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A System Dynamics Approach for Modeling
Cognitive Process of Construction Workers’ Unsafe Behaviors
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"Department of Architecture and Architectural Engineering, Seoul National University

Abstract : Finding causes of workers' unsafe behaviors is important to prevent construction accidents because 80 percent
of accidents occur by workers unsafe behaviors, In this regard, this research aims to investigate possible reasons of
workers” unsafe behaviors based on workers' cognitive process model using System dynamics, This study is based on
two ways of workers' cognitive process which are in relation to hazard perception and failure of hazard perception,
Based on existing literature, causal loops for workers' cognitive process are developed to explain workers' habituation by
staying out of accidents, safety learning by experience, failure of hazard perception, and attitude change by accidents,
The interactions between the developed loops provide managerial insights to reduce workers” unsafe behaviors from
a safety manager’s perspective including increasing the probability of workers’ hazard perception through knowledge
management, maintaining workers positive attitude toward safety, and controlling first—line supervisors to eliminate
workers’ unsafe behavior, The research allows us to better understand the causes and solutions of workers™ unsafe

behaviors in workers’ cognitive perspectives.
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Fig. 1. Studies on long term development of safety
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Fig. 2. Approaches to reduce workers’ unsafe behavior
(Modified by Dejoy, 2005)
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Fig. 3. Worker’s hazard cognitive process
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Fig. 4. Worker’s hazard perception
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Table 1. System dynamics legends (Sterman, 2000; Park et al., 2009)

Legends Explanation
+ When factor A increases(decreases),
A———» B when other ) : )
- factor B increases(decreases)
conditions
When factor A
- are the .
A—» B same increases(decreases), factor B
B decreases(increases)

A _|_" B Including weighted delayed time
S Define the rate of change in system states and
Flow control quantities flowing into and out of stocks
3= —Z— X Define the state of a system and represent
stored quantities
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oFH EA4) (Proper Safety Controls) — 23} (Outcome)

2) Y%t AlBHExposure Hazard) — 9§ 214(Hazard
Perception) — 2]&== 8=(Intended Behaviors) — 214
3} oFA EA)| (Improper Safety Controls) — Z¥HOutcome)
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Variables and relationships (affects/affected by column to row)
HP  FHP I UB NAE SK WAS A

HP + I+
FHP +/ /-
I I+ -/ /+
uB [+ /- +f +/
NAE /+ -/ /-
SK +f -/ /+
WAS +/ /- /+
A I+ -/ o

Note: HP=Hazard Perception; FHP=Failure of Hazard Perception; I=Intention for
Safety Behaviors; UB=Unsafe behaviors; NAE=No Accident Experience with
Unsafe Behaviors; SK=Safety Knowledge; WAS=Workers' Attitude toward Safety;
A=Accidents

Fig. 5. Analysis of variable and relationships
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(Mitropoulos et al., 2005; Fang et al., 2016).
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1990).
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Atti;ude \

Subjective Intention Intended
Norms Behavmr

!

Perceived
Behavior
Control

Fig. 6. Theory of planned behavior (modified by Ajzen, 1991)

O %= (Intention)= 1415 ol th-3517] $1gt 9] =
olth, & Y= P5ol it 5712k & 4= Sk, 27] s
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i), vt Fig, 63 o] A2l 3)E0]&(The theory
of planned behavior)o] W= 3=of ot =t =
(Attitude), 24 5 (Subjective Norms), A2/ A7+
(Perceived Behavior Control)2] Zgtof uje} A4t F
A Ajzen, 1991).

Bi== oA sl tisf 7ilo] 7};‘]1 Q= Al (belief)
o|tKShin et al,, 2014), Hjxof F&S = 4 Y= 84
L xR EeE 4 O‘G(Tlmer et al,, 2014; Fang et
al., 2016). A HAI= o} T W-S(safety—related
belief) o]cHFang et al., 2016). o= A3} LAY 7FsAdxt =+
dAFe] Hi=E Attt 24 AMEE ARle] 2
A (Wearabi]ity of personal protective equipment)®|t}, ©]
= ZgH|o] 28 wet AR RS =2 4 ol
olo]| whe} okdo| that Bt 7= o]tk Bohm et
al., 2010; Shin et al., 2014), A= 2F Ly U2
(operation pace—related beliefs)©|tHFang et al., 2016). ©]
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Workers' Attitude

toward Safety
azard Perception
(\'F + (RI,

Intention for Safety No Accident Experienc

Behaviors Habltim{mn with Unsafe Behaviors
by Staying
out of Accidents + =
- . Accidents
nsafe Behaviors
+
Failure of Hazard,
Perception

Fig. 7. Habituation by staying out of accidents loop

2FARLe] BQPHgE s Eo] Qhdgt ds
e oz g2 =AU SRS BE
2 o]ofA| 2= Y=t Afsi= AR EQbd FEnt of
et =1 Aol d9e] e 77 SR E S f WAek
Fig, 7ol oJotd 2Rpe] ket 5ol FAlE &
3 EQAsH 323%(No Accident Experience with Unsafe
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Fig. 11. Workers' cognitive process model of unsafe behaviors
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