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Abstract

Open-source software projects face increasing challenges in maintaining design quality as they evolve, often resulting in
technical debt accumulation and reduced maintainability. This study explores the relationship between software modularity,
measured using ISO/IEC 25010 quality attributes, Chidamber and Kemerer (CK) object-oriented metrics, and architectural
smells (AS) in Java-based open-source software. Six Java-based open-source projects were strategically selected based on
varying complexity levels (ranging from 6-994 classes) and different application domains to ensure comprehensive analysis
coverage using DesigniteJava to extract AS, CK metrics, and modularity indicators. Correlation analyses showed that
architectural smells such as Cyclic Dependency, Ambiguous Interface, and God Component are strongly correlated with CK
metrics like Weighted Methods per Class, Depth of Inheritance Tree, and Number of Children. These CK metrics also exhibited
strong positive correlations with Cyclomatic Complexity, indicating that structurally complex components also tend to have
more complex control logic. Dense Structure was found to negatively correlate with Coupling of Components Conformance,
suggesting its effect on modularity compliance. On the other hand, smells like Feature Concentration and Scattered
Functionality showed weak or inconsistent correlations with these metrics. The findings highlight the importance of addressing

specific architectural smells to improve modularity and software quality.
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1. Introduction

In modern software development, failure to maintain
design quality can have a serious impact on
maintenance costs, release delays, and accumulation of
technical debt. Therefore, design quality assurance is a
fundamental aspect to ensure systems that are modular,
maintainable, and adaptable to changing needs.
Standards such as ISO/IEC 25010 [1] provide an
evaluation framework that covers characteristics such
as maintainability and modularity, but their practical
application requires the support of quantitative metrics.
Chidamber and Kemerer (CK) Metrics provide
technical indicators of system complexity and cohesion
[2], while the phenomenon of architectural smells
indicates architectural patterns that deviate from good
design principles [3]. The combination of quality
metrics and architectural smells detection is a promising
approach to maintain software design sustainability in
the long term [4].

ISO/IEC 25010 defines eight main characteristics of
software product quality, namely: functional suitability,
performance efficiency, compatibility, usability,
reliability, security, maintainability, and portability.
Each of these characteristics has more specific sub-
characteristics, for example maintainability includes
modularity, reusability, analysability, modifiability,
and testability. Using this standard, organisations can
conduct a systematic assessment of whether the
software has met functional requirements, performance
efficiency, interoperability, ease of use, reliability,
security, maintainability, and portability. ISO/IEC
25010-based software quality measurement is essential
to ensure that software not only meets technical
specifications, but also provides a good user experience
and is easy to modify in the future [1], [5]. Structured
quality evaluation helps organisations identify areas for
improvement and reduces the risk of software failure

[6]-[9].
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Code quality measurement using metrics such as
Chidamber and Kemerer Metrics (CK Metrics) is very
important in object-oriented software development
because these metrics provide quantitative indicators
that can predict system maintainability and reliability
[10], [11]. CK Metrics, which include metrics such as
Weighted Methods per Class (WMC), Coupling
Between Objects (CBO), Depth of Inheritance Tree
(DIT), and Lack of Cohesion in Methods (LCOM),
have been empirically proven to contribute to software
design quality [4], [12]-[14]. For example, high WMC
values can increase the risk of code errors, while
excessive CBO indicates dependencies between classes
that can complicate maintenance and testing. Previous
studies show that keeping the values of these metrics
within ~ recommended  limits can  improve
maintainability indices and reduce debug time, thus
easing the overall software development and
maintenance process [2], [15]-[17].

On the other hand, the phenomenon of architectural
smells, i.e. undesirable architectural design patterns,
negatively impacts software quality by increasing
technical debt and complicating the system evolution
process. Architectural smells operate at the architectural
level, such as components and connectors, in contrast to
code smells that focus on the implementation level. The
presence of architectural smells such as cyclic
dependencies and hub-like modularization has been
shown to decrease modularity, reduce module cohesion,
and increase testing complexity. Empirical research on
several open-source and enterprise projects shows that
removing architectural smells can reduce bug rates,
speed up the refactoring process, and reduce
maintenance costs [3], [18]-[20]. Moreover, there is a
significant relationship between CK metrics and the
occurrence of architectural smells, where non-ideal
metric values can trigger harmful architectural
anomalies [21]. Therefore, the integration of CK
Metrics measurement with architectural smells
detection is essential to improve design quality and
software sustainability [4].

High-quality software development requires a deep
understanding of the factors that influence design
quality [22]. Modularity, CK metrics, and architectural
smells are important aspects that affect software

CK Metrics
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Select Project

150 25010

quality, but previous research has not comprehensively
examined the relationship between these three aspects
together [23]-[25]. Therefore, there is still a lack of
clarity in understanding the dominant factors that
influence software design. It is not yet known whether
modularity is more influenced by CK Metrics or
architectural smells, making it difficult to determine the
main factors that should be prioritised in improving
software quality.

To address this gap, a multi-correlation approach using
methods such as Pearson and Spearman is needed [5].
This approach provides evidence-based validation of
the relationships between architectural smells, ISO/IEC
25010-based modularity, and CK Metrics, offering
concrete empirical findings that can guide software
architecture decisions. By systematically analyzing
these correlations, this research establishes a dominance
hierarchy among quality factors, enabling organizations
to prioritize improvement efforts based on data-driven
insights rather than subjective assessments. The
empirical evidence generated serves as a practical
foundation for software architects and quality
managers, while also providing baseline data for future
advanced analytics and tool development in software
engineering. Thus, this study contributes to the
consolidation of software quality knowledge and
supports evidence-based decision-making in high-
quality software development practices.

2. Methods

This chapter describes the methodological approach
used in the research to analyse the relationship between
ISO 25010-based modularity, the CK (Chidamber and
Kemerer) metric, and Architecture Smells (AS) in
object-oriented software. This research aims to
understand the extent to which the three elements are
interrelated in the context of software quality,
particularly in open source software projects developed
using the Java programming language.

The research flowchart shown in Figure 1 illustrates the
main stages carried out in this study, starting from the
data input process, metrics extraction, to the calculation
of correlations between the analysed variables.

pearman Correlation

Result & Analysis

Pearson Correlation | |

— Architecture Smells

Metrics Measurement

Measurement

Correlation Measurement

Figure 1. Research Flow
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The input data was obtained from open-source software
projects that were selected based on certain criteria,
such as project size and class structure, to ensure that
the complexity and scale of the projects matched the
measurement needs. The projects were then analysed
for modularity using an approach based on the ISO
25010 standard, the internal quality of the software was
measured using six CK metrics (i.e. WMC, DIT, NOC,
CBO, RFC, and LCOM), and the presence of
Architecture Smells was analysed using Sharma et al.'s
approach, which includes categories such as Cyclic
Dependency, Unstable Dependency, Ambiguous
Interface, God Component, Feature Concentration,
Scattered Functionality, and Dense Structure.

The entire analysis process was carried out
systematically with the support of tools such as
DesigniteJava to detect Architecture Smells, as well as
manual and semi-automated calculations to obtain 1ISO
25010 CK and modularity metric values. The results of
each stage were used as the basis for correlation
calculations using Pearson and Spearman statistical
methods, to determine the strength and direction of the
relationship between variables in the context of
software quality.

2.1 System Dataset Selection

The first step in this research started with the selection
of open-source projects publicly available on GitHub as
objects of observation to analyse the correlation
between Architecture Smells (AS), CK metrics, and
ISO 25010-based modularity. All projects used were
developed using the Java programming language and
were selected based on their diversity in size and
complexity to provide a broader scope for analysis.

There were six projects evaluated, each labelled from
S1 to S6. Details of the projects can be seen in Table 1.
Project S1 is a school management system, while S2 is
a hospital management application. Project S3 is a pet
hotel management system. S4 is a hotel booking
application titled ‘I Want to Travel’. S5 focuses on an
appointment booking system, while S6 is a private
tutoring booking application called Huna. These
projects were chosen because they have variations in the
number of lines of code and the number of classes,
which is expected to provide more representative
correlation results.

Table 1. Selected Project and Parameter Overview

Project Label Project Name Line of Code Number of Classes
S1 School Management 156 6

S2 Hospital Management 2291 50

S3 Pet Hotel 5662 105

S4 | want to travel (hotel booking 3801 138

app)
S5 Appointment Booking 28310 524
S6 Huna (tutoring booking app) 38224 994

Once the projects were selected, the Architecture
Smells detection process was performed using
DesigniteJava software, which was able to identify
various indicators of problematic architecture in Java-
based software projects.

2.2 Metrics Measurement

Once a software project has been selected, the next step
in this research is to measure three main elements:
Architecture Smells (AS), CK metrics, and modularity
based on ISO 25010. The entire measurement process
was conducted using the DesigniteJava tool, with
adjustments to the calculations to ensure all values were
at the same level, i.e. per class, to facilitate valid
correlation analysis [26].

The Architecture Smells measurement was conducted
using DesigniteJava to analyse the structure of Java-
based projects. The tool automatically detects various
types of AS that reflect violations of architectural
design principles, namely God Component, Cyclic
Dependency, Feature  Concentration,  Unstable
Dependency, = Ambiguous Interface,  Scattered
Functionality, and Dense Structure. The output result is
the number of smells per category in the entire project.
To obtain the AS density value per class, the total

number of detected ASes is divided by the total number
of classes in the project.

CK Metrics measurements were also performed using
DesigniteJava, which resulted in WMC, DIT, NOC,
CBO, RFC, and LCOM values for each class in the
project. The values of each of these metrics were then
summed over all classes, and then divided by the total
number of classes to produce the average CK metrics
per class.

The measurement of modularity based on the ISO
25010 standard in this study focuses on two parameters:
Coupling of Components Conformance (CCC) and
Cyclomatic Complexity (CC). CCC is calculated based
on the ratio between the number of classes with fan-out
=0 to the total number of classes in the project. For CC,
the cyclomatic complexity value is taken from each
method detected by DesigniteJava, then summed and
divided by the total number of methods. The result is
then divided by the number of classes to obtain the
average CC per class. This approach is done so that all
metric values can be compared equally at the same unit
of analysis level, which is the class.

With this normalisation, the AS, CK, and 1SO 25010
modularity metrics can be analysed in parallel to
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identify relationships and influences between variables
in the context of software quality.

2.3. Correlation Measurement

In this stage, correlation analyses were conducted
between ISO 25010-based modularity metrics, CK
metrics, and smell architecture to see the relationship
between each pair of metrics. The two correlation
approaches used are Pearson and Spearman. Pearson
analysis is used to measure linear relationships between
metrics assuming normally distributed data, while
Spearman is used to look at monotonic relationships
without assuming a particular data distribution [27].
Both approaches were applied in parallel to each pair of
metrics to obtain a more comprehensive picture of the
relationship. Correlation analyses were performed in
pairs with schemes: smell architecture against CK
metrics, CK metrics against I1ISO 25010 modularity
metrics, and modularity metrics against smell
architecture. The results of these correlation
measurements were then analysed to identify patterns
of interrelationships between metrics and evaluate the
extent to which modularity and architectural quality can
be mapped through the metrics used.

3. Results and Discussions

In this section, the experiment was conducted to analyze
the correlations between CK Metrics, ISO Metrics, and
Architecture Smells across six open-source software
projects. The primary goal was to determine how these

statistically significant correlations that might inform
better development and quality-assurance practices.

The study involved selecting six open-source software
projects and gathering relevant data metrics for
analysis. CK Metrics, which assess structural properties
of the code, such as coupling, cohesion, and
complexity. ISO Metrics, on the other hand, provided a
standardized  evaluation of software quality.
Additionally, Architecture Smells served as indicators
of potential issues within the software architecture.

To analyze the relationships among these metrics, both
Pearson and Spearman correlation analyses were
employed. The Pearson correlation analysis focused on
measuring linear relationships, providing insights into
the strength and direction of correlations. In contrast,
the Spearman correlation analysis was utilized to assess
monotonic relationships, rendering it suitable for non-
parametric data. The employed combination of both
methods enabled a comprehensive examination of both
linear and non-linear dependencies among the metrics.

3.1 Metrics Measurement

A total of 13 metrics were used in this study to evaluate
software quality. The metrics include three groups: 7
architecture smell metrics, 4 metrics from CK metrics,
and 2 metrics based on ISO/IEC 25010. The values of
each metric have been averaged based on the number of
classes in each sample (S1-S6) to enable balanced and
relevant comparisons  between samples. The
measurement results are shown in Table 2.

metrics relate to one another and identify any

Table 2. Metrics Measurement Result

Metrics S1 S2 S3 S4 S5 S6
AS
CD 0 0 0.00952 0 0.04962 0
ub 0 0 0.02857 0 0.02099 0
Al 0 0 0 0 0.00191 0
GC 0 0 0 0 0.00954 0
FC 0 0.0566 0.0381 0.03623 0.02863 0.04125
SF 0 0 0 0.02899 0.01336 0
DS 0 0.01887 0.00952 0 0.00191 0
CK
WMC 4.16667 4.60377 6.30476 5.06522 15.063 0.16097
DIT 0 0 0.07619 0.00725 0.8626 0
LCOM 1.11E+15 7.46E+14 8.16E+13 1.03E+15  2.39E+15 -9.175
NOC 0 0 0.07619 0.00725 0.45802 0
1SO 25010
Cccc 1 0.13208 0.3619 0.49275 0.20611 1
CC 4.16667 4.60377 6.30476 5.06522 15.063 0.16097

The architecture smell metric showed that S3 and S5
contained the most indications of architectural
problems compared to the other samples, especially in
terms of Cyclic Dependency (CD), Unstable
Dependency (UD), and Feature Concentration (FC). S5
in particular has the highest value for CD, which
indicates communication between components that
should be independent. In addition, the presence of
Scattered Functionality (SF) and Dense Structure (DS)
in some samples also indicates a non-optimal
component structure.

On the CK metric, Weighted Methods per Class
(WMC) in S5 indicates high method complexity, while
the Depth of Inheritance Tree (DIT) and Number of
Children (NOC) values indicate the level of inheritance
usage in the system, where S5 also has the highest
value, indicating the potential utilization of reuse
through inheritance. Lack of Cohesion in Methods
(LCOM) shows extreme and unnatural values in some
samples, particularly S1 and S5, which most likely
indicates calculations that need to be reviewed or the
presence of very large structural anomalies in class
cohesion.
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In terms of ISO 25010, Coupling of Components
Conformance (CCC) tends to be high in S1 and S6,
indicating good modularity compliance. In contrast, the
Cyclomatic Complexity (CC) values are negative in all
samples except S6, which needs to be reconfirmed - it
could be a result of normalization against a baseline or
an indicator of deviation from ideal complexity.

Overall, it appears that S5 has the most significant level
of complexity and architectural smell, followed by S3,
while S1 and S6 tend to be cleaner of design problem
indicators. With the data averaged per class, further
correlation analysis can provide insight into the
relationship between these metrics and their impact on
software quality in general.

3.2 Correlation Measurement

To understand the relationship between the metrics
used, Pearson correlation analysis was performed by
comparing three groups of metrics: Architecture Smell
(AS) with CK Metrics, CK Metrics with 1ISO 25010,
and Architecture Smell with 1SO 25010.

Figure 2 presents a heatmap showing the Pearson
correlation between Architecture Smells (AS) and CK
metrics, revealing that certain smells have strong,
statistically significant relationships with class
complexity measures. Cyclic Dependency (CD), for
instance, exhibits very high positive correlations with
WMC (r = 0.934), DIT (r = 0.994), and NOC (r =
0.999), suggesting a strong link between cyclical
dependencies and complex inheritance structures.
Similarly, Ambiguous Interface (Al) and God
Component (GC) show nearly identical patterns, with
strong correlations to DIT (r = 0.996), NOC (r = 0.987),
WMC (r = 0.908), and LCOM (r = 0.843), indicating
that systems with these smells often feature deep
inheritance hierarchies and complex class designs. In
contrast, Feature Concentration (FC), Scattered
Functionality (SF), and Dense Structure (DS) display
weak correlations and high p-values, implying they are
likely influenced by factors beyond the scope of CK
metrics.

Heatmap of Correlation Strength and Significance (* p < 0.05)
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Figure 2. Pearson Correlation between AS and CK Metrics

Figure 3 shows the Pearson correlation between CK
Metrics and 1SO 25010, highlighting a very strong and
significant positive correlation between WMC and
Cyclomatic Complexity (CC) (r = 1.000, p = 0.000),
suggesting that classes with more or more complex
methods significantly increase system complexity.
Similar strong correlations are observed for DIT (r =
0.927) and NOC (r = 0.937), indicating that deeper
inheritance and more child classes contribute to higher
logical complexity. LCOM also correlates positively
with CC (r = 0.843), reinforcing the link between low
cohesion and increased complexity. In contrast, CBO
shows a weak, statistically insignificant negative
correlation with CC (r = -0.633, p = 0.178), suggesting
it may be less useful for assessing complexity in this
context.

Figure 4 presents the Pearson correlation between
Architecture Smells (AS) and ISO 25010, revealing that

certain smells, Cyclic Dependency (CD), Architectural
Inconsistency (Al), and God Class (GC), have strong,
statistically significant positive correlations with
Cyclomatic Complexity (CC) (r>0.910, p <0.05). This
indicates that these smells are closely associated with
increased logical complexity, reduced maintainability,
and higher error risk, aligning with ISO 25010’s
complexity-related quality concerns. In contrast,
correlations  between smells and Coupling of
Components Conformance (CCC) are generally weak
and not statistically significant; for example, Dense
Structure (DS) shows a moderate negative correlation
with CCC (r = -0.663, p = 0.152), while smells like
Feature Concentration (FC) and Scattered Functionality
(SF) show minimal or inconsistent relationships. These
results suggest that while some architecture smells
strongly impact system complexity, others may have
negligible or unrelated effects.

1379



Alirridlo et al

Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi), Vol.9 No. 6 (2025)

Heatmap of Correlation Strength and Significance (* p < 0.05)
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Figure 3. Pearson Correlation between CK Metrics and 1SO 25010
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Figure 4. Pearson Correlation between AS and 1SO 25010

Figure 5 shows the Spearman correlation between
Architecture Smells (AS) and CK Metrics, revealing
several significant relationships. Cyclic Dependency
(CD) strongly correlates with WMC (r = 0.845, p =
0.034), DIT (r=0.898, p = 0.015), and NOC (r = 0.898,
p = 0.015), suggesting that complex inheritance
structures and higher method counts increase the
likelihood of dependency cycles. Unstable Dependency
(UD) also shows significant correlations with DIT and
NOC (r = 0.826, p = 0.043), indicating that instability
in dependencies is linked to deep inheritance and class
reuse. Ambiguous Interface (Al) and God Component
(GC) show moderate but statistically insignificant
correlations with CK metrics. Feature Concentration
(FC) has a high negative correlation with LCOM (r = -
0.771, p = 0.072), suggesting a potential link to
increased cohesion. Other smells, such as Scattered
Functionality (SF) and Dense Structure (DS), show no
significant correlations with CK metrics.

Figure 6 shows the Spearman correlation between CK
Metrics and 1SO 25010, revealing strong, statistically
significant positive correlations between Cyclomatic
Complexity (CC) and WMC (r =1.000), DIT (r=0.941,
p = 0.005), and NOC (r = 0.941, p = 0.005). This
suggests that increased method count, inheritance
depth, and subclassing contribute to higher logical
complexity, reflecting more control paths and decision
points in the system. In contrast, the correlation between
CK metrics and Coupling of Components Conformance
(CCC) is weak and statistically insignificant (e.g.,
WMC: r = -0.638, p = 0.173), indicating that CK
metrics may not effectively capture modularity
adherence, which may require more specialized
architectural measures.

Figure 7 presents the Spearman correlation between
Architecture Smells (AS) and ISO 25010, highlighting
that Cyclic Dependency (CD) has a significant positive
correlation with Cyclomatic Complexity (CC) (r =
0.845, p = 0.034), suggesting that architectural cycles
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contribute  to  increased logical  complexity.
Additionally, Dense Structure (DS) shows a strong
negative correlation with Coupling of Components
Conformance (CCC) (r = -0.893, p = 0.016), indicating
that dense interconnections undermine modularity and
cohesion. These findings reinforce earlier Pearson-

based results, emphasizing CD and DS as key indicators
of complexity and modularity issues, while other smells
like Scattered Functionality (SF) and Feature
Concentration (FC) show weaker or negligible
correlations, and may be less critical for assessing
overall software quality.
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3.3 Relation Classification Discussion

Figures 2-7 summarize the Pearson and Spearman
correlation results between Architecture Smell (AS),
CK metrics, and 1SO 25010 modularity aspects (CCC
and CC). These correlations help identify which metrics
have strong, weak, direct, or inverse relationships and
validate the consistency between both correlation
methods. The  correlation  analyses  between
Architecture Smells (AS), CK metrics, and 1SO 25010
modularity aspects reveal consistent patterns across
both Pearson and Spearman methods, which can be
categorized into distinct relationship types based on
their strength and consistency.

Strong Structure-Complexity Relationships emerge as
the most significant finding, particularly involving three
high-impact architectural smells that consistently
demonstrate robust correlations with structural
complexity metrics. Cyclic Dependency (CD) shows
exceptionally strong correlations with Weighted
Methods per Class (WMC), Depth of Inheritance Tree
(DIT), and Number of Children (NOC) across both
correlation methods, with Pearson values ranging from
0.934 to 0.999 and Spearman values from 0.845 to
0.898. This consistency confirms that systems with
dependency cycles tend to exhibit higher structural
complexity through deeper inheritance hierarchies and
more complex class designs. Similarly, Ambiguous
Interface (Al) and God Component (GC) display nearly
identical correlation patterns with structural metrics,
particularly showing strong relationships with DIT and
NOC, indicating that these smells commonly emerge in
architectures with complex inheritance structures and
oversized components.

The relationship between CK metrics and logical
complexity presents another crucial finding, where
three key structural metrics—WMC, DIT, and NOC—
consistently  predict increases in  Cyclomatic
Complexity (CC). These metrics show remarkably
strong positive correlations with CC in both Pearson
(ranging from 0.927 to 1.000) and Spearman (0.941 to
1.000) analyses, demonstrating that structural
complexity and logical complexity tend to increase
together rather than inversely. This finding contradicts
the initial assumption of an inverse relationship and
instead supports the principle that architecturally
complex systems also tend to have more complex
control logic, creating a compounding effect on overall
system complexity.

Modularity-specific relationships reveal that Dense
Structure (DS) operates differently from other
architectural smells, primarily affecting component
coupling rather than logical complexity. DS shows a
significant negative correlation with Coupling of
Components Conformance (CCC) in Spearman analysis
(r = -0.893, p = 0.016), while exhibiting weak
correlations with CC. This pattern suggests that dense
interconnections  between components  primarily
undermine modularity compliance and system
cohesion, making DS a specialized indicator for

architectural modularity issues rather than a general
complexity predictor.

Weak or inconsistent relationships characterize several
metrics that show limited correlation strength or
conflicting results between correlation methods.
Feature Concentration (FC) and Scattered Functionality
(SF) consistently exhibit weak and statistically
insignificant correlations across all analyses, suggesting
these smells may reflect architectural design concerns
that cannot be effectively captured through class-level
CK metrics or 1SO 25010 modularity criteria.
Additionally, Lack of Cohesion in Methods (LCOM)
demonstrates inconsistent behavior, showing strong
positive correlation with CC in Pearson analysis (r =
0.843, p = 0.035) but much weaker correlation in
Spearman analysis (r = 0.486, p = 0.329), indicating
potential non-linear relationships or context-dependent
interactions between class cohesion and control
complexity.

Method consistency analysis reveals high agreement
between Pearson and Spearman approaches for the most
critical relationships, particularly those involving CD,
Al, GC with structural metrics, and the relationship
between key CK metrics and CC. This consistency
validates the robustness of these findings across
different statistical assumptions. However,
discrepancies observed in LCOM correlations and some
DS relationships highlight the importance of
considering both linear and non-linear dependencies
when interpreting software quality metrics.

In summary, this study followed a structured workflow
that began with selecting six diverse open-source Java
projects, extracting CK metrics, 1ISO 25010 modularity
indicators, and architectural smells, and then
performing correlation analysis using both Pearson and
Spearman methods. The intended outcome of this
process was to clarify the interplay between structural
metrics, modularity, and design anomalies. The results
confirmed that certain architectural smells, particularly
Cyclic Dependency, Ambiguous Interface, and God
Component, are strongly correlated with higher
structural and logical complexity, while CK metrics
such as WMC, DIT, and NOC consistently predict
increases in cyclomatic complexity. At the same time,
Dense Structure was found to undermine modularity
compliance, whereas Feature Concentration and
Scattered Functionality showed limited measurable
effects. These findings establish practical priorities for
software quality management, where development
teams should focus on detecting and addressing the
most critical smells while using key CK metrics as early
warning indicators. Preventive measures that target
structural design issues can therefore reduce overall
system complexity, improve maintainability, and help
manage technical debt more effectively.

4, Conclusions

Overall, the discussion highlighted that software
modularity, structural complexity, and architectural
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smells are deeply interconnected. The correlations
observed across multiple projects reveal consistent
patterns where certain metrics and smells dominate in
shaping system quality. This provides the foundation
for a comprehensive understanding of the relationship
between software quality metrics and architectural
smells in object-oriented systems, with significant
practical implications for software development.

Analysis of six Java open-source projects revealed that
structural complexity metrics such as Weighted
Methods per Class (WMC), Depth of Inheritance Tree
(DIT), and Number of Children (NOC) can serve as
reliable early indicators for predicting increases in
system logical complexity. These findings enable
development teams to identify potential architectural
issues before they become critical, allowing for more
effective and efficient preventive measures.

More importantly, this study identified three
architectural smells that have the most destructive
impact on system quality: Cyclic Dependency (CD),
Ambiguous Interface (Al), and God Component (GC).
These three smells are not only strongly correlated with
a decrease in modularity, but also have a cascading
effect that increases the overall complexity of the
system. Conversely, smells such as Feature
Concentration (FC), Scattered Functionality (SF), and
Dense Structure (DS) exhibit more limited and
inconsistent impacts. Understanding this hierarchy of
priorities enables developers and software architects to
allocate code improvement resources more
strategically, focusing on issues that provide the highest
return on investment in terms of improved
maintainability and system quality.

The practical contribution of this research lies in
providing a framework that can be directly applied in
everyday software development practices.
Development teams can use a combination of CK
metrics and architectural smell detection as an early
warning system, enabling them to make more informed
architectural decisions and perform more measurable
maintenance. This not only improves short-term
software quality but also reduces technical debt and
extends the lifecycle of software systems.

For future research, it is necessary to expand the scope
of analysis to more diverse programming languages and
application domains to enhance the generalizability of
the findings. Longitudinal studies observing the
evolution of metrics and architectural smells over time
will provide valuable insights into patterns of
architectural decay and software aging. Additionally,
integration with runtime attributes such as performance
and fault-proneness, along with the development of
predictive models based on machine learning, will open
opportunities for more proactive and automated
systems for detecting and preventing architectural
smells.
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