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ABSTRACT
Safety cognitive risk (SCR), which has aroused extensive concern in recent years, is the
subject of many safety management studies. However, studies on the safety cognitive risk
of scaffolding workers by questionnaire survey in construction industry remain scarce.
The purpose of this study was to verify safety cognitive risk with the aim at scaffolding
workers’ unsafe behaviors in China. In order to obtain the safety cognitive risk test model,
taking working without safety belts and throwing objects from the high as specific
examples, the SPSS 17.0 (Statistical Product and Service Solutions) was used to verify
safety cognitive risk and analyze influence factors through ANOVA (Analysis of
Variance) and T test methods. The results show that the safety cognitive risk is exist,
especially evaluating the severity of injuries to others. What’s more, influence factors of
age and working tenures are not significant in the SCR. The results of this study will
provide the improvement consult and management suggestion in safety management of
scaffold.
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INTRODUCTION
Scaffold is widely used in construction that has contributed to great economic and social
benefits[1]. But at the same time, affected by environment, quality and other factors, scaffolding job
security accidents have become common in building construction[2,3]. Scaffolding workers play the main
role in the scaffolding operations, therefore, from the perspective of human unsafe behaviors, analysis of
causes of scaffolding accident is of significant importance in enhancing the level of job security,
development of safety control measures[4,5].
According to many surveys, working without safety belts and throwing objects from the high are
the familiar unsafe behaviors to scaffolding workers, which ranked the top 2 among all the accident
types[6]. Therefore, in view of the serious consequences of the accidents, in-depth analysis of causes are
necessary to set up relevant effective measures.
A lot of causes may lead to unsafe behaviors, one of which is the safety cognitive risk(SCR)[7].
Generally, scaffolding workers will assess the risks of the unsafe behaviors before they decide whether
to operate for unwilling to see anyone injured by them no matter themselves or others[8]. But most of the
situations, the subjective risk assessment of scaffolding workers are not consistent with the objective
risks[9]. And scaffolding workers will be more likely to operate unsafe behaviors once the risks of unsafe
behaviors are wrongly underestimated[10].
The cause of safety cognitive risk(SCR), generally explaining, is the lack of safety acknowledge
and experience as well as the lack recognition of dangerous results by unsafe behaviors[11]. Therefore,
young scaffolding workers with little working tenures will often underestimate risks of unsafe
behaviors[12]. In addition, unsafe behavior is of externality so that it will not only threaten the scaffolding
workers but also hurt others[13,14]. However, compared with the concern about others, the scaffolding
workers concerned more about their own profit, thus they often underestimate or even ignore the risks of
unsafe behaviors to others[15,16].
Based on the above causes, the scaffolding workers’ risk sensation is taken as a major factor in
many studies when analyzing the causes of unsafe behaviors[17]. But few scholars take special study on
cognitive risk of scaffolding workers’ two unsafe behaviors. Therefore, questionnaires are sent out to
gain risk assessment value of scaffolding workers and managers to the two unsafe behaviors, and then
take one sample T test method based on managers’ risk assessment value to quantitatively verify
whether scaffolding workers underestimate risks of unsafe behaviors. Next, variance analysis will be
taken to verify whether age and working tenures influence scaffolding workers’ risk assessment value.
At last, the risk assessment value of the two behaviors will be compared by taking one sample T test
method to verify whether scaffolding workers tend to underestimate unsafe behaviors’ externality.
RISK DEFINITION
SCR can be assessed in two aspects: possibility and severity of accidents resulted by unsafe
behaviors[18]. The traditional risk evaluation method take the product of possibility and severity as valueat-risk of the behaviors, as a matter of fact, the counting method is not accurate for the different reliance
to possibility and severity when scaffolding workers judge risks[19]. Therefore, risk possibility and
severity are verified separately.
In addition, when it comes to underestimating risks, there must be a basic value of risks as a
comparison. SCR of scaffolding workers exist when scaffolding workers’ risk assessment value is lower
than basic value. Strictly, the risk basic value should represent the value of objective risks and it can be
measured through the frequency of accidents and severity of result actually caused by unsafe
behaviors[20]. A large amount of accident data are needed to support this measurement, whereas, present
accident information management level is far from the above request in construction industry. Managers'
risk assessment value is more objective in comparison with scaffolding workers for managers have more
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abundant safety knowledge and access to full accident information. Therefore, managers' risk
assessment value is chosen as basic value.
RESEARCH PROGRAM
Research hypothesis
To simplify discourse, model parameters are listed in To simplify discourse, model parameters
are listed in Table 1. A combination of different subscripts represents the risk assessment value of
different accidents, for example, RLWB represents the workers’ total risk assessment value of accident
likelihood caused by unsafe behavior without safety belts.
TABLE 1 : Index definition
Model
parameter
R

Meaning

L

The total risk assessment value
The risk assessment value of the investigation
samples
Likelihood

S

Severity

W

Workers

M

Managers

B

The unsafe behavior without safety belts

H

The unsafe behavior throwing objects from the high

r

Research process
In the way of questionnaire start the research which is on risk assessment (possibility and
severity) of workers and managers to the two unsafe behaviors. The questionnaire is designed in LikertScale[21,22], and to each unsafe behavior, 5 options on a scale of 1 to 5 are chosen, among which 1 is on
behalf of very low value and 5 is on behalf of very high value. The higher the score, the bigger the
estimated risk.
Existence of SCR
The average risk assessment value of managers to each unsafe behavior is taken to test whether
workers underestimate risks significantly with the help of test method of single sample T. The original
hypothesis and alternative hypothesis are shown in hypothesis and alternative hypothesis are shown in
Table 2. If the original hypothesis is valid, so is the hypothesis that workers underestimate risks.
TABLE 2 : Hypothesis that workers underestimate externalities of unsafe behaviors
Tested parameters

Original hypothesis

Alternative-hypothesis

RLWB

RLWB < rLMB

RLMB ≥ rLMB

RSW B

RSWB < rSMB

RSMB ≥ rSMB

RLWH

RLWH < rSMH

RLWH ≥ rLMH

RSWH

RSWH < rSMH

RSMH ≥ rLMH

Influence of age and working tenures on SCR
According to the grouping of age and working tenures in section “Research process”, the method
ANOVA of single factor is used to test whether significant difference in SCR exists between different
age and working tenures.
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Externality of SCR
To test whether workers underestimate externalities of unsafe behaviors, the test method of
paired sample T is used in the research on the relationship between “the ratio among risk assessment
value of workers working without safety belts and risk assessment value of managers” and “the ratio
among risk assessment value of workers throwing objects from the high and risk assessment value of
managers”. The original hypothesis and alternative hypothesis are shown in The original hypothesis and
alternative hypothesis are shown in Table 3. If the original hypothesis is valid, so is the hypothesis that
workers underestimate externalities of unsafe behaviors.
TABLE 3 : Hypothesis that workers underestimate externalities of unsafe behaviors
Original hypothesis

Alternative-hypothesis

RLWB RLWH
−
>0
rLMB
rLMH

RLWB RLWH
−
≤0
rLMB rLWH

RSWB RSWH
−
>0
rSMB rSMH

RLWB RLWH
−
≤0
rLMB rLWH

Test method
Descriptive statistics analysis: By this analysis, a preliminary understanding of the basic features
and characteristics of the sample structure are made after questionnaires. Then, it’s used to encode
quantified samples data as well as analyze the mean of the various variables and the standard deviation
on risk assessment. In the result, the low mean stands for the little risk and the small standard deviation
represents the high consistency with the risk assessment of sample.
T-test analysis: T-test analysis is used to test the relationship that the ratio of two unsafe
behaviors are equal to determine whether scaffolding workers tend to underestimate unsafe behaviors’
externality.
One-way ANOVA: One-way ANOVA is mainly to test whether the risk assessment values of
different ages and working tenures are equal and to verify whether there are significant differences in the
values in all dimensions of the different samples.
RESULTS AND DISCUSSION
The sample recovery profile
Apart from the research on risk assessment of workers and managers, personal information of
workers is also in the research, including age and working tenures in construction industry and other
work area once they experienced.
TABLE 4 : List of the research sample recovery profile
Research Representative number
object
of sampling
Managers
30
Workers

150

Recovered number
of samples
27

Recovery
rate
90.00%

Effective number
of samples
25

The valid
recovery rate
92.59%

Invalid number
of samples
2

121

80.67%

106

87.60%

15

There are totally 121 scaffolding workers and 27 managers in the research. However, 15
questionnaires of scaffolding workers and 2 questionnaires of managers exist problems that present
exactly the same data or lack part of data seriously. As a result, 106 questionnaires of scaffolding
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workers and 25 question
w
nnaires of managers
m
are effective. The
T result of data and rattio are show
wn in The
r
result
of datta and ratio are shown in Figure 1. Apparentlyy, all the daata below have
h
shown that age,
w
working
tennures and work
w
area arre quite reppresentative, which cann reflect thee basic situaations of
s
scaffolding
w
workers
in China.
C

Figuree 1 : Characteeristics of scafffolding workeers

Results of riisk assessmeent
R
The assessment
a
of
o workers and
a manageers to possibbility and sevverity of acccident causeed by the
t
two
unsafe behaviors
b
is listed in Thee assessmennt of workerss and managgers to possibbility and seeverity of
a
accident
caused by the tw
wo unsafe behaviors is listed
l
in Tabble 5. From the
t mean, alll the risk assessment
v
values
are biigger than 3.00, which show
s
that rissks of the tw
wo unsafe beehaviors werre thought too be high
b workers and
by
a managerrs. However,, standard deeviations aree commonly large, even more than 1.
1 What’s
m
more,
the maaximum valu
ue differs a lot from minnimum valuue, showing that workerss and managgers have
a obvious difference
an
d
in
n realizing riisks of unsaafe behaviorss. In additioon, the risk assessment
a
v
values
of
m
managers
aree bigger than
n that of worrkers comparring the corrresponding risk
r assessmeent values.
TABLE 5 : Risk assesssment of work
kers and manaagers
Variables
rLWB
rSWB
rLW H

Minimum Values
1.00

Maxximum Valuess
5.00

Mean
ns
3.34001

Staandard deviatiions
1.0502

3.00

5.00

3.98009

0.6901

1.00

5.00

3.34002

1.1368

rSWH

3.00

5.00

3.92550

0.6124

rLWB

2.00

5.00

3.79998

1.0016

rSWB

3.00

5.00

4.18997

0.7463

rLW H

2.00

5.00

3.95998

1.0199

rSWH

3.00

5.00

4.35996

0.6375

Existence off SCR
E
The test results of single sample T beetween risk assessment values of workers
w
andd that of
m
managers
is given in The test resultss of single saample T bettween risk asssessment vaalues of worrkers and
t
that
of managers is giv
ven in Table 6. As to risk assessm
ment valuess of the fouur aspects, statistical
s
s
significance
are less than
n 0.01 (in thhe fourth rolll) and T vallue is less thhan 0 (in thee third roll), thus it is
r
reasonable
t acknowleedge that workers
to
w
havee underestim
mated risks of unsafe behaviors
b
w
while
the
n
number
of siignificance is 10%.
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TABLE 6 : Test
T results of underestimati
u
ion of workerss on risks
Variables

Tested Values

T value
v

Sttatistical one-ttailed Significcance

D
Divided
differrences

R LWB

rLMB

-4.55242

0
0.00

-0.4599

RSWB

rSMB

-2.66668

0
0.00

0.1791

R LWH

rLMH

-5.66155

0
0.00

-0.6202

RSWH

rSMH

-7.33189

0
0.00

-0.4360

T influencce of ages an
The
nd workingg tenures on
n risks assesssment
T influencce of workin
The
ng tenures to
t risk assesssment
Figurre 2 drawn by SPSS is the risks asssessment means
m
of scaaffolding woorkers with different
w
working
tenuures drawn by
b SPSS. It is clear that the four kinnds of risks assessment
a
v
values
of scaaffolding
w
workers
withh less than five years' working teenures are the
t lowest; but the moore workingg tenures
s
scaffolding
w
workers
posssess, not alw
ways the biggger risks asseessment valuues.
The statistical
s
verification results given by
b SPSS sugggests that exxcept the othher there is statistical
s
s
significance
y are 0.090, 0.871 and 0.867,
0
whichh are all biggger than 0.005. Thereforre, at the
respectively
s
significant
leevel of 5%, the
t risk assesssments of scaffolding
s
w
workers
withh different working
w
tenurres are of
R
n differencee in the threee parts. For LWH statistiical significaance is 0.0388, which is smaller
no
s
than 0.5, thus
a the level of
at
o 5% signifficance, its' thought
t
that the possibillity assessments of scafffolding workkers with
d
different
worrking tenures toward acccident causedd by throwinng objects from the highh are of differrence.

Figure 2 : Risk
R values off workers with
h different worrking tenures on unsafe beh
haviors

T influencce of ages to
The
o risk assesssment
Figurre 3 drawn by
b SPSS is thhe risks asseessment meaans of scaffoolding workeers with diffe
ferent age
levels drawnn by SPSS iss the risks asssessment means
m
of scafffolding worrkers with diifferent age levels. It
b
20 and
a 30 yearrs are not
is clear that the risks assessment vaalues of scafffolding worrkers' ages between
aalways the lowest,
l
and as for RLWWB , RSWB , RLWWH the threee kinds of risk
r
assessm
ment values, the risk
a
assessment
v
values
of scaaffolding woorkers aged between 400 and 50 turnn out to be the
t lowest; as
a for all
RLWB , RSWB , RLWH and
ffour risks asssessment values
v
a RSWH , thhe general ruule is that the
t risks assessment
v
values
of scaaffolding wo
orkers betweeen 40 and 500 years old are
a the higheest.
The statistical verification
v
r
results
givenn by SPSS suggests thhat the fourr kinds of statistical
s
s
significance
respectively
y are 0.860, 0.135, 0.086 and 0.1399, which are all bigger thhan 0.05, thhus at the
level of 5%
% significancce, the riskk assessmentt of scaffollding workeers in differrent ages arre of no
d
difference.
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Figurre 3 : Risk vallues of workerrs with differeent ages on unsafe behaviors

Tendency off externality
T
y SCR
The test
t results of
o paired sam
mples t are as shown inn The test reesults of paiired sampless t are as
s
shown
in Taable 7.. As to
o possibilityy, the numbeer of significcance is highher than 0.05, therefore,, original
h
hypothesis
thhat it is not to
t be believeed workers underestimat
u
te severity of accidents that
t unsafe behaviors
b
m cause too others can be rejected at a significaant level of 5%. When it
may
i comes to severity,
s
accoording to
s
statistics,
thee number off significancee is lower thhan 0.01 butt higher thann 0, thus thee original theory that
w
workers
undeerestimate seeverity of acccidents that unsafe behaaviors may cause
c
to otheers.
TAB
BLE 7 : Test results
r
of undeerestimation of
o workers on external risk

Paired 1
Paired 2

Variables
RLWB

R
− LWH
rLMB
rLMH
RSWB RSWH
−
rSMB rSMH

T valuess

Statisticall Significance--one-tailed

1.0290

0.1530

4.1320

0.0000

CON
NCLUSIONS
The facts
f
that sccaffolding workers
w
undeerestimate thhe risks of working
w
withhout safety belts
b
and
tthrowing objjects from th
he high provvided an important founddation for thee further stuudy on relatioonship of
u
underestimat
tion of risks and unsafe behaviors.
b
The acknowledge
a
e that underrestimation of
o risks are more
m
likely to happen among
a
inexpperienced
y
young
workeers is inaccu
urate, moreoover, the undderestimationn of risks allso exists beetween elderr workers
w lots of working teenures. Therrefore, attenttion should not be giveen only to inexperience
with
i
ed young
w
workers,
but also given to
t elder workkers.
Theree exists the problem
p
thaat the externaality of unsaafe behaviors are undereestimated byy workers
e
especially
thhat severity of
o injury to others
o
causeed by their unnsafe behaviors. Therefo
fore, the mannagement
o unsafe beehaviors maainly to cauuse external risks must be strengthhened in saffety manageement. In
of
a
addition,
safe
fety awareness of workerrs to care aboout others must
m also be strengthened
s
d.
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