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Abstract: In construction engineering, there are many interactive and decision-making behaviors
which could affect the progress and final performance. Based on the people-oriented concept, man-
aging construction engineering should not ignore the understanding of individual behavior, and
neuropsychology provides a refined microscopic perspective. This paper employed a bibliometric
analysis of 1254 studies from the Web of Science related to behavioral research in construction en-
gineering management using VOSviewer and summarized the neuropsychological mechanisms
and research methods of behavior by systematic review. This paper found that: (1) Neuropsycho-
logical mechanisms of behavior include basic mechanisms about the brain and function and range
from sensory to decision processes. Core factors are the functional ingredients. (2) Behavior research
in construction engineering management is turning to neuropsychological experiments. Under-
standing the complex correlation mechanisms are the research trends in recent years. (3) Construc-
tion engineering management studies provide the means and methods to improve the validity and
efficiency of management in the construction industry. The results confirm the impact of sensory
perception on behavior and managerial performance. (4) The research trend in this field in the fu-
ture is multidisciplinary. In total, this paper provides a potential effective reference for improving
the performance of construction engineering management, developing sustainable construction
production and consumption, and building a people-oriented livable city.

Keywords: construction engineering; management; behavior; neuropsychology; bibliometric anal-
ysis

1. Introduction

People have been thinking about themselves and understanding their behaviors
since ancient times, and this is reflected in ancient Western and Eastern culture. However,
limited by science and developing technology, it has mainly manifested in the level of
philosophical thinking. Modern science has shown that all human behaviors are insepa-
rable from neural mechanisms. It has become common knowledge that the brain controls
human behavior. However, understanding how it works requires thinking about the na-
ture of the mind, the representation of emotions, and the responsibility for behavior [1].
The development of neuroscience and modern technology provided more possibilities for
the theoretical exploration and practical application of neuropsychology.

In the relationship between the brain and behavior, the early positions were mainly
localizationism and equipotentialism [2]. Localism believes there is a connection between
certain areas of the brain and specific behaviors, for example, movement and perception.
Meanwhile, other research argues behavior has more of a quantitative role than the type
and location of brain tissue. Modern neuroscience rejects the extremes of these two opin-
ions but draws inspiration from both and merges them. Recognizing the crucial role of
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the brain in behavior, the research of medicine and psychology began to consider using
behavioral interventions on brain damage diagnosis, evaluation, and repair [3].

Neuropsychology in behavioral research refers to applying neuroscience theories,
techniques, and methods to better understand the process of individual behavioral deci-
sion-making and results [4]. Similar behaviors within and among individuals may result
from different underlying neuropsychological mechanisms that are imperceptible to
many traditional research methods [5]. There is a view that objective neuropsychological
data are less susceptible to subjective bias and are therefore more reliable than self-reports
[6]. However, interpreting objective data needs to be undertaken with rigorous neuropsy-
chological knowledge, and plenty of reported information can often help. In this sense,
the self-report of the subjects can have a better auxiliary effect. Therefore, more research-
ers preferred the mixed method of combining self-report with experimental measurement.

In construction engineering management (CEM), many interactive and decision-
making behaviors exist in actual works; for example, communication among workers, in-
teraction between workers and equipment, spatial relationships between workers and the
environment, and behavioral decisions that occur in the construction. All these critical or
daily behaviors could affect the progress and the final performance of the construction
project. As proof, safety and risk control in the construction progress is of great concern
to both academia and industry. In past research and practices of CEM, managers paid
more attention to structure, material, and the use of technical tools, and sometimes as well
as the construction process control and standardization of workers’ operating behavior.
Instead, they focused little on the effects of human neurological function and psychologi-
cal feedback on behavior. Recently, researchers have begun to explore the influence of
neuropsychological factors on personnel behavior, especially the factors related to con-
struction engineering, including physical fatigue [7], mental fatigue [8], attention failure
[9], and others. However, there is still a lack of neuropsychological considerations in the
preliminary design, operation, supervision, and acceptance of construction engineering
management.

This review implemented people-oriented development and humanistic care and
tries to offer a systemic outline of human behavior research in construction engineering
management from the perspective of neuropsychology. Furthermore, we tried to deeply
understand the intrinsic neural mechanisms and psychological response of a person par-
ticipating in construction engineering. The target is to improve work performance and
management effectiveness from a micro-scale, and aims at more intelligent, refined, and
humanized construction engineering management practices.

The remainder of this paper is organized as follows. Section 2 describes the research
design and method employed in this study. In Section 3, we briefly introduce the neuro-
psychological mechanism of behavior, and the relationship between neuropsychology
and CEM. Section 4 describes the neuropsychological methods and their application in
CEM. Section 5 discusses the behavioral turn of the experimental method. Moreover, we
generalize current findings of behavior research in the CEM field and try to reveal the
complex correlation mechanisms of neuropsychology, individual behavior, and CEM. As
a result, Section 6 summarizes the review and presents potential future trends, as well as
discusses the contributions and limitations.

2. Research Design and Methods

This research is composed of quantitative bibliometric analysis and qualitative sys-
tematic literature reviews (Figure 1). On the one hand, we undertook systematic literature
reviews to reveal the theory and method of neuropsychology and its implication in the
CEM field. The procedures were carried out by the authors manually and the analysis was
mostly qualitative description. The results of systematic literature reviews are shown in
Sections 3-5, where we generalized the neuropsychological mechanisms and methods,
and compared the advantages and disadvantages in detail. Then we reviewed their
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application in CEM, and discussed the changing methods, hot issues, and trends. Further-
more, a correlation mechanism was generated for future research.

Introduction Potential association
Neumipsycholopy Neuropsychological mechanism Neuropsychologicalmethod
Bastor Meadiaiifimetsg Tradition: Subjective evaluation and
self-report
Behavior - -
research Process: Perception, Recognition, Current: Precise exam and image
& Decision technology
Experimental Factors: Attention, Emotion, Learn, Future: Wearabledevice and
science Memory, Action computer simulation
Method Turn Hot Issues and Trend Generalization
\‘('k”ﬁl’f . "r’kn_“ mat Empirical science to Bibliometrics analysis Correlation
ering experimental science through VOSviewer mechanism
management
Conclusi d
one llSlO[.l an Multidisciplinary | | Merge of subject and object
prospection :

Figure 1. Research framework.

On the other hand, we employed a bibliometric analysis of 1254 studies from Web of
Science using VOSviewer. The bibliometric methodology encapsulates the application of
quantitative techniques on bibliometric data [10,11]. Bibliometric analysis is useful for de-
ciphering and mapping the cumulative scientific knowledge and evolutionary nuances of
well-established fields by making sense of large volumes of unstructured data in rigorous
ways [12]. In this research, bibliometric study was used to survey retrospective perfor-
mance and science of the behavior research in the CEM field from a neuropsychological
perspective. The scope for this study was large enough with thousands of papers to war-
rant bibliometric analysis [12,13]. We chose a bibliographic coupling technique for perfor-
mance analysis of countries (regions) and journals in the present situation and selected
the co-occurrence analysis for notable words for future research directions. To collect the
data, the authors consulted the literature and brainstormed to identify relevant combina-
tions of search terms. Finally, terms were combined with construct, build, architect, engi-
neer, manage, behavior, neuro, psychology, brain, experiment, mental, perceptive, per-
ception, cognitive, cognition, neuroscience, and neuroergonomic. Then, the bibliometric
analysis was run, and the findings are mainly reported in Section 5.

3. Neuropsychological Mechanism of Behavior
3.1. Basic Mechanism: Brain and Function

The cerebral cortex of the human brain is roughly two cerebral hemispheres in a lon-
gitudinal division. When assuming normal right-handedness, the left hemisphere controls
the right side of the body, while the right hemisphere controls the left side. In cognitive
processing of information, the left hemisphere shows a more sequential fashion, and the
right hemisphere appears in a simultaneous manner. Therefore, the left hemisphere is bet-
ter at dealing with language material, and the right side is good at planning visual space,
learning, and adapting to new situations.

The sulcus also divides the brain into parts. The area anterior to the central sulcus is
the frontal lobe, and posterior to the central sulcus lies the temporal, parietal, and occipital
lobes. The behavioral outputs associated with the frontal lobe include motor program-
ming, abstraction, planning, and self-regulation. The temporal lobes mainly link to the
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auditory channel. The parietal and occipital lobes correspond to somatosensory and visual
stimuli [3,14]. As Figure 2 shows, in electroencephalogram (EEG) experiments and analy-
sis, researchers often divide the brain into 21 electrode positions, which correspond to
different function divisions by the international 10-20 electrode lead system [15]. In the
EEG electrode system, odd numbers represent left and even numbers represent right. The
prefix AF denotes electrodes of the frontal lobe and FC denotes electrodes between the
frontal and central lobes; F, T, C, O, and P denote frontal, temporal, central, occipital, and
parietal lobes; and the others such as Fp, Fz, Cz, and Pz are marker sites. For example, T8
stands for the electrode of the temporal lobe on the right side. All these channels are used
for recording and describing the application locations of scalp electrodes in an EEG test.
To better interpret the results, these channels can be divided into four groups: left cluster
(AF3, F7, F3), right cluster (AF4, F8, F4), center cluster (FC5, FC6, T7, T8), and back cluster
(P7, P8, O1, 02).

Perception behavior

EEG application locations
Eye, Ear, Nose, Mouth,

in the experiment -
P Beusorrorgans Body Surface
|
NASION Basic | | Visual, Auditory,
perception Chemical, Tactile
Comprehefnswe B Spatial, Risk, etc.
perception

|

Cognitive behavior

Blackbox — Information operating
Center Cluster B . =

|

Decision-making

Neuronalfiringand | | Functional
functional circuits ingredients

Figure 2. Neuropsychological mechanism of behavior. The electrode lead system on the left is
adapted from Wang et al. (2017), and the others are drawn by the authors.

3.2. Main Process: From Sensory to Decision

After perceiving external stimuli and cognitively processing the information, the re-
sult of individual behavior usually reveals itself as decision-making in various situations
and at different times. That is, human behavior usually goes through three main pro-
cesses: perception, cognition, and decision-making before acting (Figure 2).

Perceptual behavior includes two main stages: sensation and perception. Sensation
refers to the stage that organs receive from external stimuli. Perception indicates infor-
mation understanding and explanation, including the physiological processing of the
brain based on scientific information and psychological processing based on experience
[16]. We can classify perception as visual perception, auditory perception, chemical per-
ception (mainly olfactory and taste), and tactile perception (including pain). Based on sen-
sation and perception, researchers have proposed more comprehensive perceptual con-
cepts, such as spatial perception [17] and risk perception [18]. More studies pay attention
to the connection between self and environment, behavioral individuals and physical ob-
jects, independents, and society [19]. In the preliminary design stage of construction, mul-
tiple perceptions are involved, such as visual perception when browsing contract content
and design drawings, as well as auditory perception of noise, olfactory perception of air
quality, and tactile perception of building materials during fieldwork. During the operat-
ing stage, equipment operators often must remark on multiple areas at the same time (the
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building site in front, the control panel in hand, other workers, and equipment in the sur-
rounding areas, etc.). It is necessary to mobilize more complex perception capabilities and
maintain them for a long time, such as spatial perception and risk perception [20].
Cognitive behavior also has two views: behaviorist and cognitivism. Behaviorist
views take the neuropsychological mechanism as a “black-box”, while cognitivism re-
gards neuropsychological mechanisms as the progress of information working [21]. Cog-
nitive behavior research and empirical experience provides many ideas, such as attention
and interest stimuli, emotion arousal and valence, mental schema and classification, states
of consciousness and memory, mindfulness, flow, and others [22,23]. Cognitive behavior
also considers the interrelationships between these ideas; for example, the literature has
found a strong connection between attention and memory development [24,25]. In con-
struction engineering, researchers also explored the interrelationship between visual at-
tention and memory experimentally and validated this in building inspections [26].
Decision-making behavior is more common in marketing research. Consumer neu-
roscience is defined as the application of neuroscience theories and tools to better under-
stand human decision-making and related behaviors [4]. It is considered an interdiscipli-
nary academic branch of marketing and neuroeconomics, including decision neurosci-
ence, and is also supposed to be the intersection of neuroscience and consumer psychol-
ogy. In fact, marketing processes are also unavoidable for construction management when
requiring economic benefits. From this perspective, using relevant theories and methods
in neuroscience to understand decision-making processes in construction management is
also feasible. Behavior science ties into the design, analysis, evaluation, and choice of pro-
posals, and the visual attention and information acquisition when reading a contract.
Moreover, this includes the complex cognition of final discrimination [27,28]. For a more
precise task, the operator’s mobilization of various sensory functions of the body and the
feedback of the brain’s neural mechanisms would affect each control action [29].

3.3. Core Factors: Functional Ingredients

Motional behavior is implemented through the interaction of neuronal firing and
functional circuits. Simplified brain regions and abstract concepts are often used to organ-
ize relevant knowledge, which means using basic functional ingredients to describe neu-
ropsychological progress. Neural circuits of attention, emotion, and memory are ubiqui-
tous in decision-making [30]. Neural control of learning and motion is also produced
when a behavior takes place [31,32], which constitutes the main neuropsychological unit
of behavior analysis [33].

Attention refers to mental engagement that focuses on specific information. When
the information enters consciousness, the mind will learn about the specific items and
decides whether to act [34]. Attention is also defined as the individual’s choice of previous
information from specific stimuli in a social context [35]. As conscious visual evidence, an
approximately stable nervous system is behind attention [36]. Similarly, the neuropsycho-
logical mechanism behind visual attention is a cognitive-driven information system in
construction engineering [26]. Sweany et al. (2016) have analyzed the effects of the format
of engineering deliverables on craft performance based on empirical data [37]. They found
the 3-dimensional computer aided design (3D CAD) model can improve the accuracy of
workers’ spatial cognition and the efficiency of completing preset tasks more than 2D.
However, because of additional information of architectural textures, colors, and direc-
tions increases the cognitive burden of human beings, 3D models or virtual reality (VR)
and augmented reality (AR), etc., are not better than traditional 2D drawings in conveying
spatial information [38,39].

Learning and memory often occur at the same time because acquiring knowledge
from the surrounding environment is a key condition for memory creation. At the end of
the 19 century, German experimental psychologist Ebbinghaus used meaningless sylla-
bles to evaluate the effect of learning and memory and proposed the famous forgetting
curve. Since the 1980s, the memory system has gained more understanding. People had
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divided it into sensory memory, short-term memory, and long-term memory, and further,
divided short-term memory into working memory and reference memory, as well as di-
viding long-term memory into declarative memory and non-declarative memory (or ex-
plicit memory and implicit memory). In the field of construction engineering, limited
studies focus on environmental components and spatial cognition application and lack in-
depth exploration of memory [40,41].

The feature of emotion is intense sensory arousal associated with specific behavioral
responses, which embodies the assessment of specific stimuli related to or irrelevant of
individual or group goals [42]. Such assessment is a cognitive process that relies on the
environment or proprioception. Additionally, it is taken as an attempt to maintain, estab-
lish, disrupt, or terminate connections between the individual and environment that are
of great significance [18]. Therefore, Frijda (2009) argued that emotion is a process rather
than a state, and that it is a subconscious event triggered by evaluating relevant stimuli in
a limited dimension [43]. Moreover, this evaluation determines the strength and quality
of behavioral tendencies, physiological responses, sensations, and behaviors. Current con-
struction engineering management research has paid attention to the measurement and
evaluation of emotional situations and their impact on work operations; for instance, men-
tal fatigue [7,8] and stress [44]. Therefore, more neuropsychological analysis is still
needed.

Motion control involves neural activation in multiple regions of the cerebral cortex
and mass signal transmission by ganglions. Specifically, the auxiliary motor area found in
the inner side of the brain controls the fingers moving [45]. When a motion needs to be
completed under conditions of visual, auditory, or somatosensory feedback, the premotor
cortex of the brain will be activated to extract rich representations of sensory information
[46].

4. Neuropsychological Methods and Application

Before the neuropsychological technologies and methods led into behavior research,
researchers widely used self-reporting methods in psychology (such as interviews and
questionnaires) in behavioral research. However, the retrospective reflection of behavioral
subjects is often biased [47]. To seek more reliable and accurate measurements, behavior
researchers have been attempting biological psychology and neuropsychological technol-
ogies and methods, such as electrodermal response experiments in the 1920s and pupil-
lary dilation experiments in the 1960s [48]. Afterwards, wearable devices, such as eye-
tracking and heart rate measures, are becoming more acceptable because of their conven-
ience [49]. Recently, researchers used neuroscience techniques, with electroencephalo-
gram (EEG), functional magnetic resonance imaging (fMRI), and functional near-infrared
spectroscopy (fNIRS) as the main types, to study the emotional and cognitive responses
of behaving individuals. The results promote the behavior research based on neuroscience
and neuropsychology [30]. There are also researchers that are pointing out that the para-
digm of neuropsychology is shifting to digital neuropsychology and will form a high-
dimensional neuropsychological assessment through simulation computing [50].

4.1. Tradition: Subjective Evaluation and Self-Report

Early neuropsychological assessments rely primarily on evaluation and self-report
methods. They can often be categorized as qualitatively or quantitatively focused. Quali-
tative assessments are derived from approaches of behavioral neurology and rely on in-
tuitive insight, which requires considerable knowledge of neurology [2]. Compared to the
subjective evaluation of the evaluator, another perspective is the oral retrospective state-
ments, such as in-depth interviews, ladder interviews, and focus interviews or written
language statements of open-ended questionnaires based on self-knowledge. Quantita-
tive assessments are attributed to clinical neuropsychology, emphasizing standardized
psychometric tests. Quantitative analysis has formed various scales and tests, including
the Wechsler Intelligence Scale (WISC), Minnesota Multiphasic Personality Inventory
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(MMPI), Tactual Performance Test (TPT), Finger-tapping Test (FT), Speech Sounds Per-
ception Test (SSPT), Rhythm Test (RT), Train Making Test (TMT), and sensory perceptual
examination, etc.

In the spatial perception and cognitive behavior closely related to architecture and
construction, researchers have put forward and applied the cognitive map [51]. In prac-
tice, the cognitive map means “maps in the mind” and hypothetical constructions of map
metaphors and is the visual expression of space. Researchers have asked people to express
spatial form in the mind using painting. Passini (1984) pointed out in more detail that
cognitive maps reflect people’s cognitive and behavioral abilities in space [52]. This ability
is based on three direct manifestations—information processing, decision-making, and
task execution —reflecting the solving ability in response to spatial problems. Considering
the differences in psychological comfort, spatial anxiety, and behavioral dependence, rel-
evant staff should have higher spatial perception and expression skills [53-55]. Research
on escape behavior during fire drills has also shown that people with higher spatial abili-
ties are better able to understand building structures and symbolic representations, which
means higher building space design, disaster prevention, and condition controlling capa-
bilities [56,57].

4.2. Current: Precise Exam and Image Technology

There are three major spectrum techniques for precise examinations and images in
neuropsychological diagnosis: physical neurological exam (PNE), computed axial tomog-
raphy scan (CT), and EEG. PNE needs a standard physical examination (usually lasting
more than 20 min) and a detailed medical history, so it is usually performed by medical
professionals [58]. CT combines a computer and traditional X-ray machine to take brain
pictures from multiple locations through X-ray. Then, they are transmitted to a computer
for data conversion and analysis, resulting in a visualization of the density of different
brain tissues on a cathode-ray screen. However, despite CT having higher cost-effective-
ness, the false-negative errors still have a 50% occurrence, and so it needs to be combined
with other measurements.

EEG acquires brain wave data by attaching electrodes to specific regions of the
frontal, temporal, parietal, and occipital lobes. It can interpret brain activity based on brain
waves, and so it is more closely related to the neural activity in the brain [59]. However,
it also should be noted that since 15-20% of the normal population will have abnormal
EEGs, the results of EEG analysis may have false-positive errors. An EEG experiment
found that noise can affect the information machining process of construction workers
[60]. Under the influence of high noise, construction workers will have higher self-deple-
tion and show a behavioral tendency to seek rewards. The result means the workers need
a longer response time for behavioral decision-making, increasing the risk of hazardous
behavior.

4.3. Future: Wearable Devices and Computer Simulation

Neuropsychologists and behaviorists in the digital age have increasing access to
emerging technologies. Relying on the technological advancement of portable wearable
devices, behavioral research is no longer limited to the laboratory environment. Research-
ers can conduct behavioral experiments in real scenes and the real world, and it has been
used in some fields such as tourism, marketing, transportation, etc. [49].

Eye-tracking can explain the neuropsychological mechanism of visual perception be-
havior by recording the process of eye movement. Existing research usually visualized
tracking results through a heat map and trajectory map to illustrate potential neuropsy-
chological responses functionally and effectively. Eye-tracking research has developed
from the initial observation of appearance characteristics to accurate measurement rec-
ords and formed modern technology to analyze eye movement patterns. It has become an
important method in the research of spatial cognition, map cognition, map systems, and
other fields [61]. In construction engineering and management, wearable devices are also
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applied in research of mental fatigue, hazard detection [8,62], fairness perception [27,28],
and performance behavior [63] of construction contractors in contract signing.

Wearable and wireless EEG device systems can quantitatively and automatically as-
sess the attention level of construction workers by recording and analyzing signals of the
brain. EEG signal characteristics, such as frequency, power spectral density, and spatial
distribution, can effectively reflect and quantify the perceived risk level of construction
workers. Meanwhile, the lower gamma frequency band and left frontal lobe EEG cluster
directly and appreciably show the worker’s state of alertness [15]. Compared to fMRI and
fNIRS, EEG provides higher temporal resolution but lacks spatial resolution [64—66]. The
sampling frequency of fNIRS is relatively low (less than 20 Hz), but the spatial resolution
is higher, which is crucial for monitoring brain regions associated with mental loading
[67,68]. In empirical research, Shi et al. (2020) built a virtual industrial maintenance sce-
nario to present a human-subject experiment, and to examine the impact of information
format on the performance of a pipe maintenance task, as well as the implications of cog-
nitive costs in both working memory development (information encoding) and retrieval
(information recalling) [44]. The research aimed to establish an evaluation system for pre-
dicting engineering performance and then inspire the design of personalized training sys-
tems driven by cognition in construction engineering.

Moreover, computational simulation is considered a high-dimensional technique of
neuropsychology in the continual development of VR, AR, and mixed reality (MR). The
behavioral and social science initiative of the National Institutes of Health (NIH) high-
lights the developing scientific and technological potentials (such as new sensors), and to
enhance the characterization of neurocognitive, behavioral, emotional, and social under-
standing. Jolly and Chang (2019) considered that neuropsychological assessments that are
two-dimensional may previously have had a flatland fallacy [69]. They suggest that this
fallacy can be overcome by formalizing psychological theories into computational models,
making it capable for predicting cognition and behavior precisely. Simulating the parallel,
reciprocal, and iterative interactions between the environment and neural function of
complex behavior can enhance the ability of actual operations [50]. Building Information
Modeling (BIM) is a beneficial attempt at visualization and predictability in construction
engineering, as well as Heritage Building Information Modeling (HBIM) and BIM+. How-
ever, such models are still limited to the simulation and calculation of architecture or
building substance, while the behavior simulation and more subtle neural mechanisms
are still difficult to achieve.

As Table 1 shows, whether it is an objective measurement dominated by technical
tools or a subjective judgment dominated by self-report, each method has its advantages
and limitations. There is a growing consensus that researchers using neuroscientific meth-
ods and devices must have qualitative knowledge or experience of the phenomenon.
Then, the researchers can reasonably interpret neuropsychological indicators and the sig-
nals they represent. As Plassman et al. (2015) claim, the fullest explanation of consumer
and managerial behavior requires a combination of neuroscientific measurements and
subjective explanations [4]. When combining the methods, researchers will draw the most
productive and profound conclusions, as the advantages of one method outweigh the dis-
advantages of the other.

Table 1. Comparison of neuropsychological methods.

Methodology Specific Method Advantage Disadvantage
Richer explanatory infor-

Self-report Interview Incomplete authenticity

mation

Retrospective  Richer explanatory infor-

. Reflection bias
statement mation

Richer explanatory infor-
Cognitive map mation P y Reflection bias
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. . Richer explanatory infor-  Subjectivity of measure-
Questionnaire )
mation ments

Biological Electrodermal re-

Objective and accurate Weak stimulus response
measurement sponse

?upillary dila- Objective and accurate L.ack of criteria for expan-
tion sion
.Spectral imag- PNE Sufficient Long duration, high pro-
ing fession
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5. Behavior Research in Construction Engineering Management
5.1. Behavioral Turns of Method: Neuropsychological Experiment

In addition to focusing on economic issues such as economic benefits and cost con-
trol, engineering issues such as construction technology and schedule control must also
be given attention. Construction engineering and management also pays attention to man-
agement issues such as organizational systems and contract signing. This shows the re-
search content has gradually shifted from focusing on objects such as equipment, materi-
als, and structures, to focusing on humans; that is, the behavioral response of individuals
or organizations to system design and management processes. However, single and tra-
ditional methods inevitably have shortcomings in data acquisition or measurement, and
it is difficult to infer the influencing factors of management and decision-making.

Through scientific design and critical control, behavioral analysis and experimental
methods can improve the reliability of data and the interpretability of research results.
Figure 3 summarizes the general process of behavioral experiments and neuropsycholog-
ical experiments. Applicable experimental designs in construction engineering and man-
agement include single-station passive observation, contrast experiments, and random-
ized experiments [70]. In practical application, these experiments should ensure the con-
trollability of the environment, the systematisms of the research content, and the predict-
ability of the research conclusions. Few Chinese researchers also prefer to apply the be-
havioral experiment to construction engineering and management. For example, Li et al.
(2012) took computational experiments as a research method to discuss the multistage
group incentive problem when considering the fairness perception of individual contrac-
tors [71]. To sum up, research methods applied in construction engineering and
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management have transitioned from framed qualitative research to model-based quanti-
tative research. However, the application of neuropsychological experimental methods is
still in infancy [72].

| Research question, assumption and goals |
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Figure 3. Neuropsychological experiment process. Drawn by the authors.

5.2. Bibliometric Analysis: Countries (Regions) and Hot Issues
5.2.1. Countries (Regions) Cluster and Timing Progress

By choosing bibliographic coupling as the analysis type and countries as the analysis
unit, with the minimum number of documents as six, forty countries or regions meet the
thresholds. The countries or regions of publications are shown in Figure 4, and the ten
countries (regions) with the most publications are shown in Table 2. From the results, re-
searchers from Taiwan, China have begun to pay more attention to the neuropsychologi-
cal mechanisms of individual behavior in CEM earlier and have published some achieve-
ments. Then, American researchers have focused on this field and have published a large
number of achievements. After that, researchers from Australia, Canada, England, France,
and Spain also began to get involved in neuropsychological research and published some
achievements. In these countries (regions), Australia has the most publications. Indian
scholars then paid attention to this research topic and carried out some related research.
In the most recent time period, Italian researchers also realized the important role of neu-
ropsychology in revealing behavioral mechanisms and carried out lots of research in the
CEM field. At the same time, Chinese scholars attended to this field; these researchers
tried to introduce neuropsychological theories and methods into construction engineering
management and its behavioral research, and thus a large number of achievements have
been published.
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Figure 4. Countries (regions) and timing progress. The “Taiwan” in this figure refers to “Taiwan,
China”.

Table 2. Distribution and timing progress examples of existing publications.

Countries (Regions)

Average Publication Year

Publication Count

China 2018 370
USA 2015 263
Australia 2016 79
Italy 2018 72
Canada 2016 64
England 2016 56
France 2016 52
India 2017 48
Spain 2016 48
Taiwan, China 2013 38

5.2.2. Hot Issues and Timing Progress

By selecting co-occurrence as an analysis type and keywords as the analysis unit,

with the minimum number of occurrences of a keyword as six, 314 of 7443 keywords meet
the thresholds. These keywords and their average publication year are shown in Figure 5,
and the ten keywords with the most occurrences are shown in Table 3. From the results,
“design” is the keyword that occurred earlier at the average publication year of 2015. Then,
“model”, “construction”, and “simulation” occurred frequently near 2016. Scholars were
beginning to seek more digital technology and simulation methods in construction re-
search. Then in 2017, “behavior” became the most occurrent keyword, which suggests that
behavior research in the CEM field is fresh and hot in recent years. At this period, “per-
formance”, “management”, “system”, “strength”, and “impact” are also important key-
words, but performance and management occurred much more. It means that researchers
have paid more attention to the people-oriented perspective and cared more about the
management of the behavior of individuals, such as performance and strength.
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Although keywords related to neuropsychology such as risk perception, stress, sat-
isfaction, self-efficacy, stress, attitude, injury, and health are also present in the figure, they
are all with little occurrence. This clearly reflects that the application of neuropsychology
in construction engineering management and its behavior research is still very insuffi-
cient. To sum up, current research on construction engineering management emphasized
the analysis of behavior and has shown a tendency to focus on behavioral subjects, but
the related theories and methods of neuropsychology are still very lacking in this field.
For some research, although neuropsychological theories and methods have been applied,
construction engineering management plays a role as a mere research context. However,
in interdisciplinary research, the comparative balance between different disciplines is the
premise to accomplish complementary advantages and knowledge exchange for interdis-
ciplinary research.
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Figure 5. Keywords and timing progress.
Table 3. Keywords and timing progress examples.
Keyword Average publication Year Count
behavior 2017 261
performance 2017 139
management 2017 106
model 2016 105
construction 2016 68
simulation 2016 67
design 2015 63
system 2017 51

strength 2017 47
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impact 2017 45

5.3. Generalization: Complex Correlation Mechanism

Construction engineering management studies provide the means and methods to
examine the physical world and organizational management to improve the validity and
efficiency of management in the construction industry. Although relevant research is very
limited, scholars have explored employing neuropsychology in the behavioral research of
construction engineering management. To better understand and reveal behavior mecha-
nisms in CEM, we provide a recap in Table 4 with the examples of CEM behavioral studies
and their key methods and findings in the last five years. The main content of CEM be-
havioral studies includes hazard recognition, construction equipment-related accidents
and safety management, mental fatigue, physical fatigue, spatial and work memory,
building inspection, engineering information formats, operations and performances,
working skills, and others. The research design of CEM behavioral studies is mainly based
on experiments with different simulated conditions, such as various task settings and sce-
narios. The methods are composed of data collection technology and analysis methodol-
ogy. Neuropsychological methods are usually used for data collection such as NIRS, eye-
tracking devices, and wearable EEG systems. Some self-report methods may also be
added for subjective data collection, such as questionnaire surveys or cognitive mapping.
Information technology and statistical methods are normally taken for data analysis, such
as some deep learning or machine learning of information technology, linear discriminant
analysis, or MANOVA analysis of statistical methods.

Table 4. Current research and main findings.

Authors Year Main Content Design Method Findings
Multiple HR task i-
Neurophysiological wHpe askes expetl NIRS; Fisher score;
Zhou et al. . ment in laboratory setting . . Left PFC was more engaged
2021  mechanics of hazard ; linear discriminant
[73] and hemodynamic re- n HR

recognition

analysis
sponses

Li et al. [62]2020

Operator’s mental
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Different levels of mental fa-
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vices Vector Machine and safety performance
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Visual attention;

There is a positive relation-
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building inspection building inspection task  tracking
memory
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. o Participants reviewed the . ger pupl At &
. Engineering infor- . . . Human-subject ex- encoding, indicative of suc-
Shi, Du, & . operational instructions for . .. .
mation formats; con- " | . periment; cognitive cessful working memory for-
Worthy. 2020 . . a pipe maintenance task, Lo .
struction operations; load analysis with mation,
[29] performed the task from ) .
work memory survey was associated with better
memory
subsequent performance
A virtual reality (VR) sys- Stressful training has stron
. Industrial shutdown . Y (, )8y . & ne
Shi, Zhu, tem integrated with the impact on neural connectiv-

Mehta, & 2020
Du. [44]
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ing outcome under
stress

Virtual reality ex-

-tracking function t
eye-tracking function to periment; NIRS

simulate the operation sce-
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terns, which further effect fi-
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Xing et al.

7] 2020
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Based on the review of relevant literature findings, this paper tries to establish a be-
havioral correlation mechanism in CEM from the perspective of neuropsychology. Alt-
hough this mechanism may be difficult to cover in all research results, it can still intui-
tively demonstrate how neuropsychological mechanisms affect human behavior and ulti-
mately play a role in CEM. As Figure 6 shows, current neuropsychological research on
behavior mainly starts from visual behavior, and the main content of CEM is “risk identi-
fication” and “performance evaluation and prediction”. For example, Wang et al. (2017)
found that EEG signal properties such as frequency, power spectrum density, and spatial
distribution can effectively reflect the workers’ perceived risk level [15]. Shi et al. (2020)
found that stressful training has a strong impact on neural connectivity and gaze move-
ment patterns, which further affect final performance [44]. Some research conclusions
clearly point out specific indicators and their positive or negative effects. For example,
Shi, Du, & Ragan (2020) found a positive relationship between visual attention (fixation
time) and spatial memory [26]. However, many studies only found correlations between
certain neuropsychological causes and behavioral outcomes. It is difficult to explain more
detailed action paths, degrees, and valence, especially when the complex nervous system
of the brain is involved.
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Figure 6. Complex behavioral associations. “+” indicates enhancing or positive promotion, “~” in-

dicates weakening or negative inhibition, “unsigned” paths represent correlation only.

Eye-tracking research on visual behavior has successfully found that specific eye-
movement indicators have an indicative effect on certain perceptions and cognitive be-
haviors, resulting in improved or weakened effects. For example, the distribution and
number of fixation points can positively enhance risk perception, to identify whether the
participant can keep a high level of safety at work. Moreover, gaze time and pupil dilation
can positively promote the participant’s memory of space and task content, respectively,
and then positively promote the acceptance or building work of construction, and su-
premely help predict behavioral performance. It is worth noting the cognitive state of the
participant may not be the result of neuropsychological effects, but the cause of different
neuropsychological manifestations. For instance, mental fatigue will negatively affect
workers’ visual attention.

In addition, the results in the figure also show the effect of stress on eye movement.
When participants are under high stress, their eye movements will improve, and their
visual attention will be more concentrated in the vertical direction. It will directly affect
the acquiring of visual information. Relevant research shows that in pipeline maintenance
work of construction engineering, when the pressure load for the staff is large, the work’s
precision will reduce. The conclusion in the diagram also shows the influence of infor-
mation presentation (such as the renderings of construction) on visual attention. As 3D
presentations influence the fixation time of visual attention, there is research that found
that 3D presentations, such as 3D images, BIM models, 3D printing and virtual reality
technologies, are better than 2D planes in rendering effect.

In general, conducting behavioral research in CEM from the perspective of neuro-
psychology reflects a multidisciplinary research trend. The research in this field involves
three complex dimensions: the brain and nervous system, the construction engineering
management system, and individual and behavioral research (see Figure 7). For the re-
search field, research between the brain and nervous system and construction engineer-
ing, or between the brain and nervous system and individual behavior, is mainly explor-
ing the internal causes of external response. Research between behavior and CEM is
mainly focused on the impact on performance. The essence is the result of interaction
among the internal neuropsychological mechanisms, the external behavioral mechanisms,
and the construction engineering management mechanism. Therefore, the core of this
multidisciplinary field is the effect paths among three mechanisms. As for the science of
construction engineering management, knowledge from the four disciplines of



Buildings 2022, 12, 1591

16 of 19

psychology, neuroscience, management, and architecture should be absorbed. Moreover,
the intersection between four disciplines needs to be noticed with an interaction in mind
of combining the subjective and objective, the physical and mental, and the micro and
macro.
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Figure 7. Interdisciplinary interrelationship.

6. Conclusions and Prospection

This paper aimed to reveal the behavioral causes, behavioral performance, and the
action paths of the relevant individuals in CEM. Although the research on CEM and its
behavior based on neuropsychological theories and methods is still insufficient in volume
and incomplete in content, the predictability of its development prospects is substantively
existing. The current method has become increasingly rich, including experiments, sur-
veys and observational studies, modeling and simulations, theory building, and case stud-
ies and their various subtypes. Moreover, some researchers are often using more than one
method, which is both an opportunity and a challenge for construction engineering and
management research [70]. Introducing new theories and new technology methods for
any scientific research needs to ensure rigorous verification at every step. The derived
results need both academics and practice to test, and then such research can be advanced
with the help of new knowledge. Finally, related research can filter to daily use, to achieve
the goal of providing welfare to society.

In conclusion, this paper attempted to sort out the behavioral research in construction
engineering management from the perspective of neuropsychology: on the one hand, to
strengthen the understanding of neuropsychological theories, techniques, and methods,
and on the other hand, to explore the more refined internal relationship between construc-
tion engineering management and behavior from the perspective of micro-individuals.
Based on this knowledge, this paper tried to summarize the specific methods and conclu-
sions that can be used for reference in applying neuropsychology in the research and prac-
tice of construction engineering management.

The contribution of this paper is the carrying out of a qualitative sorting and quanti-
tative analysis based on the common goal of multidisciplinary crossover and integration.
The results can provide effective references for revealing the existing conclusions, availa-
ble methods, and future trends in this disciplinary field. In detail, this review from the
perspective of neuropsychology, focused on the working mechanism of the human brain
and nervous system, individual behavior, and construction engineering, is close to the
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needs of CEM practice. Starting from the human body, it can assist managers to formulate
more refined and humanized measures to improve the efficiency and safety of CEM.
Meanwhile, a more accurate analysis of the working mechanism between the brain and
behavior provided the reference for improving benefits of CEM. To some extent, it can
also avoid ineffectiveness and inefficiency in CEM and promotes the development of sus-
tainable construction production and consumption. Lastly, the review of human factors’
methods and research also clarifies the human behavioral mechanism, which has consid-
erable reference for designing and building a people-oriented livable city.
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