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The construction industry in Iran faces challenges such as delays, cost
increases, and quality decline, a significant portion of which stems from
weaknesses in communication management among project stakeholders.
The aim of this research is to identify key factors affecting communication
weaknesses and to present a hybrid model for analyzing and predicting their
impact on the performance of construction projects. The present study
employs a mixed exploratory-explanatory approach. In the qualitative
phase, indicators related to communication weaknesses were extracted
through a systematic review of sources and content analysis of documents.
In the quantitative phase, data from 114 valid questionnaires from
employees of construction projects in Zanjan city were analyzed using
Structural Equation Modeling (SEM) and Random Forest (RF) algorithm.
The SEM model results showed that information flow, project management,
and alignment of human resources with organizational strategy have the
greatest direct impact on project performance. The machine learning model
also identified these three factors as the strongest predictive variables for
communication weaknesses and achieved a prediction accuracy of 0.87 and
an AUC value of 0.93. The combination of the two methods provided the
possibility of simultaneous analysis of theoretical relationships and
empirical prediction. The findings indicate that strengthening the project
information management system, clarifying the managerial structure, and
aligning human resources with organizational goals can significantly reduce
the risk of poor communications. The main innovation of the research is the
application of the hybrid SEM-ML approach in the context of national
projects in Iran and presenting a model that, in addition to analyzing causal
relationships, has the ability to rank and data-driven predict key factors.
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1. Introduction

The construction industry in Iran has persistently
encountered fundamental challenges such as project
delays, cost overruns, and compromised quality,
many of which are closely associated with
deficiencies in communication among project
stakeholders. Ineffective communication not only
leads to frequent rework and misalignment of
project objectives but also amplifies project
uncertainty and operational risks across different
project phases. Despite the recognized importance of
communication in project success, most previous
studies have predominantly relied on Structural
Equation Modeling (SEM) to investigate causal
relationships among communication-related factors,
while comparatively limited attention has been
devoted to the predictive evaluation of
communication performance (Alsulamy, 2025;
Baduge et al., 2022; Bahrain et al., 2023; Gamil et al.,
2023; Johansen et al., 2021, Kline, 2023). To address
this research gap, the present study integrates SEM
with a Machine Learning (ML) approach—
specifically the Random Forest (RF) algorithm—to
simultaneously explain and predict the key factors
associated with weak communication in
construction projects. The novelty of this research
lies in its hybrid methodological framework that
combines explanatory and predictive modeling, as
well as its empirical application to large-scale
national construction projects within the context of a
developing country.

2. Methodology

This study adopted a sequential exploratory—
explanatory mixed-methods design to systematically
identify and analyze the determinants of weak
communication in construction projects. In the
qualitative phase, potential indicators were first
extracted through a comprehensive systematic
literature review and subsequently refined and
validated through expert judgment to ensure content
validity. In the quantitative phase, structured
questionnaire data were collected from 114 engineers
and project managers directly involved in
construction projects in Zanjan, Iran, selected using
an appropriate sampling strategy.

Structural Equation Modeling (SEM) was performed
using AMOS software to assess both the
measurement and structural models, including tests
of construct reliability, convergent and discriminant
validity, and the evaluation of hypothesized causal
relationships among latent variables. To strengthen
the predictive dimension of the analysis, the Random
Forest (RF) machine learning algorithm was
implemented using all 27 validated indicators as
input features. Prior to model training, data
preprocessing procedures—including normalization,
outlier detection and elimination, and categorical
variable encoding—were applied to improve data
quality. A 5-fold cross-validation scheme was

employed to enhance model robustness and
generalizability. The predictive performance of the
model was evaluated using Accuracy, Recall,
Precision, Fl-score, and the Area Under the ROC
Curve (AUC).

3. Results and Discussion

The SEM analysis confirmed the adequacy of both
the measurement and  structural models,
demonstrating acceptable fit indices and factor
loadings. The results indicated that information
flow, project management effectiveness, and
alignment of human resources with organizational
strategy are the most influential determinants of
communication performance. Among these,
information flow exhibited the strongest direct
impact on project outcomes, highlighting its critical
role in coordinating activities and reducing
uncertainty.

The Random Forest model supported the SEM
findings from a predictive perspective. Feature
importance analysis ranked the same three factors as
the most significant predictors. The model achieved
an Accuracy of 0.87, Recall of 0.84, Precision of 0.86,
Fl-score of 0.85, and an AUC of 0.93, indicating
strong predictive capability despite the limited
sample size.

A comparative assessment shows that SEM
effectively explains the causal relationships among
variables, while RF provides robust predictive power
and reliable feature ranking. Their integration
enables both theoretical validation and practical risk
prediction within a unified framework. As illustrated
in Figure. 1, information flow is identified as the most
dominant communication dimension.

Figure 1. Final structural model with standardized path
coefficients.

4. Conclusions

This study proposed a hybrid SEM-Machine
Learning framework to both explain and predict
weak communication in construction projects.
Methodologically, the integration of SEM with the
Random Forest algorithm extends traditional causal
analysis by incorporating predictive capability. The
results confirmed that weak communication is a
multidimensional phenomenon primarily influenced
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by information flow, project management, and
human resource—strategy alignment.

From a practical perspective, the findings emphasize
the necessity of strengthening project information
systems, clarifying managerial structures, and
strategically aligning human resources to improve
communication  performance. The proposed
framework enables early identification and
prioritization of communication risks, thereby
supporting proactive project management.

Despite its contributions, this study is limited by its
regional scope and sample size. Future research
should employ larger datasets, apply additional
machine learning algorithms, and validate the model
across different project types and geographical
contexts.
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Figure 1. Flowchart of the hybrid approach of structural equation modeling and machine learning.
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Table 4. Analytical, instrumental, and applied innovations
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Figure 2. Final model of causal factors with
standardized coefficients.
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Figure 4. Final model of strategies and actions with
standardized coefficients.
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Figure 6. Final model of contextual factors with
standardized coefficients.
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Figure 3. Final model of the main phenomenon
with standardized coefficients.
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Figure 7. Final model of outcomes with
standardized coefficients.
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Table 5. Testing of research hypotheses
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Table 6. Results of path analysis for research relationships
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Table 7. Results of Testing research hypotheses based on structural equation modeling
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Figure 8. Final structural model with standardized coefficients.
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Table 8. Summary and explanation of the research model
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Table 9. Performance comparison of three selected algorithms in predicting communication weaknesses in

construction projects
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ROC Curve Comparison of Models
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Figure 9. Comparison of ROC curves for three
selected algorithms (logistic regression, random
forest, and XGBoost).
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Table 10. Performance evaluation metrics of the
random forest algorithm
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Table 11. Three key variables based on feature
importance in the random forest model
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Figure 10. Feature importance in the random forest
model.
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Table 12. Quantitative comparison of SEM and ML
models' performance in explaining and predicting
communication weaknesses
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