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ABSTRACT

Selecting an effective construction project manager is critical to project success, given the
complex, high-risk, and people-intensive nature of construction environments. While existing
selection frameworks emphasize technical expertise and managerial experience, behavioral
and emotional factors that influence leadership and team performance are often assessed
subjectively or overlooked. Moreover, conventional multi-criteria decision-making (MCDM)
approaches remain largely static and are not designed to capture emotion-related dynamics
during evaluation. To address these limitations, this study proposes an integrated framework
that combines a mobile interactive system for affective computing with MCDM techniques for
construction project manager selection. Facial expressions elicited during structured inter-
view scenarios are analyzed using deep learning-based emotion recognition, incorporating
both categorical emotions and pleasure-arousal-dominance (PAD)-based intensity measures
to quantify emotional intelligence objectively. These affective indicators are then integrated
with technical, managerial, and communication criteria within an MCDM framework to
generate systematic and transparent candidate rankings. The proposed approach advances
existing selection methods by operationalizing emotional intelligence as a measurable
decision attribute and embedding it within a structured decision-support system. By enabling
the joint evaluation of cognitive and affective competencies through a platform-independent
framework, this study offers a more holistic, consistent, and context-aware basis for construc-
tion project manager selection, with practical implications for improving managerial effec-
tiveness and project outcomes.
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1  INTRODUCTION

The rapid growth of construction projects has intensified the need for compe-
tent project managers, making their selection a critical challenge in construction
project management. Project managers are responsible for ensuring that projects
are delivered on time, within budget, and to the required quality standards, while
coordinating diverse teams with varying objectives and priorities. Their leadership,
decision-making, and self-awareness directly influence project outcomes, highlight-
ing the importance of assessing both technical and interpersonal competencies.

Construction projects are inherently complex and subject to uncertainty, with
risks arising from internal and external factors. Ineffective management of these
risks can result in project delays, cost overruns, and reduced operational viability [1].
Consequently, systematic risk management is essential, yet many construction firms,
particularly in developing countries, struggle to implement it due to limited tools
and processes for informed decision-making. Frameworks that integrate structured
risk management while accounting for real-world constraints are therefore
urgently needed.

Selecting an appropriate project manager is one of the most critical decisions for
construction companies [2]. Given the multidimensional nature of the selection prob-
lem, multi-criteria decision-making (MCDM) techniques are particularly suitable.
These approaches allow decision-makers to evaluate candidates across multiple
technical, managerial, and interpersonal criteria, assigning utility scores for each
criterion [3]. MCDM encompasses two main paradigms: multi-objective decision
making (MODM), which optimizes solutions in well-structured, clearly bounded
problems, and multi-attribute decision making (MADM), which addresses complex,
poorly structured problems characterized by uncertainty and evolving objectives.
Both paradigms provide a rigorous basis for systematic project manager evaluation.

Beyond technical skills, emotional intelligence (EI) and affective responses sig-
nificantly influence performance in high-stress construction environments [4].
Recognizing this, the proposed framework integrates emotion-aware indicators,
derived from facial and speech analysis using affective computing techniques,
into the MCDM process. By combining pleasure-arousal-dominance (PAD)-based
emotional intensity measures with traditional selection criteria, the framework
enables a holistic, quantitative, and objective assessment of candidates. Furthermore,
the pipeline is platform-independent, supporting deployment on both desktop and
mobile devices, which facilitates real-time or asynchronous evaluations in diverse
organizational contexts.

This approach provides construction managers with a robust toolset for incorpo-
rating both technical competencies and soft skills into hiring decisions, ultimately
enhancing project performance and managerial effectiveness.

The paper is organized as follows: Section 2 reviews relevant literature; Section 3
details the proposed methodology, including each stage of the affective computing
and MCDM components; Section 4 presents a practical application of the framework
in a construction company; and Section 5 concludes with managerial insights and
implications.

2 RELATED WORKS

Studies in [5] determine and rank the particular abilities that a project man-
ager needs to have in order to guarantee the success of a construction project.
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After a thorough theoretical analysis, 10 technical and 22 soft skills were shown
to be crucial for project managers to guarantee the success of building projects. To
assess the relative significance and connections between the indicated talents, a pre-
liminary questionnaire was employed. The expert questionnaire that followed was
evaluated using two analytical techniques: the Technique for Order of Preference
by Similarity to Ideal Solution (TOPSIS) for skills based on the success factors and
the Stepwise Weight Assessment Ratio Analysis (SWARA) for skills and the primary
success factors of the construction project. All project manager abilities were con-
sidered to be of significant importance, according to the preliminary questionnaire,
with percentages ranging from 0.7 to 0.818. Furthermore, there was a medium asso-
ciation (0.707) for technical skills and a moderate to weak correlation (ranging from
0.005 to 0.686) for soft skills. Coordination, general project management knowledge,
communication, interpersonal relationships, and organization were shown to be the
top five skills. The preference order of soft skills, as determined by the TOPSIS tech-
nique, was coordination skill (0.98), supervision (0.552), and general project manage-
ment knowledge (0.473). Legal expertise (0.672), oral skills and listening (0.369), and
planning, strategic planning, and goal setting (0.359) were shown to be the most pre-
ferred technical capabilities. The results of this study offer a framework for choosing
a project manager based on these capabilities and help those in charge of making
judgments regarding the most crucial abilities needed for a project manager.

To further enhance the decision-making process, [6] uses a combination of deep
learning and MCDM techniques to solve the managers’ selection issue. As a result,
several methods will be examined and contrasted, including convolutional neural
networks and other algorithmic modifications. As part of the input, the emotion in
our face’s emotion recognition intensity value will be sent to MCDM, which will
ultimately produce an impartial and high-quality decision. By including EI in the
decision-making process, it is expected that this study will help companies find the
ideal candidate for construction project managers and streamline and implement
an efficient hiring process. As a result, this study is in line with the national construc-
tion agenda under the Construction 4.0 Strategic Plan (2021-2025), which calls for
adjustments to be made in the construction sector in line with the quick advance-
ment of technology and more intelligent systems. It places a strong emphasis on
improving skills and knowledge in addition to using digital technology.

Another approach in similar studies is presented in [7], which chose a project
manager based on soft talents using fuzzy logic. A focus group interview was used
in the first step to determine the weights based on the chosen list of soft talents. The
fuzzy TOPSIS logic was used in the second stage. A closeness coefficient is estab-
lished to ascertain the ranking order of all options in accordance with the fuzzy
TOPSIS idea. The outcomes made it possible to create the framework known as
“fuzzy TOPSIS-ranked multi-criteria” for choosing the best applicant based on the
chosen profile and criteria. This study’s contribution is to enable the assignment
of values to soft talents, which are essentially subjective. This framework is user-
friendly, requires little investment, and can be modified for many situations.

3 METHODOLOGY

This study proposes a structured methodological framework that integrates
affective computing with MCDM to support construction project manager
selection. The framework is designed to promote systematic evaluation, objec-
tivity, and reproducibility, while extending conventional selection practices by
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incorporating emotion-aware indicators. Figure 1 provides the working design of
the proposed model.
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Fig. 1. Working design of the proposed model

3.1 Candidate selection and data collection

Within the proposed framework, a group of selected construction project man-
ager candidates are to be evaluated through a structured selection process. Each
candidate is expected to participate in a standardized interview session containing a
problem-solving exercise designed to elicit both technical responses and emotional
reactions. Multiple data sources were collected for each candidate, including pro-
fessional background information, technical and managerial assessments, and
affective data.

The decision criteria employed in this study are derived from the empirical find-
ings of [8], [9], in which senior managers from eighteen major construction orga-
nizations were surveyed to identify factors used in construction project manager
selection. The criteria summarized in Table 1 represent consolidated industry
perspectives and form the baseline inputs to the proposed MCDM framework.
This study extends the original criteria by operationalizing emotion-related factors
through affective computing, enabling their inclusion as quantifiable decision
attributes.

Professional and demographic attributes, such as age, educational background,
totalwork experience, experience asaproject manager, experience in similar projects,
and project success rate, will be recorded [10]. Technical competency, leadership
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ability, risk management capability, decision-making skill, and communication per-
formance will then be evaluated using standardized assessments and expert panel
reviews. All collected attributes will be structured and normalized to facilitate their
integration into a unified decision matrix for subsequent MCDM analysis.

Table 1. Candidate parameter description for CPM selection

Category Criterion Possible Options/Scale
1 Technical & Professional | Total years of experience 0-45 years
Background . .
Years of experience as a project manager | 0-30 years
Years of experience in similar projects 0-30 years
Project success rate 0-100%
Technical competency score 0-100 points
2 Educational Background | Highest academic qualification Diploma — B.E - M.E — PhD
Field of specialization Civil — Mechanical — Electrical
Professional certifications None — PMP — PRINCE2
— Six Sigma
3 Demographic Features | Age 25-70 years
4 Managerial Abilities Leadership ability score 0-100 points
Team management capability 0-100 points
Risk management ability 0-100 points
Decision-making skill 0-100 points
5 Communication & General communication skill 0-100 points
Soft Skills . . . .
English communication skill 0-100 points
6 Affective Emotional Intelligence Score (EIS) 0—1 (Fused Score)
Computing Outputs
7 Overall Evaluation Overall MCDM score 0-1 (Composite Score)

3.2 Affective computing component

The affective computing component of the framework is designed to extract
emotion-related indicators from facial data captured during structured interview
scenarios. To enhance the granularity of emotion modeling, a hybrid multi-learning
approach is adopted, integrating categorical emotion labels with PAD [11] annota-
tions. Categorical labels capture discrete emotional states (e.g., joy, anger, and sad-
ness), while PAD provides continuous measures of emotion intensity and subtle
variations within each category. For instance, Joy can manifest as calm contentment
or intense elation, which categorical labels alone cannot distinguish. By incorpo-
rating PAD dimensions, the framework preserves interpretability while enabling
quantitative assessment of emotional intensity, a critical input for evaluating
emotional intelligence (EI) criteria, which are otherwise subjective.

PAD-based emotional intelligence annotation. Fourteen emotions were
selected to capture the full spectrum of affective states relevant to project man-
agement and interpersonal evaluation: amusement, anger, anxiety, interest, joy,
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sadness, surprise, disgust, fear, trust, anticipation, love, shame, and pride. Covering
positive, negative, and motivational states, this set ensures comprehensive repre-
sentation across valence and arousal dimensions critical for assessing emotional
intelligence. The selection is grounded in the Geneva Emotional Competence Test
(GECo) [12], a validated tool for measuring workplace EI, ensuring that the chosen
emotions reliably reflect affective responses central to professional decision-making
and interpersonal effectiveness.

Each emotion is mapped to a three-dimensional PAD vector, where Pleasure (P)
reflects valence, Arousal (A) represents activation, and Dominance (D) indicates per-
ceived control or influence. Expert-annotated PAD values serve as reference points
for model training and allow the translation of facial expressions into numeric EI
indicators, providing an objective foundation for candidate assessment. By convert-
ing subjective emotional competence into quantified scores, the framework supports
multi-criteria decision-making in candidate selection, linking emotional expression
directly to measurable EI criterion.

Facial emotion recognition. Facial emotion recognition will be conducted
through a multi-stage pipeline designed to capture both static facial characteristics
and dynamic emotional variations as depicted in Figure 2. The proposed pipeline
integrates facial preprocessing, deep feature extraction, optical flow-based motion
analysis, and temporal aggregation to support robust emotion modeling in inter-
view-based assessment scenarios. This pipeline is platform-independent, allowing
implementation on desktop or mobile devices for flexible, real-time emotion
assessment.

Preprocessing

Temporal aggregation

MCDM fusion

Feature extraction

Classification

Fig. 2. Facial emotion recognition pipeline of the proposed model

Facial preprocessing is proposed to be performed using the OpenFace [13] toolKkit,
which enables face detection and 68-point facial landmark extraction. Face align-
ment and data augmentation techniques, including rotation, scaling, and translation,
will be applied to improve robustness against pose variation and environmental
noise. These steps are intended to simulate real-world interview conditions and
reduce potential overfitting.

Following preprocessing, facial feature extraction is proposed to employ a con-
volutional neural network (CNN) using a transfer learning strategy. A pre-trained
CNN architecture is intended to be initialized to leverage generalizable facial rep-
resentations learned from large-scale datasets. The network is then proposed to be
fine-tuned using the existing interview facial dataset to learn task-specific features
relevant to emotion recognition. Within this framework, the CNN is designed to
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jointly predict categorical emotion labels and continuous PAD values, enabling a
multi-task learning approach that integrates both classification and regression objec-
tives. Specifically, categorical emotion prediction is proposed to be optimized using
a cross-entropy loss function, while PAD dimension estimation is optimized using a
regression-based loss function, such as mean squared error. The combined loss for-
mulation is intended to preserve categorical interpretability while simultaneously
modeling emotional intensity and control levels captured by the PAD dimensions.

To further enhance sensitivity to subtle emotional cues, optical flow anal-
ysis based on the DeepFlow [14] algorithm is proposed to estimate facial muscle
movements across consecutive video frames. This component is intended to facili-
tate the detection of micro-expressions and rapid emotional transitions, which are
particularly relevant in interview and problem-solving contexts where emotional
states may fluctuate over time.

Finally, temporal aggregation mechanisms are proposed to address emotional
variability across interview sequences. Sequential modeling techniques, including
CNN-LSTM architectures and sliding window strategies, are intended to capture dom-
inant emotional patterns and derive stable, representative emotion intensity values
over time. These outputs include both categorical predictions and PAD-based inten-
sity indicators, which are then translated into quantitative EIS for each candidate.

3.3 Integration with MCDM Component

The emotion intensity values and emotional intelligence indicators generated
by the affective computing module are incorporated into the MCDM framework as
evaluation criteria. A hierarchical decision structure is proposed, consisting of main
criteria and sub-criteria representing technical, managerial, communication, and
affective dimensions. Emotional intelligence and emotion intensity are explicitly
positioned within the hierarchy to complement conventional assessment measures.

Established MCDM techniques, TOPSIS [15] and VIKOR [16], will be employed to
process the integrated decision matrix and generate candidate rankings. These meth-
ods are selected due to their demonstrated capability to handle multiple, potentially
conflicting criteria while producing transparent, interpretable, and robust ranking
outcomes. TOPSIS excels in identifying candidates closest to the ideal solution by
considering both positive and negative criteria simultaneously, whereas VIKOR
emphasizes compromise solutions, balancing trade-offs among competing criteria
and facilitating consensus-based decision-making. The integration of these MCDM
techniques is motivated by the premise that candidates with higher emotional intel-
ligence, quantified through PAD-based (Pleasure-Arousal-Dominance) affective
indicators, are more likely to exhibit competencies like effective leadership, com-
munication, and decision-making, widely acknowledged as critical in construction
project management yet insufficiently captured through conventional assessment
methods alone.

4  DISCUSSION

This study contributes to the ongoing effort to improve construction project man-
ager evaluation by demonstrating how affective computing can be meaningfully
embedded within a MCDM framework. While previous studies have consistently
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highlighted the importance of technical competence and managerial experience,
emotional and behavioral dimensions have often remained implicit or subjectively
assessed. The findings of this research reinforce the view that emotional intelli-
gence is not merely a complementary trait but a measurable capability that can be
systematically incorporated into formal decision-support systems.

A key methodological contribution of this work lies in translating affective behav-
ior into quantifiable decision inputs. Rather than relying on self-reported emotional
intelligence scores or unstructured interview impressions, the proposed framework
captures facial expressions during standardized interview scenarios and maps them
toboth categorical emotions and continuous PAD-based intensity measures. This dual
representation allows subtle emotional variations such as differences in emotional
regulation or dominance under pressure to be captured in a way that categorical
labels alone cannot achieve. As a result, emotional intelligence is operationalized
as an observable and continuous construct, strengthening its role within structured
evaluation processes.

The integration of these affective indicators into TOPSIS and VIKOR further
enhances the practical relevance of the framework. By positioning emotional
intelligence alongside technical, managerial, and communication criteria, the
selection process more closely reflects the realities of construction project lead-
ership, where decision-making, stress management, and interpersonal interac-
tion occur simultaneously. The use of complementary MCDM techniques enables
decision-makers to examine both ideal-solution proximity and compromise-based
rankings, thereby supporting balanced and transparent hiring decisions rather than
single-method outcomes.

From a managerial perspective, the proposed approach offers a pragmatic solution
to long-standing challenges in project manager selection. Construction firms often
rely heavily on experience-based judgment, which, while valuable, can introduce
inconsistency and bias. By embedding affective computing within a structured deci-
sion framework, the proposed system supports more consistent and defensible eval-
uations without eliminating managerial discretion. Its platform-independent design
also allows assessments to be conducted flexibly using desktop or mobile devices,
making the framework suitable for both centralized and remote evaluation settings.

Beyond immediate application, the framework provides a foundation for future
research into intelligent and human-centered decision-making systems. Its modular
structure allows additional affective modalities, alternative deep learning architec-
tures, or different MCDM techniques to be incorporated with minimal disruption. This
adaptability is particularly valuable in construction management research, where
project contexts, organizational cultures, and technological maturity vary widely.

Several limitations should nonetheless be acknowledged. Emotional expres-
sions can be influenced by cultural norms, individual differences, and situational
factors, which may affect the generalizability of affective indicators. Although PAD-
based modeling reduces some subjectivity, reliance on facial cues alone may not
fully capture internal emotional states. Future studies could strengthen the frame-
work by incorporating multimodal signals such as speech, gesture, or physiological
data; validate the model across larger and more diverse samples; and explore adap-
tive MCDM annotation schemes. In particular, the use of dynamic MCDM weight-
ing and uncertainty-aware soft-label PAD annotations, where emotional states are
represented as ranges rather than fixed values, may better accommodate cultural
variation, individual differences, and situational influences, thereby improving
robustness and generalizability.
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5 CONCLUSION

This study presented an integrated affective computing and MCDM framework
for construction project manager selection, addressing key shortcomings of tra-
ditional, static evaluation approaches. By combining deep learning-based facial
emotion analysis with PAD-based emotional intensity modeling and established
decision-making techniques, the framework enables a more holistic and objec-
tive assessment of candidates across technical, managerial, communication, and
affective dimensions.

The primary contribution of this research lies in demonstrating how emotional
intelligence can be operationalized as a measurable and actionable criterion within
a formal decision-support system. In doing so, the proposed approach strengthens
both methodological rigor and practical relevance, offering construction organi-
zations a more balanced and transparent basis for managerial selection. Future
research may extend this work through multimodal affective analysis, longitudinal
validation, and large-scale deployment in diverse construction environments.
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