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Abstract

Accurately estimating time and cost in software projects remains a persistent
challenge that significantly influences project success. Despite the availability of
various estimation models and techniques, many projects still face delays and
budget overruns due to factors such as ambiguous requirements, tool limitations,
and organizational complexity. This study aims to explore and analyze the key
challenges software practitioners encounter in the estimation process. Adopting a
qualitative research design, data were collected through semi-structured interviews,
focus groups, and document analysis involving experienced software professionals
from diverse development environments. Thematic analysis, supported by coding
techniques using NVivo, revealed five major themes: requirement ambiguity,
limitations in estimation tools, human bias and experience, agile and iterative
complexity, and organizational and external influences. These findings highlight
that estimation difficulties are multidimensional and deeply rooted in both
technical and socio-organizational factors. The study contributes to the
understanding of how these challenges interact and offers insights for improving
estimation practices through adaptive models and enhanced stakeholder
engagement.

INTRODUCTION
Background and Motivation
Accurate estimation of time and cost is a
fundamental component of successful software
project management. However, it remains one of the
most difficult tasks faced by project managers,
developers, and organizations globally [1]. Studies
show that cost and time overruns are frequent, with
many projects failing to meet original budgets or
deadlines [2]. According to the Standish Group’s
CHAOS reports, nearly 70% of software projects
experience significant overruns or cancellations,
making the challenge of accurate estimation more
pressing than ever [3].

Traditional estimation methodologies, including
algorithmic approaches like the Constructive Cost
Model (COCOMO) [4], Function Point Analysis
(FPA) [5], and analogy-based estimation [6], have
been widely adopted across industries. However,
despite  their  theoretical strength, practical
limitations often surface, especially in dynamic
environments where requirements frequently evolve
[7]. Research highlights that existing models often
fall short in accounting for real-world project
uncertainties, human factors, and organizational
dynamics [8].
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To address limitations in linear project planning,
iterative and hybrid models have been introduced.
One such model is the ZSDLC (ZSoftware
Development Life Cycle), which integrates feedback
loops and risk mitigation strategies into software
development processes [9]. The Z-SDLC promotes
continuous stakeholder involvement and flexible
project structuring, helping to manage unforeseen
changes and improving overall project predictability
[9]. Nevertheless, its practical impact on estimation
accuracy is still under active exploration.
Comparative analyses reveal that no single
estimation model can universally guarantee accuracy
due to diverse project scales, domains, and
complexities [10]. Studies such as Igbal et al. [11]
have highlighted the relative strengths and
weaknesses of prevalent cost estimation models,
concluding that contextual factors such as project
domain, development methodology, and team
dynamics play critical roles in estimation accuracy.
Similarly, recent efforts using fuzzy logic-based
approaches have shown promise in handling
uncertainty and improving prediction precision [12].
These  recurring  challenges and  evolving
methodologies present an urgent need for further
investigation, especially through qualitative inquiry,
which allows exploration of practical and
organizational factors that are often overlooked in
quantitative models [13].

Problem Statement

Despite extensive literature and model development,
software projects globally continue to experience
chronic inaccuracies in time and cost estimation
[14]. Many projects, particularly in agile and hybrid
environments, witness shifting requirements, late-
stage  changes, and ambiguous stakeholder
expectations, all contributing to estimation failures
[15]. Recent empirical studies point to non-technical
factors—like organizational culture, managerial
pressure, and communication breakdowns—as
significant contributors to estimation inaccuracy
[16].

The prevalence of time and cost overruns indicates a
research gap in understanding these qualitative
dimensions, especially in the context of modern
methodologies like Agile, DevOps, and Z-SDLC [9],
[17]. This research aims to bridge this gap by

conducting qualitative interviews with industry
experts to uncover common factors affecting
estimation accuracy.

Purpose of the Study

The primary objective of this study is to qualitatively
investigate the challenges faced by software
professionals in accurately estimating time and cost.
Using in-depth semi-structured interviews, the study
explores how project complexity, team dynamics,
client interactions, and development methodologies
influence estimation outcomes [18]. This research
particularly focuses on contextualizing modern
estimation practices within evolving software
development frameworks, including hybrid models
such as ZSDLC [9] and recent fuzzy logic-based

estimation approaches [12].

Research Objectives

The study is driven by the following objectives:

e To explore qualitative factors contributing to time
and cost estimation challenges in software projects.

e To evaluate the influence of modern SDLC
models such as Agile, ZSDLC, and DevOps on
estimation practices.

e To understand how estimation techniques,
including traditional models and fuzzy logic-based
methods, perform in real-world scenarios.

e To propose practical recommendations for
improving time and cost estimation in contemporary
software projects.

Significance of the Study

This research contributes to the growing discourse
on software project estimation by addressing an
often-overlooked aspect—qualitative and human
factors affecting estimation [16], [19]. While
quantitative studies have extensively evaluated
mathematical models, qualitative perspectives from
industry experts provide deeper insights into the
socio-technical complexities of estimation practices
[20]. The findings will be beneficial for project
managers, policy makers, and software organizations
seeking to refine their estimation processes and
reduce project failure rates [21].

Moreover, by incorporating recent advancements
such as the ZSDLC [9] and fuzzy logic
methodologies [12], this study offers a contemporary
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understanding of estimation challenges, blending
theoretical models with practical industry realities.

Structure of the Paper

The remainder of this paper is organized as follows:

e Section 2 reviews the literature on time and cost
estimation, including classical models, modern
methodologies, and empirical challenges.

e Section 3 outlines the qualitative methodology,
detailing participant selection, data collection
techniques, and thematic analysis procedures.

e Section 4 presents the findings from the
qualitative data, highlighting key themes and
industry perspectives.

e Section 5 discusses these findings in the context
of existing literature, identifying gaps and proposing
actionable strategies.

e Section 6 concludes the study, summarizing key
insights and suggesting future research directions.

LITERATURE REVIEW

Review of Relevant Theories

The challenge of software time and cost estimation is
grounded in several foundational theories in
software engineering and project management. One
of the most recognized is Boehm’s Theory of
Software Cost Estimation [22], which underpins
algorithmic models such as the Constructive Cost
Model (COCOMO). Boehm emphasized the role of
historical project data, code size, and complexity in
estimating costs and timelines [22]. Complementary
to this, Function Point Analysis (FPA) introduced by
Albrecht [23] focuses on estimating effort based on
functional requirements rather than technical
specifications.

Agile theory also plays a significant role in modern
software project estimation. Agile methodologies
advocate for iterative development, flexibility, and
adaptive planning [24]. This approach highlights the
limitations of early-stage estimations and promotes
continuous re-estimation as project requirements
evolve. Furthermore, Fuzzy Logic Theory has been
proposed to handle uncertainty in estimation by
modeling imprecise information and linguistic
variables, offering more realistic projections in
volatile environments [25].

The ZSDLC (ZSoftware Development Life Cycle)
model [26] integrates these theoretical perspectives

by incorporating iterative feedback loops, risk
mitigation techniques, and stakeholder engagement
strategies. The model suggests that by structuring
project activities around continuous validation and
incremental deliveries, estimation inaccuracies can

be minimized [26].

Existing Studies in Computer Science

Numerous empirical studies have explored the
difficulties associated with time and cost estimation
in software projects. Jorgensen [27] reviewed expert
estimation studies and identified human biases, such
as optimism bias and anchoring effects, as key
contributors to inaccurate forecasts. McConnell [28]
emphasized that underestimation frequently stems
from managerial pressures and unrealistic deadlines
imposed by clients or upper management.
Comparative analyses of estimation models,
including algorithmic, analogy-based, and expert
judgment methods, indicate varied accuracy levels
depending on project context [29]. Igbal et al. [30]
performed a comparative analysis of common
software cost estimation modeling techniques and
concluded that no single model is universally
superior; each has specific strengths and limitations
based on the nature of the project and organizational
environment.

Recent advancements in estimation techniques
involve hybrid approaches combining Function
Point Analysis with Fuzzy Logic, improving the
adaptability of estimations in uncertain settings [31].
Moreover, literature on Agile environments indicates
that while iterative cycles can improve adaptability,
they do not eliminate the challenge of initial
estimation inaccuracies, especially for fixed-price
contracts [32].

Frameworks such as COCOMO 1I [22], FPA [23],
and the Z-SDLC [26] have been applied in diverse
environments, yet studies consistently show a
persistent gap between estimated and actual project
outcomes [33]. This reinforces the understanding
that time and cost estimation are not purely
technical problems but are also influenced by
human, organizational, and environmental factors.
Identification of Gaps

Despite a significant body of research, several gaps
remain evident. Firstly, most studies focus on
quantitative evaluations of estimation techniques,
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providing little insight into qualitative factors such as
organizational  culture, team dynamics, and
stakeholder communication [27], [34]. Secondly,
existing models often fail to account for rapidly
changing requirements, especially in agile and hybrid
environments, leading to estimation breakdowns
during project execution [32], [35].

Another notable gap is the limited empirical
evaluation of modern hybrid SDLC models, such as
ZSDLC [26], particularly from a qualitative
perspective. Few studies systematically analyze how
contemporary practices like continuous stakeholder
feedback and risk identification affect real-world
estimation accuracy. Additionally, while Fuzzy Logic-
based approaches have shown promise, their
integration with industry practices remains poorly
documented [31], [36].

These gaps highlight the need for qualitative studies
that explore practitioner experiences and identify the
non-technical dimensions influencing estimation
inaccuracies in software projects.

Conceptual Framework

Based on the reviewed literature, this study adopts a
qualitative conceptual framework centered on four
core dimensions influencing time and cost
estimation in software projects:

e Organizational  Factors:  including  project
governance, management expectations, and internal
estimation policies [37].

e Technical Factors: encompassing the complexity
of technology stacks, requirement volatility, and

model suitability [22], [25].

e Human Factors: addressing team experience,
communication quality, and cognitive biases among

estimators [27], [28].

e Methodological Factors: focusing on the use of
specific development methodologies (e.g., Agile, Z-
SDLC) and estimation techniques (e.g., FPA, fuzzy
logic models) [26], [31].

The conceptual framework aims to guide data
collection and analysis, focusing on these four
dimensions to derive holistic insights into the
estimation challenges faced by software professionals.
This approach is particularly suited to qualitative
research, enabling an in-depth understanding of
practical barriers and contextual nuances often
overlooked in numerical analyses.

Technical
Factors
Organizational 2 Time and 5 Human
Factors Cost Estimation Factors

l

Methodological

Factors

Fig. 1 illustrates the conceptual framework for analyzing challenges in estimating time and cost in software
projects.

Fig. 1 illustrates the conceptual framework for
analyzing challenges in estimating time and cost in
software projects. At the center of the framework lies
the core estimation process, which is influenced by
four primary dimensions: organizational factors,
technical factors, human factors, and methodological

factors. Organizational factors encompass project
management practices, stakeholder alignment, and
institutional maturity. Technical factors refer to
software complexity, evolving requirements, and
technology stack. Human factors include team
expertise, communication, and collaboration.

https://sesjournal.com | Khan et al., 2025 | Page 950


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 3, Issue 7, 2025

Methodological factors relate to the estimation
techniques and models adopted, such as traditional
models or enhanced methods like fuzzy logic. Each
of these dimensions contributes to the accuracy,
reliability, and practicality of time and cost
estimations in software development projects.

RESEARCH METHODOLOGY

Research Design

This study employs a qualitative exploratory research
design to investigate the challenges software
professionals face while estimating time and cost in
software projects. Qualitative methods are ideal for
exploring complex, real-world problems through the
lived experiences and perceptions of individuals [39].
Rooted in the interpretivist paradigm, this research
seeks to derive meaning from participant narratives
rather than quantifiable measures, emphasizing
context and subjective understanding [40].

The chosen design allows for a flexible yet rigorous
approach to uncover underlying patterns, mental
models, and contextual variables influencing
estimation processes. The research was conducted
across diverse organizational settings to maximize
perspective variation and thematic richness.

Data Collection Methods

To ensure comprehensive insights, data were
collected using triangulated methods: semi-structured
interviews, focus groups, and document analysis.
This multi-method strategy improves depth, validity,
and robustness of findings [41].

a) Semi-Structured Interviews

A total of 20 semistructured interviews were
conducted with professionals including software
engineers, project managers, product owners, and
QA analysts. Each interview lasted between 45-60
minutes. The questions explored participants’
experiences with estimation practices, tools used,
encountered difficulties, and strategies to improve
accuracy.

b) Focus Groups

Two focus group discussions were organized, each
consisting of 6-8 professionals with a variety of roles
in the software development lifecycle. Focus groups
allowed the collection of collective insights,

encouraged debate, and exposed areas of consensus
or disagreement among peers regarding estimation
challenges.

¢) Document Analysis

Relevant project documents such as estimation
reports, sprint backlogs, cost logs, and post-mortem
analysis were reviewed. This analysis helped
triangulate responses and validate discrepancies
between planned versus actual project timelines and
budgets [42].

All participants were selected using purposive
sampling, targeting those with at least five years of
experience in managing or estimating software
projects.

Data Analysis Methods

The collected data were analyzed using Thematic
Analysis, following the six-phase approach suggested
by Braun and Clarke [43]. These include
familiarization, code generation, theme
identification, review, definition, and reporting.

Data were coded using a hybrid approach—starting
with deductive codes derived from literature (e.g.,
requirement  volatility, tool limitations) and
expanding to include emergent, inductive themes
from participant responses [44].

All transcripts and documents were uploaded to
NVivo 14 software, which facilitated structured
coding, theme visualization, and audit trails. NVivo's
advanced search and query functions enhanced
analytical depth, and memoing was used to track
reflective insights during the coding process [45].

Ethical Considerations

This research adheres to standard ethical protocols
in qualitative research. Approval was obtained from
the institutional review board prior to data
collection. All participants received informed
consent forms detailing the study’s purpose,
voluntary nature, and their right to withdraw at any
time without consequence [46].

Confidentiality and anonymity were strictly
maintained. All personal identifiers were removed or
pseudonymized, and recordings and transcripts were
stored on encrypted drives accessible only to the
research team.
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Additionally, member checking was conducted:
participants were invited to review transcripts and
preliminary findings for accuracy and feedback,
enhancing credibility and transparency [47].

Trustworthiness and Rigor
To ensure the trustworthiness of findings, the study
applied Guba and Lincoln’s four criteria:

e Credibility: Achieved through data triangulation
(interviews, focus groups, documents), member
checking, and prolonged engagement with the data

(48].

e Transferability: Thick descriptions of context,
participant demographics, and organizational settings
were included, allowing readers to assess applicability
to other contexts [49].

¢ Dependability: An audit trail of coding schemes,
thematic development, and analytic decisions was
maintained throughout the research using NVivo
logs and researcher journals [50].

¢ Confirmability: Reflexive memos were used to
document researcher bias and ensure that findings
reflect participant experiences rather than researcher
assumptions [51].

These steps collectively strengthen the rigor and
validity of the study while ensuring ethical and
analytical transparency.

RESULTS AND FINDINGS

The thematic analysis of the data collected through
semi-structured  interviews, focus groups, and
document analysis revealed five key themes and
several sub-themes that represent the core challenges
in estimating time and cost in software projects.
These themes were identified using a rigorous coding
process via NVivo and validated through participant
feedback (member checking) and cross-method
triangulation.

Theme 1: Ambiguity in Requirements and Scope

A recurring pattern across participants was the lack
of clear and stable requirements, which led to
inaccurate estimations and frequent scope creep.
“Clients often change requirements mid-project. We
estimate based on initial understanding, but that
rarely stays the same.” - [PO7, Project Manager]

The issue was compounded by weak requirement
documentation and  insufficient  stakeholder
engagement during early planning phases.

Sub-themes:

e Incomplete requirement specifications

e Volatile client expectations

¢ Communication gaps between stakeholders and
developers

Theme 2: Limitations of Estimation Techniques
and Tools

Participants expressed dissatisfaction with traditional
estimation models such as COCOMO, function
points, or expert judgment, especially for agile or
hybrid projects.

“COCOMO feels outdated for modern agile
workflows. It assumes a kind of predictability that no
longer exists in realtime deployments.” - [P11,
Software Architect]

Many highlighted the need for contextspecific
estimation models, such as fuzzy logic or hybrid
techniques integrating historical data and expert

feedback.

Sub-themes:

e Tool mismatch with project type

e Absence of localized estimation frameworks

e Lack of automation and data integration in
estimation tools

Theme 3: Human Factors and Cognitive Bias
Human-centric  variables like  overconfidence,
optimism  bias, and pressure from upper
management were frequently cited as major reasons
behind flawed estimations.

“Sometimes, we knowingly under-estimate just to get
project approval, which later backfires badly.” - [PO3,
Team Lead]

Moreover, the absence of estimation training and
experience also led to skewed predictions, especially
among junior team members.
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Sub-themes:

e  Over-optimism and anchoring bias
e Managerial pressure to reduce costs
e Inadequate training in estimation

Theme 4: Agile and Iterative Challenges

While Agile is widely adopted, participants noted
that its iterative nature complicates traditional
estimation and shifts focus toward rolling-wave
planning.

“In Agile, estimation is continuous. Story points
help, but they’re subjective and vary across teams.” -
[P15, Scrum Master]

The transition from waterfall to agile has left many
organizations without standard guidelines for
cost/time forecasting in incremental development.

Sub-themes:

e Variability in story point calibration

¢ Changing sprint goals

e Lack of standardized agile estimation practices
Theme 5: Organizational and Environmental
Influences

Organizational structure, client relationships, and
external regulations were also seen as influential
factors. Inconsistent client engagement, tight
deadlines, and lack of historical data repositories
impacted estimation accuracy.

“We rarely document post-project outcomes. So,
each estimation cycle starts from scratch with no
baseline.” - [PO8, Business Analyst]

Organizational resistance to estimation process
improvement, lack of tool adoption, and siloed
communication were also notable constraints.

Sub-themes:

¢ No central knowledge repository
e Lack of process standardization

e Bureaucratic resistance to change

Visual Representation: Thematic Map (Fig. 2)

A Thematic Map was developed to visually connect
the five main themes and their sub-themes,
illustrating how they interact and impact the
estimation process in software projects.

Requirement
Ambiguity

I

G R
Limitations in
Estimation Tools
. J

|

%
Human Bias &
Experience

!

rAgile Estimation |
Complexity

|

7 B
Organizational &

A

AN

External Factors

Fig. 2. Thematic Map illustrating key challenges in software project estimation, highlighting a sequential flow from

requirement ambiguity to organizational and external factors.

Figure 2 presents a thematic map that visually
encapsulates the interconnected challenges faced in
estimating time and cost in software projects. The
diagram illustrates a cascading flow of influence
beginning with Requirement Ambiguity, which often

initiates estimation issues due to unclear or evolving
project scopes. This ambiguity feeds into Limitations
in Estimation Tools, where traditional models fail to
adapt to  dynamic  project  environments.
Subsequently, Human Bias and Experience influence
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estimations through overconfidence, optimism bias,
or lack of training. As teams adopt Agile and

to process improvement and client
pressures compound these issues. The thematic map

resistance

highlights how these themes interact and
accumulate, resulting in significant barriers to
accurate time and cost estimations.

Iterative ~ Methodologies, the complexity of
continuous estimation increases, often without
standardized practices. Finally, Organizational and
External Factors such as poor documentation,

Table 1: Key Themes, Supporting Quotes, and Interpretation

Theme Supporting Quote/Excerpt Interpretation

Requirement Ambiguity “Clients often change the scope after we've Unclear or evolving requirements disrupt initial
started, and there’s no clear baseline.” estimations and scope control.

Limitations in Estimation “The models we use don’t always work well Traditional tools lack flexibility for contemporary

Tools for modern, modular applications.” project structures.

Human Bias and Experience
Agile & Iterative Complexity

Organizational &  External
Factors

Participant Code

P1
P3

P6
P9
P1

Cognitive biases and strategic misrepresentation
influence estimation accuracy.

Agile
estimation, lacking fixed planning anchors.
External influences and internal culture often
compromise realistic estimation.

“Sometimes we underestimate just to win the
project; reality hits during execution.”

“In Agile, things are always changing — it's
hard to pin down a final cost or duration.”

environments demand continuous re-
“ 1
Management pressures us to quote lower

budgets to stay competitive.”

Table 2. Frequency of challenges as discussed across interviewees and focus groups, indicating the dominant
themes in estimation challenges.

Challenge Theme No. of Mentions Participant Codes
Requirement Ambiguity 14 P1, P3, P5, P7, P10, P12
Limitations in Estimation Tools 11 P2, P4, P6, P9, P13
Human Bias and Experience 13 P1, P2, P§, P10, P11, P14
Agile & Iterative Complexity 9 P3, P5, P6, P12
Organizational & External Factors 12 P2, P4, P7, P9, P13, P14

Table 3. Summary of participants' experiences with various estimation techniques, highlighting perceived strengths
and key limitations.
Estimation

Used

Techni o L
echnique Limitations Highlighted

Perceived Strengths

Expert Judgment Fast, experience-based Subjective, inconsistent
. , . Structured works  well  with i
Function Point Analysis S Complex for small projects
documentation
Use Case Points Good for early-stage estimation Sensitive to changes in requirements
Analogy-Based Estimation Useful with historical data Lacks precision in novel project scenarios
2 Fuzzy Logic Model Handles uncertainty well Requires expertise to implement
Table 4. Comparison of traditional and modern estimation approaches in software project environments based on
participant insights and literature findings.
Aspect Traditional Techniques Modern Techniques (Agile/Fuzzy/Hybrid)

Requirement Handling Fixed scope required Handles evolving requirements

Accuracy Varies, often optimistic Improves with iterative refinement
Adaptability Low High
Tool Support Widely available (e.g., COCOMO, FP) | Emerging (e.g., fuzzy models, Al-enhanced tools)
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Stakeholder Involvement
Human Bias Sensitivity High

Minimal after planning

The results of this qualitative investigation are
organized around key themes and participant
insights derived from interviews, focus groups, and
document analysis. Table 1 presents a summary of
the five major themes that emerged from the data:
Requirement Ambiguity, Limitations in Estimation
Tools, Human Bias and Experience, Agile and
Iterative Complexity, and Organizational and
External Factors. Each theme is supported with
representative quotes from participants, providing
direct evidence of how these issues manifest in real-
world software projects. The interpretations
alongside the quotes help contextualize the patterns
that these themes reflect, confirming that estimation
challenges are deeply rooted in both technical and
socio-organizational dynamics.

Table 2 quantitatively complements these themes by
summarizing the frequency of each challenge
mentioned across participants. The number of
mentions helps in prioritizing the most pressing
concerns, revealing that Requirement Ambiguity and
Human Bias and Experience were among the most
frequently cited, suggesting they have a more
pervasive influence across different project types. The
participant codes listed in the table help maintain
confidentiality while showing the diversity of
perspectives contributing to each theme.

Table 3 delves deeper into individual perspectives by
illustrating the various estimation techniques
currently employed by software professionals and
their associated strengths and weaknesses. This table
highlights that while traditional techniques like
Expert Judgment and Function Point Analysis are
still widely used, they are often supplemented or
replaced by more adaptive methods such as Fuzzy
Logic and Analogy-Based Estimation. However, each
technique brings its own limitations, which must be
carefully managed in practice. This reflects a
common sentiment among participants that no “one-
size-fits-all” model exists.

Lastly, Table 4 offers a comparative overview of
traditional versus modern estimation approaches

Continuous involvement

Reduced through collaborative estimation practices

based on participant feedback and literature
alignment. It shows that while traditional models rely
on stable requirements and are supported by well-
established tools, they lack flexibility in modern,
agile-driven environments. On the other hand,
modern techniques such as hybrid models and fuzzy
logic-based estimation better accommodate changing
requirements and stakeholder engagement, although
they often require more expertise and emerging tool
support. This comparative analysis underscores a
shift in industry preferences toward adaptive
estimation approaches that can handle uncertainty
and promote continuous refinement.

Collectively, these tables provide a comprehensive,
multi-perspective view of the persistent challenges in
software project estimation and offer a foundation
for targeted improvements in both practice and
research.

DISCUSSION

Analyzing Challenges in Estimating Time and Cost
in Software Projects

The findings of this qualitative study reveal a
complex landscape of challenges in estimating time
and cost within software projects, as illuminated
through thematic analysis and stakeholder input.
The interpretation of results underscores the
interconnectedness of technical, organizational,
human, and methodological factors that collectively
undermine the accuracy and reliability of software
estimations. These findings align with and extend
existing literature, offering both confirmation and
new insights into long-standing estimation issues.

Interpretation of Results

The five core themes — Requirement Ambiguity,
Limitations in Estimation Tools, Human Bias and
Experience, Agile and Iterative Complexity, and
Organizational and External Factors — collectively
highlight the multifaceted nature of estimation
challenges. As seen in the thematic map (Fig. 2) and
tables, ambiguous and evolving requirements emerge
as the most frequently cited issue, confirming that
uncertainty at the project initiation phase
significantly ~ distorts estimation  baselines.
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Participants repeatedly emphasized the inadequacy of
existing tools to adapt to changing contexts,
especially in Agile settings, which require iterative
and continuous planning cycles. The findings also
pointed to prevalent cognitive biases, such as
optimism bias, anchoring, and the pressure to
underestimate time and cost to satisfy clients or
management — a phenomenon widely recognized in
behavioral software engineering research [39].

Linkage with Existing Literature

This study’s findings are supported by a body of
prior research that has identified similar challenges.
For instance, the importance of requirement clarity
and scope management in accurate estimation has
been discussed in the work of Boehm [40] and
Jorgensen [41], while Syed Zaffar Igbal and Idrees
[42] emphasized the limitations of traditional
estimation models in dynamic environments. The
results also align with Zaffar Igbal’s [43] introduction
of the ZSDLC model, which emphasizes structured
phases to reduce ambiguity and improve estimation
reliability. Additionally, the observed preference for
hybrid and fuzzy logic-based estimation techniques
confirms the relevance of models such as the one
proposed by Igbal and Saghar [44], which improves
estimation accuracy using Function Point Analysis
enhanced by fuzzy logic. These linkages reinforce
that while challenges are consistent, contextual
adaptation of methods is critical for success.

Implications for Theory and Practice

From a theoretical standpoint, this study contributes
to the evolving understanding of cost and time
estimation in software engineering by integrating
behavioral, process-based, and technical dimensions
into one unified framework. It supports the notion
that estimation should not be treated solely as a
mathematical or algorithmic exercise, but as a socio-
technical process involving judgment, negotiation,
and adaptation. The insights drawn from Agile
contexts also suggest that estimation theory must
evolve to accommodate iterative methodologies and
non-linear planning.

Practically, the study highlights the need for
organizations to invest in advanced estimation
training, foster open stakeholder communication,

and adopt adaptive estimation models that evolve
throughout the project lifecycle. Project managers
must acknowledge and address biases, while tool
developers should focus on creating flexible
estimation platforms that integrate with Agile
practices and support fuzzy or probabilistic inputs.
The findings advocate for a shift from rigid to
responsive estimation cultures, where continuous re-
evaluation is the norm rather than the exception.

New Insights in the Computer Science Context
This research presents several novel insights into the
computer science and software engineering
landscape. Firstly, it demonstrates the pressing need
for estimation tools to evolve beyond algorithmic
predictions to include contextual understanding and
adaptability. Secondly, the study emphasizes that
estimation is not just a procedural step in project
planning but a reflective activity embedded in the
social dynamics of development teams. Finally, by
highlighting the limitations of traditional models
and the advantages of hybrid approaches, it provides
momentum for integrating Al-driven and fuzzy-based
estimation methods into mainstream project
management software — a promising direction for
future tool development.

In conclusion, this study contributes to both theory
and practice by unpacking the root causes of
estimation failure and suggesting actionable
improvements grounded in qualitative evidence and
real-world insights. It reinforces the importance of
integrating technical precision with human-centered
adaptability for overcoming estimation challenges in
modern software development.

CONCLUSION

This qualitative research has explored the intricate
and interdependent challenges that software
development teams face in accurately estimating time
and cost. The study identified five key thematic
areas: requirement ambiguity, limitations in
estimation tools, human bias and experience, agile
and iterative complexity, and organizational and
external factors. These themes emerged through
interviews, focus groups, and document analysis,
underscoring that estimation challenges are not
purely technical but are embedded in human,
process, and organizational contexts.
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The study contributes to the growing body of
knowledge in software engineering by offering a
comprehensive and empirically grounded framework
that connects both classical and modern estimation
challenges with evolving development practices like
Agile. It reinforces and extends existing theories by
incorporating socio-technical dimensions of software
estimation — an area that is often underrepresented
in traditional cost estimation literature. Moreover,
the study validates and contextualizes hybrid models
such as fuzzy logic approaches and alternative life
cycle models like Z-SDLC, highlighting their
relevance in contemporary software environments.
Despite these contributions, the study is not without
limitations. The research was confined to a
qualitative approach with data primarily sourced
from a specific geographic and organizational
context, which may limit the transferability of
findings to all global settings. The sample size, while
sufficient for qualitative saturation, may not
represent the full diversity of industry practices
across various sectors and project types.

Future research should consider expanding the scope
by incorporating mixed-method approaches that
combine qualitative insights with quantitative
analysis for more generalizable conclusions.
Longitudinal studies could also examine how
estimation practices evolve over time within
organizations adapting to Agile or DevOps
transformations. Additionally, future work may focus
on developing and empirically validating intelligent
estimation tools that integrate context-awareness,
human factors, and learning algorithms to provide
dynamic and adaptive cost and time estimations.

In summary, the study not only unpacks the
persistent and emergent challenges in software
estimation but also lays the groundwork for practical
interventions and future innovation in estimation
techniques, models, and tools.
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