patterns are not artefacts of measurement error
or subjective bias.

Spearman and Pearson correlation values consistently demonstrated positive values,
suggesting a direct association between the profiles of the respondents (skills or experience)
and their responses. The Spearman correlation average is 0.56 for skills and 0.59 for experience,
and Pearson correlations are even stronger on average: 0.886 for skills and 0.77 for experience.
These correlation results indicate that the SEs with multi-skills or bigger experiences in
systematically similar ways asses social factors' impact on SPQ characteristics perceptions.

4.2. Influence of Engineer Profiles on Perceptions of SPQ

The survey received 70 complete responses from software engineers from Lithuanian software
development companies, which included a wide range of experience and skills. In this research,
their profiles are characterised by years of experience and skills gained during the software
development process. Knowing your experience as a software engineer is essential because it
can influence how you perceive product quality characteristics, teamwork, decision-making,
and development processes. Most of the participants are experienced practitioners: The largest
group reported 11-15 years of experience (30 respondents, ~43%), followed by those with 6—
10 years (16 respondents, ~23%). Fewer respondents fell into the lower experience bracket (2
to 5 years: 11 respondents) or had more than 15 years (13 respondents). The respondent's
sample is predominantly moderate to more experienced software engineers, with relatively few
junior SEs. According to the imbalance between groups, weights were applied for groups (see
Fig. 2, Step 4), which kept the balance of the results.
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Tester
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System architect
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9

Fig. 3. Representation of the interrelationships and skill relations of the software engineering skills.

The second individual factor that significantly influences the perceived quality of a product
is the skills collected through experience in software development processes. The 70
respondents provided a list of skills they have acquired during their software engineering
careers (see Fig. 3). The circular chord diagram visually represents the interrelationships and
skills relations of the software engineering roles. Each segment around the circle corresponds
to arole (e.g., Developer, Tester, Analyst), and the chords connecting these segments indicate
the presence and strength of shared skills between roles. The thickness of each chord reflects
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the degree of overlap, while the number in parentheses next to each role denotes the number of
individuals associated with that role.

The circular chord diagram (see Fig. 3) confirms that the developer, tester and system
architect skills and performed tasks tend to have strong relationships. On the other hand, the
skills related to understanding user experience and product development management, such as
a Ul designer and a product owner, are more distinct and could perform the tasks more
individually. The structure emphasises the interdisciplinary nature of SE while also indicating
the centrality of developer competencies throughout the software development lifecycle.

For a deeper analysis of how relational skills to each other are illustrated, the Sankey
diagram is used, where individual software engineering skills (left side) are combined into
multi-skillsets (middle) and how those combinations further integrate into even more complex,
multifaceted skill sets (right side). The widths of the flows represent the number of individuals
possessing each combination of skills. The colours denote specific skill groupings, with
consistent colouring across the same combinations in different diagram parts.

Dev +SA+T(3)
Dev + T (8) o
T(6) [
A+Dev+T(1)
Dev+TL+T (1)
A+T+UID (1) B2
_ Dev + PO (1)
-_ -
Dev (12) A+T(2) A+Dev+TL(1)
| |Dev+T+UID (1) _—
A+ Dev+UID (2)
A+Dev(2) [ DbA+Dev +SA (1)
) DbA +Dev + SA +TL (1)
Dev +UID (1) [ Dev+SA+TL (1) —
i
Af4) = S Y BB T Dy +.UID (1)
DbA + Dev (1} DbA + Dev + T+ UID (1)
- 011 DbA + Dev + PO (1)
L (1) 7 - - PO+TL(1)
Dev#TL (1) I A+DbASA{2)
| DbA+SA+T(1) A+DbA+SA+T (1)
sA (1) A+SA(1) DbA + Dev + PO +TL (1)

Fig. 4. Dependency of software engineers' skills (T — tester, Dev — developer, A — analyst, TL — team lead, DbA —
database architect, SA — system architect, PO — product owner, UID — Ul designer).

In the Sankey diagram (see Fig. 4), we can analyse how multi-skills competencies
accumulate, e.g., it begins with a single skill, such as developer, tester, or analyst and moves
through combinations of two or more skills, such as developer + tester, analyst + developer, to
more complex experiences involving three or more skills, such as database architect +
developer + system architect.

4.3. Results of Research Questions

The first research question (RQ1) affected their perceptions of the SPQ characteristics that are
critical to the quality of the final SP and are presented in Table 3. In the Table, the cells present
the averages of Likert scale responses of respondents, grouped by experience, to the selected
impact on SPQ characteristics. The green marker cells indicate very high and high impact, red,
very low influence social factors on the perceptions of SPQ characteristics, without colour, low
or moderate influence (see Table 3). We compared the responses of less experienced software
engineers (for example, 2 to 5 years) with those of highly experienced ones (>15 years). The
less experienced SEs recognised that quality is multifaceted and that the majority of skilled
engineers still valued long-term quality characteristics such as maintainability and performance
efficiency, which were influenced by social factors. For example, respondents with more than
15 years of experience were more likely to rate team communication and collaboration as
having a very high impact on various quality characteristics. In contrast, some of the least
experienced respondents were a bit more cautious, often rating the impact of the same factor as
moderate or high (but not “very high™). This observation suggests that experienced SEs can

better understand the critical role of team dynamics and social context.
Table 3. Influences of social factors on the perceptions of SPQ characteristics.
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architect [>15 29| 30| 19| 26| 30| 30[ 27 26 20 20 24| 14| 19| 24| 21| 23| 21| 20| 29| 17| 23| 37| 14 20 17| 27| 14
Team [2-5 20| 20| 20 20| 20 10| 20 30| 20 20| 20 20| 30 20] 10| 20 20| 10 20| 20 20| 30 10| 10| 20| 20| 20
Lead 6-10 35| 15| 15| 15[ 15[ 25/ 05| 30 25| 15| 10| 10| 10| 05| 05[ 05/ 30f 05| 40 00| 10 20| 05| 05] 00f 25 1,0
11-15 30( 20 20/ 20| 15| 10/ 20| 25| 15| 05| 10| 05| 10| 10| 00 00f 15/ 05/ 40f 00| 10 30/ 00| 05/ 00| 10/ 20
>15 28| 25| 18] 18| 23| 27| 23| 32| 18| 20| 23| 1,7 15| 20 1,7 20 28 13| 33| 12| 22| 35| 17| 20| 15| 28| 18
Product [2-5 20| 20| 20| 20| 20| 10| 20 30| 20 20| 20 20| 30 20] 10| 20 20| 10 20| 20 20| 30 10| 10 20| 20| 20
owner |6-10 35/ 05| 20/ 20| 10/ 30] 10| 35| 35| 25| 00| 05| 20| 10| 20f 05/ 30f 15/ 40/ 00| 15/ 10| 05] 15| 05| 25| 05
11-15 30 10| 15| 30| 30| 15| 25| 35| 30| 25| 15| 10| 15| 20 10f 25f 25/ 20 40/ 10/ 20| 40| 05| 05| 10| 25| 15
>15 25| 30| 18| 23| 30| 28 20f 25[ 20 20 23| 18 20| 23| 18| 23| 28| 15| 35| 13| 15| 40 15[ 18] 15[ 25 20
Analyst |2-5 40| 30| 40| 30| 40f 40/ 40/ 40| 40| 30/ 30| 00| 30[ 20f 20f 10f 40( 20/ 30 20| 40| 30/ 30{ 20{ 30[ 30 40
6-10 31| 21| 2,71 26| 20{ 29 21| 33| 27| 21| 09| 13| 14| 13| 14 13| 23| 13| 36| 07 13| 27| 10| 16| 10[ 21| 11
11-15 30 26| 28] 26| 27| 24| 20| 32| 27| 24| 18] 19| 18| 19| 14| 21| 24| 13| 38 12| 21| 37 12| 10| 13| 27| 16
>15 30 33| 25| 30| 38| 35| 30| 30| 33| 23| 30| 18| 18| 23| 23| 25/ 28/ 23| 25/ 13| 23] 40| 10] 13| 18| 30| 15
System [6-10 30| 15| 35] 35 20| 30| 25| 35| 30 30| 10 15| 30 20] 30| 15| 30| 25| 35 10 25| 30 25/ 30 20| 25 20
architect [11-15 33| 31| 26| 30| 30| 30] 33| 31| 28| 28| 18 1,7 20| 20| 10/ 20f 29| 13| 36| 07 1,7] 38| 06| 09| 08| 27| 17
>15 30 30f 20] 26| 30| 30/ 30] 30| 28| 20| 28| 16| 20| 26| 26 26[ 22| 22| 32| 16| 26 36| 12| 20| 18 28 20

The influences of engagement of external stakeholders in the software development process
on perceptions of functional suitability, interaction capability, performance efficiency, and
security (RQ2) are demonstrated in Figure 5. The X-axis categorises SEs by skills and their
experience, and the Y-axis indicates the average Likert scale rating for each SPQ characteristic.
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Fig. 5. The influences of external stakeholders (client side) in the software development process on perceptions of
functional suitability, interaction capability, performance efficiency, and security.

Figure 5 highlights the importance of the participation of external stakeholders in the
software development process, which could affect the perception of SPQ. Functional suitability
(blue line) demonstrates that functional suitability consistently influences the engagement of
external stakeholders, independent of SE's skills and their experience (particularly for team
leads, product owners, and analysts, all peaking close to the maximum score of 4.0). Similarities
can be observed in that the SPQ characteristic interaction capability (orange line) shows
remarkable consistency in high engagement across most SEs, especially Ul designers, product
owners, and team leads. Meanwhile, the engagement of security characteristics (yellow line)
shows considerable variance between SEs and their experience. As observed, database and
system architects with more than 15 years of experience assign the highest levels of
involvement, consistent with their responsibility for data integrity and secure system design.

The analysis of Figure 5 indicates that the participation of software engineers in quality
characteristics varies significantly between SE's skills and their experience. SPQ characteristics
such as functional suitability and perception of interaction capability perception for software
engineers strongly impact the engagement of external stakeholders in development processes.
On the contrary, performance efficiency and security remain more specific, requiring targeted
expertise and experience for effective implementation. These findings suggest the need for
managed and motivated cross-software engineers' collaboration and consistently increase the
software engineers' SPQ perceptions and impact on the final SP.
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The other four ISO/IEC 25010:2023 SPQ characteristics: maintenance, flexibility,
reliability, and performance efficiency, are fundamental characteristics that determine the
reliable operation of the SP (see Fig. 6). For this reason, it was deeply analysed as perceived by
software engineers with various skills and experience, depending on Communication between
Software Engineers (RQ3). The X-axis categorises respondents by both skills (for example,
developer, tester, user interface designer, etc.) and experience by category (2-5 years, 6-10
years, 11-15 years, and >15 years). At the same time, the Y-axis indicates the average Likert
scale rating for each SPQ characteristic.
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Fig. 6. Influences of communication between software engineers on perceptions of maintainability, flexibility,
reliability, and performance efficiency.

Figure 6 shows perceptions of the quality characteristics of SP that are mediated by skills
and experience. SEs with more expertise and competencies (particularly testers with 11-15
years of experience and analysts with more than 15 years of experience) consistently emphasise
maintainability (blue line) and performance efficiency (yellow line), and their dependence on
communication between software engineers in the team. Meanwhile, reliability (grey line) is
moderately emphasised across SEs, with engagement levels clustering around the 2.5 to 3.5
range. In contrast, SEs oriented to end-user interaction, such as Ul designers, prioritise
flexibility (orange line) and its impact on teamwork. The dependency on performance
efficiency of effective teamwork is the most widely rated quality characteristic. It suggests that
teams and managers should focus more on highlighting an appropriate understanding of SPQ.

5. Conclusions

This study explored how individual and social factors shape the perceptions of software
engineers of the quality characteristics of SP according to the ISO/IEC 25010:2023 standard.
Our research results strengthen other researchers' conclusions that social and organisational
factors impacted the SP development process and allowed us to conclude how different
perceptions of SPQ characteristics depend on software engineers' experiences and multi-skills
acquired during their careers. Research results demonstrate that, with various experiences and
acquired skills, software engineers agree that certain social factors — notably effective team
collaboration and external and internal stakeholder communication — are crucial in many SPQ
characteristics (from maintainability and reliability to functional suitability and interaction
capability). In our research, we include individual and social factors, which are revealed in the
collaboration of software engineers in the SP development process, because other studies have
indicated their importance. But we did not characterise the SE's coworking team characteristics
as a possible factor, such as the size of the team, the stability of the team, and leadership model
applied. Our results of the study can help leaders/responsible persons of SPD teams to
strengthen weak points in the software development processes, i.e. initiate social activities
(communication and pair working) among team members, multi-skills promoting the
acquisition of related skills, and ensure monitoring of implementation of the SPQ
characteristics.

Future research could integrate this perceptual information of quality with SE productivity,
or analytics data of the software development process could offer predictive models for SPQ
outcomes based on software engineers' profiles and teamwork patterns.



1ISD2025 BELGRADE, SERBIA

References

1.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.
20.

21,

22,

23.

24,

Acufia, S. T., Gémez, M., Juristo, N.: How do personality, team processes and task characteristics
relate to job satisfaction and software quality?. Information and Software Technology, 51(3),
627-639, (2009)

Ali Abd Al-Hameed, K.: Spearman's correlation coefficient in statistical analysis. International
Journal of Nonlinear Analysis and Applications, 13(1), 3249-3255, (2022)

Bano, M., Zowghi, D., da Rimini, F.: User satisfaction and system success: an empirical
exploration of user involvement in software development. Empirical Software Engineering,
22(5), 2339-2372, (2017)

Beaver, J.M., Schiavone, G.A.: The effects of development team skill on software product
quality. ACM SIGSOFT Softw. Eng. Notes. 31, 3, 1-5 (2006)

Boehm, B. W., Abts, C., Brown, A. W., Chulani, S., Clark, B. K., Horowitz, E., Madachy, R.,
Reifer, D., Steece, B.: Software cost estimation with COCOMO II. Prentice Hall Press. (2009)
Boehm, B.W., Jain, A.: An initial theory of value-based software engineering. Value-Based
Softw. Eng. 15-37, (2006)

Butt, S. A., Melisa, A. C., Misra, S.: Software product maintenance: A case study. In
International Conference on Computer Information Systems and Industrial Management (pp. 81-
92). Cham: Springer International Publishing, (2022)

Cleff, T.: Exploratory data analysis in business and economics. Exploratory Data Analysis in
Business and Economics. https://doi. org/10.1007/978-3-319-01517-0, (2014)

Cronbach, L.J.: Coefficient alpha and the internal structure of tests. Psychometrika. 16, 3, 297—
334 (1951)

Curcio, K., Malucelli, A., Reinehr, S., Paludo, M. A.; An analysis of the factors determining
software product quality: A comparative study. Computer Standards & Interfaces, 48, 10-18
(2016)

Gasca-Hurtado, G.P., Machuca-Villegas, L.: Gamification strategy to promote social and human
factors in the training of software engineers: A case study. Comput. Appl. Eng. Educ. 32, 6,
€22785 (2024)

Gillies, A. Software Quality: Theory and Management - Alan Gillies - Google Boeken

Gorla, N., Somers, T. M., Wong, B.: Organizational impact of system quality, information
quality, and service quality. The journal of strategic information systems, 19(3), 207-228, (2010)
Gorla, N., Lin, S.C.: Determinants of software quality: A survey of information systems project
managers. Information and Software Technology, 52(6), 602-610, (2010)

Grady, R. B.: Practical software metrics for project management and process improvement.
Prentice-Hall, Inc (1992).

Gross, T., Stary, C., Totter, A.: User-centered awareness in computer-supported cooperative
work-systems: Structured embedding of findings from social sciences. International Journal of
Human-Computer Interaction, 18(3), 323-360. (2005)

Heo, M., Kim, N., Faith, M. S.: Statistical power as a function of Cronbach alpha of instrument
questionnaire items. BMC medical research methodology, 15(1), 86. (2015)

ISO/IEC 25010:2023 (2023) Systems and software engineering - Systems and software Quality
Requirements and Evaluation (SQuaRE) - Product quality model,
https://www.iso.org/standard/78176.html. Accessed April 21, 2025.

ISO/IEC 9126-1:2001 Software Engineering—Product Quality—Part 1: Quality model.
Mazurek, J., Rico, C. P., Garcia, C. F., Magnot, J. P., Magnot, T.: The 5-item Likert Scale and
percentage scale correspondence with implications for the use of models with (fuzzy) linguistic
variables. Revista de Métodos Cuantitativos para la Economia y la Empresa, 31, 3-16, (2015).
Landis, J.R., Koch, G.G.: The Measurement of Observer Agreement for Categorical Data.
Biometrics. 33, 1, 159 (1977)

Machuca-Villegas, L., Hurtado, G. G., Puente, S. M., Tamayo, L. M. R.: An Instrument for
Measuring Perception about Social and Human Factors that Influence Software Development
Productivity. J. Univers. Comput. Sci., 27(2), 111-134, (2021)

Machuca-Villegas, L., Gasca-Hurtado, G. P., Puente, S. M., Tamayo, L. M. R.: Perceptions of
the human and social factors that influence the productivity of software development teams in
Colombia: A statistical analysis. Journal of systems and software, 192, 111408, (2022)

Martin Andrés, A., Alvarez Hernandez, M.: Estimators of various kappa coefficients based on
the unbiased estimator of the expected index of agreements. Adv. Data Anal. Classif. 19, 1,



SLOTKIENE & MILIAUSKAITE AN EMPIRICAL STUDY IN LITHUANIA...

25.

26.

27.

28.

177-207 (2024)

MccCall, J. A., Richards, P. K., Walters, G. F.: Factors in software quality. volume i. concepts
and definitions of software quality (No. RADCTR77369VOL1), (1977)

Omoronyia, I., Ferguson, J., Roper, M., Wood, M.: Using developer activity data to enhance
awareness during collaborative software development. Computer Supported Cooperative Work
(CSCW), 18(5), 509. (2009)

Storey, M. A., Cheng, L. T., Bull, I., Rigby, P.: Shared waypoints and social tagging to support
collaboration in software development. In Proceedings of the 2006 20th anniversary conference
on Computer supported cooperative work (pp. 195-198), (2006)

Trabelsi, K., Saif, Z., Driller, M. W., Vitiello, M. V., Jahrami, H.: Evaluating the reliability of
the athlete sleep behavior questionnaire (ASBQ): a meta-analysis of Cronbach’s alpha and
intraclass correlation coefficient. BMC Sports Science, Medicine and Rehabilitation, 16(1), 1,
(2024)



