(el

Published By
'll » AsosiasiDoktor
\ﬁ‘ Sistem Informasi Indonesia

The Impact of Team Dynamics on Software Quality and

Productivity: Evidence From South Africa

Tshipuke Vhahangwele', Bassey Isong? Adnan Abu-Mahfouz?

"2Computer Science Department, North-West University, Mafikeng, South Africa

3Council For Industrial Scientific and Industrial Research, Pretoria, South Africa

Received:
December 6, 2025
Revised:

January 21, 2026
Accepted:
February 28, 2026
Published:

March 2, 2026

Corresponding Author:
Author Name™:
Tshipuke Vhahangwele

Email*:

tshipukevhahamgwele@gm

ail.com

DOI:

10.63158/journalisiv8il.1438

© 2026 Journal

Information Systems and
Informatics. This open-
access article is distributed

under a (CC-BY License)

Abstract. Software quality and productivity are influenced not only
by technical practices but also by the social dynamics within
development teams. This study investigates the combined effect of
team dynamics, including trust, communication, collaboration,
diversity, and conflict resolution, and software development
practices on project outcomes. A mixed-methods design combined
regression, Spearman’'s Rho, and thematic analysis of survey data
from 124 South African software professionals. The findings
indicate that trust is the strongest positive predictor of software
quality and productivity, while communication effectiveness and
the use of collaboration tools also improve software outcomes.
Equally, unstructured collaboration, excessive planning meetings,
and poorly managed communication channels negatively affect
performance. Diversity and effective conflict resolution were
positively associated with productivity and efficiency. Thematic
analysis corroborated these findings, illustrating how unclear
communication, low trust, and dysfunctional collaboration lead to
delays, rework, and lower quality. The study confirms that
successful software outcomes emerge from the alignment of social
and technical subsystems, highlighting the critical role of team
dynamics in realising the full potential of software development
practices. It contributes empirical evidence from an understudied
developing-country context and proposes a socio-technical

Fframework to enhance software quality and productivity.
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1 INTRODUCTION

Software development is integrally a socio-technical endeavour, where success depends
not only on technical proficiency but also on the interplay of human dynamics, team
structures, and development methodologies. Empirical research shows that while
individual skill is important, the collective ability of a team to collaborate and
communicate, underpinned by psychological safety (PS) and trust that enable open
dialogue, risk-taking, and learning, is a central determinant of project success [1], [2], [3].
The industry-wide shift towards Agile and DevOps has intensified Focus on human

factors.

Agile and DevOps emphasise iterative delivery, continuous feedback, and close
collaboration across roles, positioning teamwork, communication, and team culture as
critical drivers of software quality and productivity [4], [5]. Although these frameworks
provide structured processes, their effectiveness is dependent on how well teams
manage human-centric dynamics in practice. Communication, for example, demonstrates
a nuanced, inverted U-shaped relationship with productivity: insufficient interaction
hinders coordination, while excessive or poorly managed communication creates
overload and reduces performance [6], [7], [8]. As a result, modern leadership increasingly
adopts shared and facilitative approaches that empower team members while minimising

organisational disruption [9].

Team composition and structure strongly influence coordination, knowledge sharing, and
productivity. Agile teams, typically small and cross-functional, perform best when limited
to nine members or fewer. Studies confirm that smaller teams correlate with higher
productivity, fewer defects, and lower rework [10]; stability and reduced turnover further
improve velocity and predictability [1], [8]. In DevOps settings, collaboration intensity
between Development and Operations teams is a strong predictor of deployment
frequency, incident rates, and Ffailure occurrences, regardless of organisational
configuration [4]. Similarly, PS and trust are equally important. Teams that promote
environments where members feel safe to raise concerns, admit mistakes, and
collaborate openly achieve higher quality outputs [2]. A climate of interpersonal safety
supports constructive collaboration, while trust, rooted in perceptions of ability,

benevolence, and integrity, is particularly essential in distributed teams [2], [11], [12], [13].
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Building and sustaining trust relies on supportive contexts, facilitative leadership,

organisational backing, empathy, and socio-cultural strategies [2], and emotional
intelligence further strengthens trust, reduces stress, and enhances performance [13].
Effective coordination also depends on shared mental models, mutual trust, and
structured communication, though communication remains non-linear: too little hampers
coordination, while excessive or poorly managed interaction generates overload and

Friction [1], [6], [7], [8], [14].

Furthermore, development practices directly affect software outcomes. Practices such
as Test-Driven Development (TDD) and Testability-Driven Development (TsDD) improve
quality, engagement, defect reduction, and maintainability [15], [16], [17], while rapid
feedback loops, via DevOps integration or behavioral fFeedback, improve productivity and
quality [4], [16], [18], [19], [20]. Human-related Factors, including PS, team capabilities,
customer involvement, autonomy, emotional intelligence, and growth mindset, remain
central to project outcomes [8], [11], [12], [21], [22], [23]. Diversity, when supported by
inclusive practices, enhances creativity, decision-making, and innovation, though
geographic and cultural dispersion introduces challenges [24]. Teams must also balance
tensions between productivity and quality and between individual and collective needs,
where stability, clear roles, and coordinated distributed work remain important

determinants of performance [25].

Despite these insights, existing research has limitations. Many of the empirical studies
are geographically constrained, focusing on countries such as Portugal or Colombia, etc,
which restricts generalizability [3], [11]. Reliance on survey data centers on subjective
perceptions instead of objective measures, while cross-sectional designs limit causal
interpretation [11]. Furthermore, there is no consensus on defining and measuring
productivity and quality, which remain context-dependent. While software development
practices are central to success, they require cultural and organisational integration
within teams [23], [26]. Most studies examined team dynamics and practices separately,
leaving their interaction largely unexplored [7], [27], [28]. These studies, therefore,
establish the basis for a new survey in the South African setting, generating context-
specific data and enabling comparison with international findings. This is geared towards
advancing understanding of the factors shaping software team performance in South

Africa. To achieve this, we surveyed software development organisations aimed at
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understanding the combined influence of software team dynamics and practices on

software outcomes in South African software development ecosystems. The study
designed an online survey targeting critical organisations and professions after obtaining

ethical clearance.

The contributions of this paper are summarised as follows:

1) Provides empirical evidence on the interaction between team dynamics and
software development practices in the South African context.

2) Identifies which aspects of team dynamics most strongly influence software
quality and productivity.

3) Examines the role of socio-technical integration, combining human-centric
Factors with disciplined technical practices.

4) Generates context-specific data that allows comparison with international
studies, improving generalizability.

5) Proposes a framework, offering insights For improving team performance and

project outcomes within Agile and DevOps environments.

The remaining parts of the paper are organized as follows: Section 2 presents the related
works, Section 3 presents the research methodology followed, while Section 4 presents
the results and analysis of the findings. Section 5 discusses the overall findings and their
implications, Section 6 presents the threats to validity of the study, Section 7 presents

the proposed framework, and Section 8 concludes the paper.

2. RELATED WORKS

This section presents some of the existing empirical studies that highlighted the interplay
between team dynamics and development practices. It Focuses on aspects directly
relevant to understanding their influence on software outcomes, including PS and trust,
team structure and composition, communication and collaboration, methodologies and
engineering practices, and human-related success factors. Table 1 summarises these

studies.
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2.1. Psychological safety and trust

PS and interpersonal trust are foundational for team performance. PS is a shared belief
that the team is safe for interpersonal risk-taking, enabling members to voice concerns,
admit errors, and engage in collaborative problem-solving [3],[12]. Barros et al. [11] reported
that high PS supports quality-enhancing behaviours by allowing technical skills and
stakeholder interactions to flourish. On the other hand, trust, encompassing perceptions
of ability, benevolence, and integrity, is essential in both distributed and co-located teams
and is strengthened by supportive environments, facilitative leadership, organisational
backing, empathy, and emotional intelligence [2], [11], [13]. Studies have shown that PS
indirectly improves project success by enabling team capabilities and customer
involvement, while trust and emotional intelligence further improve productivity and
quality. Rezvani and Khosravi [13] added that emotional intelligence further reduces
stress and indirectly enhances productivity and quality. While most studies rely on self-
reported perceptions, the present study contributes by examining these fFactors within a

previously unstudied South African context.

2.2. Team structure and composition

Several studies have shown that team composition, size, and stability strongly influence
coordination, knowledge sharing, and productivity. For instance, Strode et al. [1] and
Bandaru [10] Found that Agile teams, typically small and cross-functional, perform best
with six to nine members, achieving higher productivity, fewer defects, and lower rework.
Moreover, DevOps structures that promote high collaboration between development and
operations teams outperform siloed models, with better on-deployment Ffrequency,
incident reduction, and service reliability [4], [5]. Moreover, Scott et al. [8] reported that
stability and low turnover further improve velocity and predictability. Lambiase et al. [24]
Further noted that geographical and cultural dispersion can influence productivity,

although in co-located teams these Factors are less critical.

2.3. Communication and collaboration dynamics

Communication frequency and structure critically shape team performance. Studies have
consistently shown that moderate interaction enhances coordination and knowledge
sharing, while excessive or poorly managed communication generates overload and
reduces productivity, reflecting an inverted U-shaped relationship [6], [7]. In the same

vein, Restrepo-Tamayo et al. [19] showed that leadership, communication, and teamwork
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interact to form positive feedback loops that improve productivity. Berrezueta-Guzman

et al. [29] also emphasised that accurate self-assessment, transparent communication,
and structured conflict resolution support effective collaboration, although their study
is limited to student projects. Strode et al. [1] also offered a framework integrating shared
leadership, peer Ffeedback, adaptability, and team orientation with trust and
communication as coordinating mechanisms, offering empirical grounding for agile team

dynamics, though the study does not directly measure software outcomes.

2.4. Methodologies and practices

Studies have also shown that disciplined development practices translate team potential
into measurable improvements in software quality and productivity. Lindsjgrn et al. [30]
stated that high-quality agile processes, measured as Teamwork Quality (TWQ), which
includes communication, coordination, mutual support, balanced contributions, effort,
and cohesion, positively impact team performance, learning, and satisfaction. Moreover,
practices such as TDD [15], [16] and TsDD [17] improve maintainability, reduce defects, and
enhance engagement, though overemphasis on passing tests may compromise overall
design quality. Also, whether via DevOps integration or behavioural Ffeedback

mechanisms, Further accelerate problem detection and resolution [18], [19], [20].

2.5. Human-related critical success Factors

Beyond structural and methodological aspects, factors such as PS, team capabilities,
customer involvement, team autonomy, emotional intelligence, and growth mindset are
central to team outcomes [2], [11], 12], [15], [31]. These factors enable teams to coordinate
effectively, adapt to change, and maintain performance under varying project conditions.
Alami et al. [12] also showed that PS is socially and human-centric, emphasising leadership,

collective decision-making, and openness as drivers of effective collaboration.

2.6. Diversity and cultural dispersion

Diversity improves innovation and decision-making when supported by inclusive
practices, though cultural and geographic dispersion introduces challenges related to
hierarchy perception, communication, and long-term orientation [24]. Effective
management of diverse teams requires shared norms, hybrid team cultures, and active

mitigation of time zone and cultural differences. These factors outline how team
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dynamics and collaboration influence software outcomes in distributed or culturally

varied contexts.

2.7.

Core tensions and trade-offs

Software development inherently involves trade-offs, particularly between quality and

productivity. Investments in quality may initially slow delivery but improve long-term

outcomes, whereas a focus on rapid throughput can increase technical debt. Sustaining

high performance requires balancing individual and collective contributions, clarifying

roles, and maintaining team stability [1], [25]. These trade-offs interact with team

dynamics and development practices, reinforcing the need for coordinated management

strategies to optimise both software quality and productivity.

Table 1. Summary of related empirical studies

Study/
Context/ Sample Methods Main Constructs Main Findings Focus Limitations
Year
Shared leadership, peer Team
Literature Identifies behavioural Limited to co-
Co-located agile Feedback, adaptability, dynamics:
review, focus markers linking agile located, non-
[11 2023 teams, single team orientation, mental indirect links to
groups, case practices to team safety-critical
product models, trust, productivity &
studies effectiveness teams
communication quality
Smaller teams (6)
Scrum teams in Empirical Team size, climate, performed best (90% on- Limited to one
Productivity,
[10] 2024  one enterprise observation, diversity, leadership, time, low rework); enterprise, small
quality
(n=22,12, 6) metrics, poll support communication issues in sample
larger teams
Capability & involvement Limited
Team capability,
Agile teams in Survey + PLS drive success; PS indirect ASD project generalisability
[11] 2024 customer involvement,
Portugal analysis via TC & CI; autonomy success (Portugal only),
PS, autonomy
moderates effects survey design
Dispersion affects
25 GitHub Statistical Cultural & geographical productivity Limited dataset,
[24]
communities, 140 modelling, dispersion, socio- (positive/negative); Productivity productivity proxy
2024
surveyed survey technical factors communication mitigates (commits)
risks
Individual productivity
Agile teams in NA Individual vs. team Small sample, self-
Daily surveys, predicts team productivity;
[311 2022 & Europe (25 devs, productivity, Productivity reported, COVID-
interviews remote work complicates
5 teams) collaboration, meetings 19 context
assessment
104 DevOps Survey + Team formation type, DevOps adoption improves  Lead time, Self-reported,
[4] 2025 professionals statistical collaboration, performance; high-collab deployment context variability,
worldwide analysis performance metrics teams outperform others frequency, cross-sectional
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Study/
Context/ Sample Methods Main Constructs Main Findings Focus Limitations
Year
recovery,
incidents
Leadership integrity, no-
Mixed methods: Leadership, decision- PS, Correlational, ASD
Agile teams blame, openness fosters
[12] 2023 survey + making, autonomy, communication, scope, construct
(N=365) PS; technical Factors
interviews openness, PS learning subjectivity
insufficient
Contribution alignment, Accurate self-assessment,
Limited to student
[29] Student software GitLab commits, leadership, structured conflict Academic
teams, self-
2024 projects survey communication, conflict resolution improve performance
reported bias
resolution performance
Comparative Automated Feedback
Student sample,
case study; JIRA Behavioural feedback improved Development
130 students, 15 Development self-reported data,
plugin (communication, Performance and
Scrum projects (7 performance, aggregated
[18] 2024 (ProDynamics); emotions, meetings, satisfaction; no significant
experimental, 8 team emotional data,
surveys; productivity); change in Team
control) performance unmeasured prior
correlation performance measures Performance; 77% of users
experience
analysis reported positive impact
Human factors form
Measurement
Software teams, Systematic reinforcing loops boosting
Communication, Productivity, validity issues,
[19] 2024  industry mapping + productivity & quality;
leadership, teamwork quality survey
professionals survey weak measurement
generalisability
practices.
Software quality is
dynamically linked with
Large Australian Entanglement of Software Single-
Ethnography, productivity,
software software quality, quality, organisation
participant infrastructure, and human
development productivity, time, developer study; findings
[25] 2021 observation, practice; investing in

company /
organisational

participants

interviews, rich

pictures

infrastructure, and
human practices (post-

human perspective)

quality enhances long-
term productivity;
mentoring and expertise

development are critical

productivity,
mentoring

effectiveness

may be context-
specific; limited

generalisability

As shown in Table 1, recent studies show the central influence of human and socio-

technical factors on agile software outcomes. Evidence indicates that PS, leadership

integrity, customer involvement, and collaboration are strong predictors of success, while

technical practices alone are insufficient [1], [11], [12], [19]. In the same vein, productivity

and quality also tend to improve when teams are small, cohesive, and supported by clear

communication structures [10], [24], [31]. Although much of the evidence is from industry

settings in Europe, North America, and selected enterprise contexts, studies involving

students show similar patterns, suggesting that these dynamics emerge early in team
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Formation [18], [29]. In nations such as South Africa, agile adoption is increasing but may

be constrained by organisational maturity, skills shortages, and infrastructure gaps. These
findings point to the value of strengthening collaborative capability, PS, and
measurement practices. The literature further indicates that local empirical work should
consider socio-cultural diversity, remote collaboration norms, and hybrid team structures,

which may moderate performance outcomes [24], [31].

3. RESEARCH METHODOLOGY

This section presents the approaches used in achieving the results presented in this

study. The workflow is shown in Figure 1 and discussed as follows.

Participants & Recruitments
124 valid responses
(62% response rate)

v
Materials
31 questions, including 5 open-ended Organized into 5
thematic sections:
(Demographics, Team Dynamics, Development Practices,
Sofiware Outcomes (quality & productivity), Open-ended

r@)_o‘nses

¥
Procedure
Online Survey
—_— Ethical Clearance

6 weeks administration

.
I
I

—I
I
I
I
I Project Efficiency
[ [Dependent Variables]
I
| Team Dynamics Development
| [Predictor] Practices
I
-
I
I
I
J—

Reliability and Validity
[Cronbach’s alpha:
® Team Dynamics Scale = 0.723 T T

e Productivity-Quality Index = 0.768

Data Analysis
e Multiple Linear Regression (MLR)
e Spearman’s Rank Correlation (p) —_——

e Multiple Linear Regression (M LR)
I_ - Ethical Oversight o Spearmat_l s Rank.Con-elatwn (p)
e Anonymity Cop liant

l Confidentialit

[Predictor]
Demographics
Predictor

———

Figure 1. Methodology workflow

3.1. Participants and recruitment

The survey targeted software development professionals working in South Africa, chosen
because their work involves structured team interactions and software practices relevant
to examining the influence of team dynamics and development methodologies on

software outcomes. Participants were recruited through multiple channels: LinkedIn
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professional networks, online developer communities, and targeted emails to industry

professionals. To avoid overrepresentation, invitations were randomised across
subgroups. A total of 124 valid responses were received from the anticipated 200, yielding
a 62% response rate. Participants included software developers, project managers,
analysts, and designers, with experience ranging from less than five years to over ten
years. Organisations represented varied from small teams within large corporations to
independent software development companies, allowing a wide range of experiences to

be captured.

3.2. Materials

Firstly, a literature review of related studies [1]-[10] informed the survey design, helping
identify relevant constructs and formats while avoiding potential biases. The survey
comprised 26 main questions and 5 sub-questions, organized into five sections:
demographics (gender, role, experience, organization type), team dynamics
(communication, trust, leadership, conflict resolution), software development practices
(methodologies, collaboration tools, technical debt management), software outcomes
(perceptions of software quality, productivity, and project success), and open-ended
responses for contextual insights. A combination of Likert scales, multiple-choice, and
open-ended items captured both measurable constructs and qualitative insights. The

survey was piloted and evaluated by experts to ensure clarity and relevance.

3.3. Procedure

Following ethics clearance from the North-West University (NWU) Research Ethics
Committee, the self-administered online survey was hosted on Google Forms. Invitations
were distributed across diverse subgroups representing various roles, experience levels,
and organisational settings. Participation was voluntary, and an introductory message
explained the study's purpose, confidentiality, and anonymity. No personal identifiers
were collected. The survey remained open for approximately six weeks, and respondents

typically completed it within 15-20 minutes.

3.4. Reliability and Vvalidity
The survey's internal consistency was assessed using Cronbach’s alpha. The team
dynamics effectiveness scale, comprising fFour items: communication effectiveness, trust,

diversity, and conflict resolution, achieved an alpha of 0.723. A two-item magnitude index
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measuring the impact of team dynamics on productivity and quality produced an alpha

of 0.768 with an inter-item correlation of 0.623. These results confirm sufficient reliability

for subsequent statistical analyses.

3.5. Data preparation and analysis

In this study, to ensure precision and consistency, the collected data were coded and
cleaned. In this case, categorical variables were transformed into dummy variables to
enable their inclusion in regression-based analyses, ordinal variables were appropriately
scaled to preserve their ranked nature while allowing meaningful statistical comparison,
and missing data were handled using listwise deletion to retain only complete cases. In
addition, to analyse the data collected, multiple methods were used, including multiple
linear regression (MLR), Spearman’s Rank Correlation, etc. The MLR statistical method
was used to examine how team dynamics and development practices impact software
outcomes. The dependent variable was Project Efficiency, and independent variables
included demographic Factors (gender, role, experience, organisational size), team
attributes (trust, communication, conflict resolution, leadership style, team size), and
development practices (methodology, quality and productivity metrics, collaboration
patterns, technical debt management). The regression model is expressed as shown in

Equation 1.

PROJEFF = a + B1X1 + B2X2 + -+ BkXk + ¢ ()

Where PROJEFFis the project efficiency score, X1 ... Xk represent the predictor variables,

PB1...Bk are the estimated coefficients, a is the intercept, and € is the error term.

The Spearman’s Rank Correlation uses Spearman’s Rho to assess linear relationships
among variables, accommodating mixed data types (categorical and ordinal). It was
calculated as shown in Equation 1.
6%, d?
p=1-m 2)
Where p = Spearman’s rank correlation coefficient, d;= difference between the two ranks

of each observation, and n number of observations.
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In addition, qualitative data were gathered through open-ended questions included in the

survey. ATLASLtI was used to Facilitate the organisation of data and the synthesis of
findings. The initial step was the generation of the word clouds that offered a
visualisation of the most common codes and hence, the identification of notable
concepts among the respondents. These codes served as the basis for identifying themes
relevant to the study. The second step involved conducting a thematic analysis in ATLAS.ti
to systematically examine and develop themes, following the approach described by
Braun and Clarke. This analysis helped identify recurring patterns related to team
dynamics, development practices, and their influence on software quality and
productivity. The qualitative insights were then cross-validated with the quantitative

results to strengthen and enrich the interpretation of the findings.

3.6. Ethical considerations

Before this study commenced, ethics approval was obtained from the NWU Research
Ethics Committee. To this end, participation was voluntary, responses were anonymous,
and confidentiality was maintained in accordance with the Protection of Personal

InFormation Act (POPIA).

4. RESULTS AND DISCUSSION

In this study, we combined quantitative analyses, including statistical inference,
regression, and correlation, with qualitative thematic analysis to investigate the
relationships between team dynamics, software development practices, and software
outcomes. The results are presented in five sections: descriptive participant datsa,
institutional characteristics, empirical team and practice Factors, quantitative analyses,

and qualitative insights.

4.1. Occupational roles

Figure 2 (a) shows that most respondents were male, about 64%, with fFemales making up
34%, while 2% preferred not to disclose gender. Figure 2 (b), which shows the current
roles of the respondents, shows that software developers formed the majority,
representing over 60% of the sample. Notably, several respondents held overlapping

roles, For instance, project managers who also identified as engineers or business
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analysts. This overlap highlights the multifunctional nature of software work and reflects

the complexity of team structures in practice.

Gender Distribution of Respondents Current Job Roles of Respondents

Prefer Not to Say

Other ™

Scrum master . %

Dev Ops Engineer a%

UXI Designer . L

Tester/QA b

Business Analyst . 3%

Project Manager L

0 10 20 30 40 50 60 0
Percentage (%)

Female

Figure 2. (a) Gender distribution, (b) Distribution of respondents by current job roles

4.2, Wwork Experience

Most participants had between one and six years of professional experience. As shown
in Fig. 3, specifically, 39% reported fewer than three years, while slightly over 20% had
between three and six years. A minority reported less than one year or more than ten
years of experience. These results suggest a predominance of early- to mid-career
professionals in the sample, offering insights into perspectives from those actively
shaping current industry practices. The inclusion of both novice and more seasoned

practitioners strengthens the credibility and transferability of the findings.

Work Experience in Software Development

40 39
3
30
2
<
5
§ 25 25
é 20
(-]
X 15
E 15 14
=]
=
10 9
s
0 Less than 1 year 1-3 years 4-6 years 7-10 years More than 10 years

Figure 3. Distribution of years of experience
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4.3. Institutional Factors

As shown in Figure 4, nearly half of the respondents worked in large organisations with
more than 500 employees. However, within these organisations, teams were relatively
small: 38% consisted of 6-10 members, while 27% worked in teams of 1-5. This indicates
that software development often occurs in compact, cross-functional groups embedded
within large institutions. Such a structure underscores the importance of studying how
smaller team dynamics contribute to productivity and quality, even in resource-rich

environments.

Size of the Organization Team Size in Projects

More than 500 Employees 6 More than 20 members 3

201-500 Employees

11-20 members

51-200 Employees

6-10 members 38

11-50 Employees

1-10 Employees 1-5 members

0 10 20 30 40 0 5 10 15 20 25 30 35
Number of Respondents Number of Respondents

Figure 4. Distribution by team and organisational Size

4.4. Empirical Factors

4.4.1. Principal leadership style and teamwork

Figure 5 (a) revealed that 55% of developers worked under democratic leadership, which
tends to promote participation and shared decision-making. In contrast, 27% reported
authoritarian leadership, while smaller groups experienced laissez-faire approaches
characterised by independence and autonomy. Figure 5 (b) also showed that teamwork
arrangements reflected similar diversity: 58% operated in hybrid Formats, 23% worked
Fully remotely, and 19% were entirely on-site. These patterns highlight the central role of

leadership and work arrangements in shaping collaboration and project execution.
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Principal Style of Leadership Primary Means of Teamwork
Other

Laissez Fare Fully in Person
Authoritative
Hybrid
Fully Remote
Democratic

Figure 5. (3) Leadership style, (b) Teamwork style

4.4.2. Frequency of communication and address of technical debt

As shown in Figure 6, daily communication was common, reported by 60% of respondents,
while 25% communicated several times per week. In addition, planning meetings were
also viewed as essential For coordination: 34% attended daily, 32% weekly, and 23% bi-
weekly, whereas only 12% participated monthly or less. This indicates that frequent
communication and structured planning remain integral to managing software projects.
However, communication was also tied to addressing technical debt, where
inconsistencies in information flow influenced how quickly and effectively issues were

resolved.

C ication Fr y Planning Meetings

61

Several Time a Week

Weekly Bi-weekly
Occasionally

2 Monthly

Rarely f§ 1

0 10 20 30 40 50 60 0 5 10 15 20 25 30 35
Number of Respondents Number of Respondents

Figure 6. Communication frequency and meeting planning
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4.4.3. Communication channels and challenges

Like other international counterparts, our analysis revealed that communication is critical
to team performance [24], [31]. Figure 7 shows that Microsoft Teams was the most
frequently used communication tool with 40%, followed by Slack (32%) and Zoom (26%).
Email use was minimal, about 2%, indicating its limited utility for real-time coordination.
Despite the availability of tools, several challenges persisted: lack of time (43%) and lack
of clarity (37%) were the most significant barriers, Followed by language and cultural
issues (15%), time zone differences (3%), and unclear roles (2%). Such challenges illustrate

the strain between technical measures and human communication practices.

Distribution of Communication Challenges in Software Teams Preferred Communication Tools
Emails
40 1
35
g 30
g 254
£
g 20
4
& 151
10
54
04
e o .ot & o
. & e \?’a«@ ‘&e‘a\‘— 5
S o (@ & e
\o \»(, \O)\\,\) 10“9,
o <

Communication Challenges

Microsoft Teams

Figure 7. Communication channels and challenges distribution

4.4.4. Effectiveness of team dynamics aspects and software development practices

As shown in Figure 8, software quality and productivity were reported as being strongly
influenced by project management methodology, trust, conflict resolution, and the
diversity of skills, backgrounds, and problem-solving approaches within teams. In
contrast, challenges related to collaboration hindrances were not found to have a
definitive impact on productivity or software quality. Certain aspects of team dynamics
appeared to exert only limited or negligible effects on these outcomes. These findings
suggest that, while team dynamics and development practices play a critical role,
additional factors beyond these dimensions also contribute to variations in software

quality and productivity.
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4.4.5. Software development methods and collaboration

Figure 9 shows that, in the realm of software development in South Africa, Agile
methodologies dominate with 70%, reflecting their prominence in modern development.
Smaller proportions reported using Waterfall, DevOps, or hybrid methods. Moreover,
collaboration practices were diverse: 31% used collaboration mainly for brainstorming,
13% for knowledge sharing, 177% for code reviews, 12% Ffor pair programming, 9% for
debugging and stand-ups, and 10% reported no collaboration. These findings reveal a

varied but pragmatic approach to collaboration, often tailored to specific project needs.
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Figure 9. Development methodologies and practices
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4.4.6. Collaboration and technical debt

Software development in South Africa is gaining momentum in the same way as
developed nations are growing. The analysis revealed that software development tools
Trello (32%) and Jira (31%) were the most widely used collaboration tools, followed by
Confluence (20%), while Miro and GitHub accounted for only 2% each. Likewise, 10% of
respondents reported not using any collaboration tools. In terms of technical debt, more
than 40% addressed it occasionally, 27% regularly, and 20% rarely, with Fewer than 10%
never addressing it. This variability shows that while tools support structured
collaboration, the extent to which teams systematically address technical debt remains

inconsistent.

Collaboration Tools Used by Teams Frequency of Addressing Technical Debt

Miro

Regularly

GitHub/GitLab

Occasionally
Confluence

0 5 10 15 20 25 30 o0 10 20 30 40
Number of Respondents Number of Respondents

Figure 10. Collaborations and technical depth

4.5. Qualitative and quantitative analysis

The quantitative analysis based on the MLR, as shown as presented in Table 2, revealed
that trust among team members was the most influential Factor in determining software
quality and productivity. Teams with higher levels of trust consistently achieved better
outcomes, underscoring the importance of PS and mutual reliability. Communication
effectiveness and the use of collaboration tools also contributed positively to project
performance, while unstructured or excessive collaboration and overly frequent planning
meetings were associated with reduced efficiency. These findings highlight that the
quality and structure of interactions within a team matter more than the mere frequency
or volume of collaborative activities. In the same vein, Spearman’s Rho correlation further

reinforced these insights, showing that team diversity strengthened conflict resolution,
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productivity, and overall efficiency. Effective conflict management and coordinated

collaboration emerged as key enablers of successful software outcomes. Conversely,
poorly structured communication, collaboration challenges, and inappropriate
methodology choices were linked to lower performance. Qualitative findings supported
this pattern, with participants describing delays, rework, and reduced quality arising from
unclear communication, low trust, and dysfunctional collaboration. Together, these
results demonstrate that software outcomes depend not only on technical practices but

also on the social and relational dynamics of the team.

Table 2. MLR results

i Unstandardized Standardized
Regression Model Parameters

Coefficients CoefFicients

t Sig.
Model Variable B Std. Error Beta
Description

20 (Constant) 1704 .510 3.340 .001
Xi JOBR Current Job Roles .039 .027 104 1447 .015
X2 ORGSZ Size of Organisation .050 .043 .085 1160 .025
X3 COMCH Communication Channels -188 .082 -177 -2.295 .024
Xa COMEFF Communication Effectiveness 175 .083 162 2120 .036
Xs TMTRST Team members' Level of trust 376 .085 362 4407 .000

Collaboration in Software
Xe coLLB -1.218 315 -426 -3.871 .000
Development

X7 COTOOL Collaboration tools 180 .074 227 2431 .017
Xs  PLNMTG Meetings Planning =131 .055 -173 -2.390 .019
X9 TMCOLB Collaboration Rating 145 .053 325 2733 .007

a. Dependent Variable: The effectiveness of project management methodology in delivering software outcomes.

Source: Data Analysis, 2025

The qualitative findings reflected these quantitative patterns. As shown in Table 3,
communication challenges, reported by over half the respondents, included unclear
requirements, poor information flow, and role misalignment, often resulting in delays and
rework. Low trust led to disengagement, reluctance to raise concerns, and duplicated
effort, underscoring the importance of PS. Dysfunctional collaboration, such as siloed
work and unilateral decision-making, further hindered team cohesion and output quality.
Together, these results demonstrate that software outcomes depend not only on
technical practices but critically on team dynamics, particularly trust, communication

effectiveness, and well-structured collaboration.
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Table 3. Summary of qualitative analysis

Aspect

Quotes

Quantitative Findings

Communication

“Communication was not clear
during the project phase, resulting
in delayed delivery and rework.
“Team requirements

communication from business

analysts was inadequate,
impacting the Final product.
“Updating the code without
notifying everyone impacted

version control and caused bugs.”

Negative correlation between
communication frequency and
software quality (p = -0.258, p <
0.01). Negative correlation between
communication challenges and
productivity (p = —0.329, p < 0.01).
Positive correlation between
communication effectiveness and
project efficiency (p = 0.388, p <
0.01).

Trust

“A development team's lack of
trust and communication led to
inefficiencies, as no one Ffelt safe

enough to raise blockers or

"o

concerns.’ “People felt hesitant to

speak up due to fear of criticism,

which delayed important
decisions.” “Trust issues led to
redundant testing as team

members doubted each other's

work.”

Strong positive correlation between
trust and project efficiency (p =
0493, p < 001). Trust was the
strongest positive predictor (B =

0.376, B = 0.362, p < 0.001).

Collaboration

“In one project, we were

developing a web-based system,
but struggled because everyone
worked in silos." “Taking decisions
alone without involving others
severely impacted the cohesion of

our solution.” “Collaboration was
poor; no brainstorming sessions
were conducted, and decisions

were rushed individually.

Collaboration was negatively
associated with outcomes (B = -
1.218, B = —0.426, p < 0.001). Positive
correlation between collaboration
hindrances and reduced software
quality/productivity (p = 0.322, p <

0.01).
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4.6. Discussion

The descriptive findings outlined the demographic and organisational profile of
participants. Most were software developers (62.1%), predominantly male (64%), working
in small teams of fewer than ten members despite being part of larger organisations.
This reflects patterns in the South African software industry, where women account for
less than 24% of the workforce, and aligns with the JCSE-IITPSA [32] survey showing
developer shortages. Agile methodologies dominated (70%), consistent with global shifts
toward adaptive approaches. Although Microsoft Teams, Slack, and Zoom supported
interaction, challenges such as lack of time (43%) and clarity (37%) indicate that tool
availability does not guarantee communication quality. Similar issues were reported by
Ruvimova et al. [31], who Found that meetings and collaboration dynamics variably affect

productivity.

The regression results showed trust (B = 0.376, 3 = 0.362, p < 0.007) as the strongest
predictor of software outcomes, supporting Strode et al. [1] and Alami et al. [12] on the
centrality of trust in agile teams. Communication effectiveness (B = 0.175, p = 0.036)
enhanced outcomes, while multiple communication channels (B = -0.188, p = 0.024)
reduced them, echoing Restrepo-Tamayo et al. [19] on the importance of structured
interaction. Unexpectedly, collaboration was negatively associated with outcomes (B = -
1.218, p < 0.001), suggesting coordination overhead when poorly managed. This contrasts
with Korkmaz and Aydin [4], who linked high collaboration to better performance,
highlighting that outcomes depend on workflow clarity. Collaboration tools (B = 0180, p
= 0.017) improved results, supporting Berrezueta-Guzman et al. [29] on the role of tool
integration. Planning meetings (B = -0.131, p = 0.019) also reduced outcomes, consistent

with Ruvimova et al. [31]. Correlations strengthened these findings. Diversity correlated

positively with conflict resolution (p = 0.499), productivity (p = 0.240), and efficiency (p

0.327). Conflict resolution correlated with productivity (p = 0.276) and efficiency (p
0.336), consistent with Berrezueta-Guzman et al. [29]. Trust correlated strongly with
efficiency (p = 0.493), and communication effectiveness (p = 0.388) supported Barros et
al. 1] on the role of PS. By contrast, communication frequency (p = -0.258) and
methodology choice (p = —0.293) were negatively related to quality, reflecting the risks
of fragmented communication and misaligned practices, as also noted by Ruvimova et al.

[31] and Bandaru [10].
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patterns. Communication issues were linked to unclear requirements and fragmented

information Flows, supporting Restrepo-Tamayo et al. [19). Trust issues reflected
disengagement and reluctance to share knowledge, aligning with Strode et al. [1] and
Alami et al. [12]. Ineffective collaboration was described as siloed work and unilateral
decisions, supporting the regression finding of negative effects and echoing practices

identified by Kortum et al. [18].
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Figure 11. Team dynamics and productivity relationships

Table 4. Comparison with existing studies

Study/ Limitations /
Setting / Sample Methods Main Constructs Main Findings Focus
Year Contribution
Shared leadership, Identifies Team
Literature
peer feedback, behavioural dynamics:
Co-located agile review, Limited to co-located,
adaptability, team markers linking indirect
[11 2023 teams, single focus non-safety-critical
orientation, mental agile practices links to
product groups, case teams
models, trust, to team productivity
studies
communication effectiveness & quality
Team size, climate, Smaller teams Limited to one
[10] Scrum teams in Observation, Productivity,
diversity, leadership, more effective; enterprise; small
2024 one enterprise metrics, poll quality

support

communication

sample
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issues in larger

teams
Capability &
Team capability, involvement
Limited
Agile teams in Survey + customer drive success; ASD project
[11] 2024 generalisability;
Portugal PLS analysis involvement, PS, autonomy success
survey-based
autonomy moderates
effects
Dispersion
Cultural &
25 GitHub Statistical affects
[24] geographical Limited dataset;
communities modelling, productivity; Productivity
2024 dispersion, socio- productivity proxy
(n=140) survey communication
technical Factors
mitigates risks
Individual
productivity
Individual vs. team
Agile teams in Daily predicts team
productivity, Small sample; self-
[31] 2022 NA & Europe (25 surveys, productivity; Productivity
collaboration, reported
devs, 5 teams) interviews remote work
meetings
complicates
assessment
Team formation High-collab
104 DevOps Survey + Lead time,
type, collaboration, DevOps teams Self-reported; cross-
[4] 2025 professionals statistical deployment,
performance outperform sectional
worldwide analysis recovery
metrics others
Human factors
reinforce
Software teams, Communication,
Mapping + productivity & Productivity, = Measurement validity
[19] 2024 industry leadership,
survey quality; weak quality issues
professionals teamwork
measurement
practices
Trust strongest
predictor;
communication
Team dynamics Combines quantitative
effectiveness
(trust, and qualitative
positive;
communication, evidence, confirming
excessive
Survey + leadership, conflict trust, safety, and
South African platforms,
This regression + resolution), communication
software unstructured Productivity,
Study correlation software quality as enablers
professionals collaboration, quality
(2025) + qualitative development while revealing
(n=124) frequent
analysis practices negative effects of
meetings
(methodology, over-collaboration
negative;

tools),

demographics

diversity and
conflict
resolution

positive

and misapplied

methods
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Figure 11 illustrates these relationships, while Table 4 situates them within prior studies.

Trust consistently emerged as the strongest enabler, alongside communication
effectiveness and diversity, while excessive collaboration, uncoordinated tools, and
poorly structured meetings acted as barriers [1], [4], [10], [11], [19], [24], [31]. Demographic
fFactors moderated outcomes, and leadership style and methodology choice showed
context-dependent effects. These findings extend prior research by demonstrating that
technical processes and social dynamics are interdependent. Trust, PS, communication
effectiveness, diversity, and conflict resolution were enablers, while excessive
communication, unstructured collaboration, and misapplied methodologies undermined
outcomes. Sustained improvement in software productivity and quality requires

optimising both dimensions together.

4.6.1. Validity Threats

In this study, several potential validity threats may affect interpretation. The sample,
though diverse in roles and organisational settings, was limited to South African software
professionals and may not fully represent other regions or industries, which could
restrict its external validity. Practices like self-reported survey responses could introduce
possible social desirability and recall biases, particularly regarding communication
practices, trust levels, and collaboration behaviours. Thus, the cross-sectional design
prevents causal inferences, since the observed relationships represent associations at a
single point in time. Measurement validity could also be affected by using Likert scales
and constructed indices for complex constructs such as team dynamics and software
outcomes, despite expert review and pilot testing. Additionally, while qualitative data
added contextual depth, interpretation may be influenced by the researcher's
subjectivity, even though systematic coding was applied to mitigate bias. However,
despite these limitations, the study was conducted carefully, and no limitation

undermines the validity of the Findings.

4.6.2. Proposed Framework

This section presents the proposed conceptual Socio-Technical Best Practices

Framework (ST-BPF), which integrates team dynamics (social subsystem) and software

development practices (technical subsystem) to improve software quality and
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productivity. Grounded in Socio-Technical Systems (STS) theory [32], the Framework

guides teams and organisations by translating empirical insights into a structured model
that emphasises the alignment of social and technical dimensions for joint optimisation.
The ST-BPF comprises Four progressive layers: Input, Subsystems (Social and Technical),

Interaction, and Output.

INPUT LAYER

Characteristics

3

SOCIAL SUBSYSTEM TECHNICAL SUBSYSTEM

Team and Organizational }

Trust
Communication
Collaboration
Diversity

Conflict Resolution

v v

INTERACTION LAYER

Methodology
Tools

Meetings Planning
Metrics

.
.
.
.

[ Joint Optimization J

v

OUTPUT LAYER

Software Quality,
Productivity

Figure 12. ST-BPF Framework

1) Input

This layer establishes Foundational conditions that influence both social and technical
aspects of software development. Important Factors include team, organisational culture,
leadership structure, and project complexity. These elements shape the environment in
which teams operate, defining constraints and opportunities that affect the application

of social and technical measures without directly determining outcomes.

2)  Social subsystem
This layer captures human and relational factors central to team effectiveness: trust,
communication, collaboration, diversity, and conflict resolution.

a) Trust refers to mutual reliability and PS.

b) Communication involves clarity, timeliness, and bidirectional information Flow.
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c) Collaboration entails cooperative effort, shared responsibility, and knowledge

exchange.

d) Diversity reflects the variety of perspectives and skills that enhance creativity
and problem-solving.

e) Conflict resolution addresses disagreements constructively, reducing disruption

and sustaining cohesion.

3)  Technical subsystem
The Technical Subsystem represents the structured processes and tools that enable
development activities, including methodologies, tools, planning meetings, and
performance metrics.
a) Methodologies indicate the overarching development approach and its
adaptability to team and project needs.
b) Tools are technological enablers supporting development, collaboration, and
delivery.
¢) Planning meetings provides formal coordination and alignment opportunities.
d) Metrics serve as indicators to monitor progress, quality, and productivity.
The bi-directional relationship between the Social and Technical Subsystems, illustrated
in Figure 12, highlights their interdependence: changes in one subsystem influence the

other, reinforcing the need for alignment.

4) Interaction

This layer operationalises the principle of joint optimisation, actively managing the
alignment between social and technical Factors. This ensures that processes and tools
meet the needs while team dynamics support effective technical practice. Achieving this
alignment requires continuous reflection and adjustment in response to outcomes and

project settings.

5)  Output
The layer defines the ultimate objectives of the framework: software quality and
productivity.

a) Software quality includes dimensions such as reliability, maintainability, defect

density, and user satisfaction.
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b) Productivity refers to the efficiency and effectiveness of delivering working

software on time, within budget, and with optimal resource use.
Both outcomes are shaped by the interaction of the subsystems. Cohesive teams with
strong trust and collaboration can identify and resolve issues early, improving quality,
while well-designed processes and tools reduce waste and accelerate delivery. Moreover,
optimal results arise when both subsystems are strong and jointly optimised; weaknesses

in one undermine the other and compromise outcomes.

6)  Practical application

The proposed ST-BPF serves as a diagnostic and improvement tool. Teams experiencing
quality or productivity challenges can trace potential causes across both subsystems,
identifying misalignments such as unclear communication channels or inadequate
defect-tracking tools. This dual perspective supports integrated interventions, combining
technical improvements with social initiatives. The framework is intentionally adaptable,
allowing teams to tailor methodologies, tools, or practices to their context while

maintaining alignment between social and technical efforts.

Table 5. Framework applicability

Step Objective Main Activities

Identify team size, culture,

1. Assess Contextual Define boundary conditions
leadership, and project
Inputs For analysis.

complexity.

Identify strengths and Assess trust, communication,
2. Evaluate Social and
weaknesses in each collaboration, methodology Fit,

Technical Subsystems

subsystem.

and tool usage.

3. Diagnose
Misalignments in the

Interaction Layer

Analyse the interface
between subsystems to

uncover misalignments.

Compare social and technical
findings to identify

mismatches.

4. Implement
Integrated

Improvements

Apply joint optimisation

interventions.

Pair technical adjustments

with social initiatives.
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5. CONCLUSION

This paper presented a study on how team dynamics and software development practices
interact to influence software quality and productivity. An empirical investigation was
conducted through an online survey of software development professionals in South
Africa. The results show that software outcomes are significantly influenced by the
alignment of social and technical Factors. Particularly, quantitative analyses revealed that
trust and effective communication consistently enhanced productivity and efficiency,
while excessive or poorly structured collaboration and communication channels
introduced coordination overhead and fragmentation. Thematic analysis strengthened
these findings, indicating that unclear requirements, low trust, and dysfunctional
collaboration directly hinder software delivery. These results confirm that software
development success arises not solely from technical practices but from the interaction
between social and technical subsystems. The most critical aspects of team dynamics
identified were trust, communication, diversity, and conflict resolution. Trust emerged as
the strongest positive predictor of efficiency and quality, while effective communication
improved coordination and shortened delivery cycles. Diversity of skills and backgrounds
supported conflict resolution and productivity, whereas unstructured collaboration and
unresolved conflicts were associated with reduced performance. These Ffindings
demonstrate that constructive team interactions are essential for maximising the
benefits of software development practices. Based on these empirical insights, the study
developed a conceptual ST-BPF combining important social and technical fFactors into a

model to improve software quality and productivity.

This study has some limitations. The sampling was limited to software professionals in
South Africa, which may affect generalizability to other cultural or organisational
settings. In addition, reliance on self-reported survey data introduces the possibility of
response bias. Also, the proposed ST-BPF has not been validated to assess its
effectiveness in the software development ecosystems. Future research could focus on
longitudinal studies to track how team dynamics and practices evolve over project
phases, particularly in the context of Al integration, and conduct comparative studies
across different organisational and cultural settings to enhance generalizability.
Additionally, the ST-BPF will be validated in a real-world software development setting

to evaluate its strengths and limitations in supporting productivity and software quality.
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In general, effective software development requires managing human dynamics with the

same thoroughness and intentionality as technological components.
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