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Introduction: Perceived benefits are considered one of the significant factors 
affecting an individual’s decision-making process. Our study aimed to explore 
the influence mechanism of perceived benefits in the decision-making process 
of unsafe behaviors.

Methods: Our study used the “One Stimulus-Two Key Choice (S-K1/K2)” paradigm 
to conduct an EEG experiment. Participants (N  =  18) made decisions in risky 
scenarios under high perceived benefits (HPB), low perceived benefits (LPB), 
and control conditions (CC). Time domain analysis and time-frequency analysis 
were applied to the recorded EEG data to extract ERPs (event-related potentials) 
and EROs (event-related oscillations), which include the P3 component, theta 
oscillations, alpha oscillations, and beta oscillations.

Results: Under the HPB condition, the theta power in the central (p  =  0.016*) and 
occipital regions (p  =  0.006**) was significantly decreased compared to the CC. 
Similarly, the alpha power in the frontal (p  =  0.022*), central (p  =  0.037*), and occipital 
regions (p  =  0.014*) was significantly reduced compared to the CC. Under the LPB 
condition, theta power in the frontal (p  =  0.026*), central (p  =  0.028*), and occipital 
regions (p  =  0.010*) was significantly reduced compared to the CC. Conversely, 
alpha power in the frontal (p  =  0.009**), central (p  =  0.012*), and occipital regions 
(p  =  0.040*) was significantly increased compared to the HPB condition.

Discussion: The high perceived benefits may reduce individuals’ internal attention 
and evoke individuals’ positive emotions and motivation, leading individuals to 
underestimate risks. Consequently, they exhibited a greater inclination toward unsafe 
behaviors. However, the low perceived benefits may reduce individuals’ memory 
review, resulting in a simple decision-making process, and they are more inclined to 
make fast decisions to avoid loss. The research results can help to provide targeted 
intervention measures, which are beneficial to reducing workers’ unsafe behaviors.
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1 Introduction

Unsafe human behavior is one of the main causes of accidents (Nahrgang et al., 2011; Meng, 
2022). In 2021, the construction department of a bridge project recycled struts that had not been 
inspected for safety, and seriously violated the order of construction to save cost and raise 
efficiency, then caused several people to die in a large accident. In the same year, a truck driver 
in a certain city illegally modified his vehicle and carried people more than allowed, finally, 
resulting in a major accident with multiple deaths (China Production Safety Network, 2021). 
Unsafe behavior usually refers to deliberate choices to deviate from rules or procedures (An 
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et al., 2023). This type of behavior is usually the result of an individual’s 
decision-making that weighs safety against other potential benefits 
(e.g., time, money, etc.) (Reason, 1990).

The perceived benefits, defined as the perception of positive 
outcomes resulting from a specific behavior, are considered crucial 
factors influencing individual behavior and decision-making 
(Gellman and Turner, 2013). The Theory of Planned Behavior posits 
that the positive or negative evaluation of a specific action is the 
primary determinant of their behavior (Ajzen, 1991), and perceived 
benefits form the foundation of this evaluation (Arora and Aggarwal, 
2018). In the principles of management, high perceived benefits are 
often viewed as strong behavioral motivators (Carpenter et al., 2010). 
On the other hand, low perceived benefits can diminish the motivation 
to engage in a particular behavior. If an individual perceives minimal 
positive outcomes from a behavior, they are less inclined to engage in 
it. According to the Prospect Theory, individuals weigh potential risks 
and benefits when making decisions (Kahneman and Tversky, 1979). 
As perceived benefits increase, individuals are more likely to engage 
in these behaviors, especially when these benefits are perceived to 
outweigh potential risks (Aldag et al., 1980; Parsons et al., 1997). From 
the perspective of emotional and affective states, high perceived 
benefits are often associated with positive emotions and positive 
emotional experiences (Roeser et  al., 2012; Leung, 2013). When 
individuals perceive significant benefits from a behavior, they might 
experience feelings of joy, hope, or excitement (Tamir, 2009; 
TenHouten, 2023). These emotional responses not only make the 
behavior more attractive but also play a pivotal role in driving 
motivation toward achieving the expected outcome (Lee and Oah, 
2015). In summary, perceived benefits may shape an individual’s 
subjective motivations, emotional states, or other psychological 
factors, thereby influencing the decision-making process.

With the developments in neuroscience, many researchers have 
employed Event-Related Potentials (ERPs) and Event-Related 
Oscillations (EROs) to investigate the decision-making process. The 
behavior of an individual directly stems from their decision-making 
process (Ruggeri et al., 2019). During decision-making, individuals 
gather, analyze, and evaluate pertinent information, leading to a 
certain behavior, which is considered to be  a complex cognitive 
process (Shadlen and Kiani, 2013; Prezenski et al., 2017). Research has 
found that the P3 amplitude was an important neural marker in the 
decision-making process, closely associated with the reallocation of 
attentional resources during decision evaluation (Zhang, 2009; Na 
et al., 2019), and was sensitive to benefits valence (Zhang et al., 2017; 
Wang et al., 2020). The theta and alpha oscillations in event-related 
oscillations, in particular, reflect cognitive and memory abilities 
(Klimesch, 1999; Soltani Zangbar et al., 2020). The patterns or changes 
in theta oscillations in the medial prefrontal regions during the 
decision process may be  related to decision-related psychological 
processes and behavioral performance (Cohen and Donner, 2013). In 
addition, research pointed out that baseline EEG measures in 
particular reflected emotional traits (Davidson, 1992, 1998, 2002). 
Schutter et al. (2004) have confirmed that emotion could guide the 
decision-making process, which is reflected in changes in the alpha 
waves. Moreover, though beta oscillations are related to motor control 
(Tzagarakis et al., 2010), some studies suggest a connection between 
beta activity and emotional states (Hayashi et al., 2009; Charidza and 
Gillmeister, 2022).

Above all, perceived benefits have been proven to be a key factor 
influencing decision-making and behavior. However, in the context of 

unsafe behavioral decision-making, the profound mechanisms 
through which perceived benefits drive and regulate these decisions 
via specific psychological and neural processes remain insufficiently 
explored. Hence, in order to clarify the specific influence mechanism 
of perceived benefits on the decision-making of unsafe behaviors, this 
study designed a neuroscience experiment to record individuals’ 
electroencephalographic (EEG) signals during the whole process of 
decision-making in daily risky scenarios. Event-related potential 
techniques and time-frequency analysis methods were employed to 
analyze EEG temporal and spectral features. By delving into the 
reasons behind unsafe behavior, this study aims to provide a 
theoretical basis for behavioral interventions.

As mentioned above, we hypothesized that high perceived benefits 
and low perceived benefits will have different effects on individuals’ 
subjective motivations, emotional states, or other psychological 
factors, thereby influencing the decision-making process regarding 
unsafe behavior. These effects would be reflected in the P3 component, 
theta activity, alpha activity, and beta activity.

2 Materials and methods

2.1 Participants

Eighteen participants (11 males and 7 females), comprising 
undergraduate and postgraduate students, were enlisted for this 
compensated study. Their ages ranged from 20 to 26 years, with an 
average age of 23.11 and a standard deviation of 1.49. All participants 
were right-handed, possessed either normal vision or vision corrected 
with glasses/contacts, and had no history of psychosis or other mental 
illnesses. None had previously experienced accidents related to the 
study’s focus that resulted in injury or more severe consequences. And 
they had not consumed alcohol or caffeine 24 h before the study.

Besides, prior analysis was conducted using G*power software to 
pre-determine the required sample size. The statistical method used 
in this study was within-factors repeated measures analysis of 
variance, with an effect size set at 0.5, α value at 0.05, power value at 
0.85, and 1 group, 3 measurements. Based on the measurement 
frequency, the minimum required sample size was determined to be 9.

2.2 Materials

The stimuli used in the experiment were illustrations of risky 
scenarios, created using Adobe Illustrator. The study incorporated 
nine sets of these illustrations depicting everyday risk situations, 
including the one depicted in Figure  1. To minimize any EEG 
interference stemming from the image itself, a consistent grayscale 
design was employed, with dimensions set at 200 px × 200 px and a 
resolution of 72 ppi of decision scenarios.

2.3 Procedure

The experimental content of this study was as follows: the 
experiment was divided into the control, high perceived benefits 
(HPB), and low perceived benefits (LPB) conditions, which meant 
three decision conditions. The rules of the three conditions were as 
follows: (1) in the Control condition, when the participants made an 
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unsafe behavioral decision and no accident occurred, there were no 
additional benefits or losses; (2) in the HPB condition, when the 
participants made an unsafe behavioral decision and no accident 
occurred, there would be  benefits (simulation of choosing unsafe 
behaviors due to perceived higher benefits from such behaviors, for 
example, in production, regular shutdown maintenance of equipment 
and facilities is ignored to improve efficiency); (3) in LPB condition, 
when the participants made an unsafe behavioral decision, there 
would be losses whether or not an accident occurred (simulation of 
choosing safe behaviors due to perceived lower benefits from unsafe 
behaviors, for example, punishing illegal operation of operators in the 
process of operation). Before the commencement of each phase, 
participants were briefed on the rules and subsequently presented with 
a series of visual scenes. They were tasked with deciding whether to 
engage in unsafe behavior depicted in these scenes, with all choices 
being voluntary. To ensure a semblance to real-world conditions, 
participants could potentially instigate accidents, leading to loss. The 
accident probability in the test should be estimated by the participants 
according to experience. To facilitate experimental research, the points 
rules shown in Table 1 were designed to quantify each test condition 
by referring to relevant research (Shu, 2009). All participants in the 
experiment would get certain initial points. During the experiment, 
more points can be obtained according to the experimental rules. Of 
course, it was possible to lose some points. After the experiment, these 

points can be converted into RMB and paid to participants in the 
experiment according to certain rules.

According to the economic EEG experiment paradigm (Shu, 
2009), the specific stimulus presentation process was as follows: (1) A 
“+” symbol appeared centrally on the screen for 500 ms, directing 
participants’ focus. (2) A blank screen ensued for 500 ms. (3) Risk 
scene stimulus materials were displayed. Upon viewing, participants 
pressed designated buttons to make their choices. These stimuli 
encompassed three images: the initial decision-making scene and two 
potential outcomes based on their decisions. The two outcome images, 
which represented safe and unsafe behavioral choices, appeared at 
random positions, and participants indicated their choices using left 
or right arrow keys. (4) Post-button press, a blank screen displayed for 
800 ms, during which the program documented the selected key and 
the corresponding points. This was followed by a repeat of the “+” 
symbol. To mitigate fatigue, brief intermissions were scheduled every 
30 trials (approximately 3 min). The procedural flow is depicted in 
Figure 2.

2.4 Data recording and analysis

Behavioral data were captured using the E-Prime 3.0 stimulus 
presentation program. The EEG data were recorded by an electrode 
cap (Brain Products, GER) with 32 Ag/AgCl electrodes mounted 
according to the extended international 10–20 system. Impedances 
were maintained below 5 kΩ throughout the experiment. Data were 
sampled at a frequency of 500 Hz. The raw EEG data were 
preprocessed, and components were extracted using EEGLAB 2021.0 
toolbox and ERPLAB 8.2 plug-in in MATLAB R2021a environment. 
For raw EEG data preprocessing, the mean values of all electrodes 
were chosen for re-referencing, and the data were subjected to 1-30 Hz 
bandpass filtering as well as 50 Hz notch processing using an IIR 
digital filter. Artifacts resulting from cardiac activity, muscle 
movements, eye movements, and blinks were isolated via independent 
component analysis (ICA). These artifacts were subsequently removed 
with the assistance of the IC Label plug-in.

FIGURE 1

Risky scenarios and decision scenarios.

TABLE 1 Points rules in the experiment.

Experiment 
conditions

Behavior 
selection

Behavior 
outcome

Points 
result

HPB condition Unsafe behavior No accident 10

Accident occurs −90

LPB condition Unsafe behavior No accident −5

Accident occurs −105

Control condition Unsafe behavior No accident 0

Accident occurs −100

In this experiment, all the points obtained by choosing safe behaviors are 0.
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After the preprocessing, ERP waveforms for each condition were 
segmented based on three distinct stages. Data locked to the stimulus 
were divided into epochs, spanning 200 ms before and 800 ms after 
stimulus onset. A baseline correction was applied using the initial 
200 ms of each channel. The segmented ERP waveforms were then 
categorized and averaged according to each condition. Subsequently, 
the P3 component was isolated using ERPLAB. A comprehensive 
analysis of the brain’s ERP waveform revealed that the P3 was 
primarily concentrated in the parietal region (P3, Pz, P4). As shown 
in Figure 3, the peak of P3 appeared around 350 ms after the stimulus 
was presented. In the data analysis, the peak of the P3 component was 

extracted within 300 ms-500 ms in the time window for 
statistical analysis.

Within EEGLAB, a time-frequency analysis was conducted on the 
segmented stimulus-locked data, and the baseline correction was 
carried out using the first 500 ms of each channel. The average results 
of all participants (Figure  4) showed that the theta power during 
200 ms-400 ms was significantly higher than the baseline, and the 
alpha power and beta power during 300–1,300 ms were significantly 
higher than the baseline. Therefore, the theta power, alpha power, and 
beta power were extracted in the corresponding time window from 
the frontal (F3, Fz, F4), central (C3, Cz, C4), parietal (P3, Pz, P4), and 

FIGURE 2

Experimental procedure.

FIGURE 3

P3 Waveforms in the parietal region.
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occipital (O1, Oz, O2) regions for statistical analysis (Zhou et al., 
2023). Both behavioral data and EEG data under three experimental 
conditions were analyzed by One-way repeated measures ANOVA in 
SPSS 26. The one-way repeated measures ANOVA is a statistical 
method used to analyze the effect of a single independent variable 
across two or more different conditions on a dependent variable, 
where each participant is measured under all conditions. This method 
has been widely applied in fields such as psychology and neuroscience.

3 Results

3.1 Behavioral data

The experimental behavior data included reaction time and unsafe 
behavior tendencies. Reaction time referred to the time spent from the 
appearance of the stimulus on the screen to the participant’s key 
selection. Unsafe behavior tendency referred to the proportion of the 
number of unsafe behavior choices to the total number of trials in each 
experiment condition. The results of one-way repeated measures 
ANOVA showed that: (1) There were significant differences in the 
reaction time of participants across different conditions [F(2, 
34) = 5.951, p = 0.013, η2 = 0.259, M HPB = 1,217 ms, SD HPB = 325 ms, M 
LPB = 1,024 ms, SD LPB = 253 ms, M CC = 1,270 ms, SD CC = 218 ms]; (2) 
There were significant differences in unsafe behavior tendency of 
participants across different conditions [F(2, 34) = 19.483, p = 0.000, 
η2 = 0.534, M HPB = 43.64%, SD HPB = 0.282, M LPB = 10.93%, SD 
LPB = 0.152, M CC = 8.95%, SD CC = 0.116]. The results of the post hoc 
paired comparisons showed that the reaction time of LPB condition 
was significantly shorter than that of CC (p = 0.000*) and HPB 

condition (p = 0.037*), but there was no significant difference between 
HPB condition and CC (p = 0.545). The unsafe behavior tendency in 
the HPB condition was significantly higher than that in CC 
(p = 0.000*) and LPB condition (p = 0.000*), but there was no 
significant difference between the CC and LPB condition (p = 0.617).

3.2 EEG data

The one-way repeated measures ANOVA showed that there was 
no significant difference in the amplitude of P3 component in the 
parietal region (P3, Pz, P4) across different conditions [F(2, 
34) = 0.656, p = 0.525]. The beta power in the frontal region (F3, Fz, 
F4), central region (C3, Cz, C4), parietal region, and occipital region 
(O1, Oz, O2) showed no significant difference across different 
condition (Table 2). Both theta and alpha power showed no significant 
differences across each condition in the parietal region. However, the 
theta power and alpha power in frontal, central and occipital regions 
were significantly different under different conditions. After post hoc 
paired comparisons, the results shown in Table 3 were obtained. It was 
found that:

 1. Under the HPB condition, there was a significant decrease in 
theta power in the central (p = 0.016*) and occipital regions 
(p = 0.006**) compared to the CC. Similarly, alpha power in the 
frontal (p = 0.022*), central (p = 0.037*), and occipital regions 
(p = 0.014*) was significantly reduced compared to the CC.

 2. Under the LPB condition, theta power in the frontal 
(p = 0.026*), central (p = 0.028*), and occipital regions 
(p = 0.010*) was significantly reduced compared to the 

FIGURE 4

EEG time-frequency analysis results in three conditions taking Fz, Cz, Pz, and Oz electrode points as an example.
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CC. Conversely, alpha power in the frontal (p = 0.009**), 
central (p = 0.012*), and occipital regions (p = 0.040*) was 
significantly increased compared to the HPB condition.

 3. There were no significant differences in theta power in the 
frontal, parietal, and occipital regions between HPB and LPB 
conditions. Similarly, there were no significant differences in 
alpha power in the frontal, parietal, and occipital regions 
between the HPB and LPB conditions.

4 Discussion

4.1 Behavioral data

The results showed that under the Low Perceived Benefits (LPB) 
condition, unsafe behaviors involved lower potential benefits, leading 
to a significant reduction in individuals’ decision-making time. This 
finding was consistent with a value-based decision-making study, 
which suggested that when the value of decision options was 
significantly higher, the ambiguity in individual choices decreased, 
resulting in shorter decision-making times (Senftleben and 
Scherbaum, 2021). When the consequences of unsafe behavior were 
certain losses, individuals tended to more intuitively perceive the risks 
associated with such behavior. Therefore, the decision-making process 
tends to be simpler and more direct, with individuals not needing to 
weigh multiple possibilities, hence leading to faster decision-making.

On the other hand, the study revealed that under the HPB 
condition, there was a pronounced propensity for unsafe behaviors 
among individuals. This trend was consistent with another behavioral 
study (Parsons et al., 1997). The heightened occurrence of unsafe 

behaviors under the HPB condition could be attributed to individuals 
prioritizing potential benefits over potential risks. This inclination can 
be explained as risk preference (Mata et al., 2018) or over-optimism 
bias (Sharot, 2011). In situations offering high potential benefits, 
individuals frequently overvalue the likelihood of positive results and 
undervalue or overlook the chances of adverse outcomes. As a result, 
high perceived benefits may lead to a misjudgment of risks, increasing 
individuals’ risk-seeking tendencies and resulting in more 
unsafe behaviors.

4.2 EEG data

4.2.1 The influence of high perceived benefits
Under the High Perceived Benefits (HPB) condition, there was a 

notable decrease in frontal, central, and occipital theta power 
compared to the Control condition (CC). Researchers found that theta 
power in the midline frontal region would significantly increase in 
tasks involving internal attention (O’Neill et al., 2013; Ratcliffe et al., 
2022). Internal attention involves the selection and regulation of 
internally generated information, including the cognitive control 
required to allocate diverse cognitive resources for balancing options 
in the decision-making process and deciding on the final response 
strategy (Miller and Cohen, 2001; Chun et al., 2011). Accordingly, our 
findings suggested that under the HPB condition, the individuals’ 
internal attention was significantly decreased compared to the 
CC. This implied that individuals engaged in simpler internal 
processing and did not utilize extra cognitive resources for decision-
making thinking under the HPB condition. Moreover, another study 
indicated that theta waves were related to memory encoding, and 
successful memory encoding and recall was accompanied by a 

TABLE 2 Results for one-way repeated measures ANOVA of theta power, alpha power, and beta power.

Frontal region Central region Parietal region Occipital region

F value p-
value

η2 F value p-value η2 F value p-value η2 F value p-
value

η2

Theta 

power

3.678 0.049* 0.178 4.812 0.023* 0.221 2.435 0.117 0.125 7.222 0.005** 0.298

Alpha 

power

5.835 0.010* 0.256 5.143 0.015* 0.232 2.384 0.118 0.123 5.352 0.016* 0.239

Beta 

power

1.023 0.366 0.057 2.503 0.105 0.128 0.459 0.631 0.026 0.504 0.592 0.029

*p < 0.05, **p < 0.01.

TABLE 3 Pairwise comparison outcome of theta power and alpha power in frontal, central, and occipital regions.

Contrast 
conditiona

Frontal region Central region Occipital region

Difference /dB p-value Difference/dB p-value Difference/dB p-value

Theta power 1–2 0.317 0.141 0.291 0.016* 0.728 0.006**

1–3 0.473 0.026* 0.372 0.028* 0.851 0.010*

2–3 0.157 0.230 0.082 0.474 0.124 0.548

Alpha power 1–2 0.681 0.022* 0.517 0.037* 1.087 0.014*

1–3 −0.012 0.952 −0.089 0.602 0.234 0.369

2–3 −0.692 0.009** −0.606 0.012* −0.853 0.040*

a1, 2, and 3, respectively, correspond to the power of Control condition, HPB condition, and LPB condition; *p < 0.05, **p < 0.01.
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significant increase in theta activity in the occipital and central regions 
(Khader et al., 2010). This provided further explanation for the less 
thinking decision-making process observed in individuals under high 
perceived benefits condition, i.e., individuals called upon fewer 
memory resources for evaluation. We assumed the appeal of benefits 
likely diverted attention from potential risks, resulting in decisions 
predominantly driven by the perceived benefits and reduced 
engagement of internal thinking processes. In contrast, under the CC, 
individuals focused more on the potential risks and needed more 
cognitive resources to evaluate. This was aligned with an eye-tracking 
study, which suggested that the framing of the assessment in decision-
making (e.g., whether it involves money or not), might affect the 
distribution of an individual’s attention, which in turn affected their 
preferences and choices (Alós-Ferrer et al., 2021).

Furthermore, a noticeable alpha power decline was observed 
under the HPB condition compared to the CC. Research has 
established that alpha waves are most prominent when the brain is in 
a tranquil state, and any suppression or reduction is linked with 
increased brain arousal (Klimesch et al., 2007; Melnik et al., 2017). 
This suggested that under the HPB condition, some relevant regions 
of the brain were activated compared to the CC. A recent review of 
Alpha-band oscillations and emotion pointed out that the emotional 
modulation of alpha ERD (enhanced desynchronization) reflected the 
engagement of the motivational systems when a significant stimulus 
is detected (Codispoti et al., 2023). Accordingly, in our research, the 
high perceived benefits in the decision-making process acted as a 
significant stimulus, triggering the individual’s motivation to pursue 
benefits and emotions related to benefits. Some functional MRI 
studies revealed that regions within the midbrain, adjacent to the 
dorsal tier of dopamine neurons, demonstrated increased activation 
when presented with stimuli signaling potential benefits (Haber and 
Knutson, 2010). Thus, in our experiments, high perceived benefits 
elicited positive emotions in individuals. Slovic et al. (2007) posited 
that emotional states drove human risk assessment due to the 
widespread use of what was known as the affect heuristic in judgment 
and decision-making processes. And positive emotions usually 
decrease the perceived probability of risk events (Zhang et al., 2023). 
Accordingly, we considered that the highly perceived benefits trigger 
positive emotions in individuals, causing them to underestimate risks 
and prioritize potential benefits. As a result, individuals exhibit 
increased unsafe behavior tendencies, which could be regarded as 
risk-seeking.

4.2.2 The influence of low perceived benefits
Under the Low Perceived Benefits (LPB) condition, theta power 

in the central and occipital regions was significantly lower than in the 
CC. This meant that individuals performed fewer memory reviews 
under the LPB condition compared to the CC. We supposed that there 
might be more internal conflicts in individuals under the CC, such as 
those between experience and expectations (based on experience, a 
certain low-risk behavior was safe, but individuals might worry about 
potential adverse outcomes), leading to more internal deliberation. 
This was consistent with another study, which showed that individuals 
often experienced a significant increase in occipital theta power when 
performing tasks with high cognitive conflict (Fusco et al., 2022). 
However, under the LPB condition, given that individuals always tend 
to avoid identified losses (Farinha and Maia, 2021), the decision-
making process became relatively simple due to the face of determined 

losses. Thus, because individuals focused on the information of losses, 
they did not engage in much empirical review. As a result, individuals 
made decisions on safe behaviors in a shorter time.

In this study, both beta and P3 amplitude showed no significant 
differences. Beta is widely believed to respond to sensory and motor 
components of facial and bodily actions (Ritter et al., 2009; Angelini 
et al., 2018). Firstly, the experimental design of this study ensured that 
the decision-making actions of the participants under various 
conditions were identical, hence the results are logical. Secondly, 
although in some studies beta oscillations are related to emotional 
cognitive processes (Cooper et al., 2013; Charidza and Gillmeister, 
2022), what differentiated them from our study was that they evoked 
emotions through specific stimuli unrelated to the task. Thus, there is 
no conflict with our results. Regarding the P3 amplitude, research 
within the realms of economics based on economic game paradigms 
found that P3 amplitude is sensitive to rewards and losses 
(Pornpattananangkul et  al., 2017; Schmidt et  al., 2020), which 
contrasts with the findings of this study. Wu and Wang (2019) pointed 
out that safety benefits are not only material but also mental. 
Therefore, the insensitivity of the P3 amplitude to high/low perceived 
benefits in the experiment may be  a manifestation of how safety 
decision-making differs from economic decision-making, which 
needs further research for validation.

4.2.3 Neural activities model of perceived 
benefits affecting unsafe behavioral 
decision-making

Following our experimental results, we  found that different 
perceived benefits have significant effects on the decision-making 
process of individuals’ unsafe behaviors, which are mainly reflected in 
the behavioral data as well as the power changes of theta and alpha. 
Based on this we established a model of the influence of perceived 
benefits on unsafe behavioral decision-making as shown in Figure 5.

4.3 Implications

 1. High perceived benefits can activate individuals’ motivational 
systems, making them more focused on pursuing benefits and 
subsequently underestimating the potential risks. This led to a 
pronounced inclination toward risk-seeking behaviors. The 
pursuit of high gains has always been considered a significant 
factor contributing to unsafe actions. In the realm of safety 
management strategies, it’s imperative for administrators to 
thoughtfully design incentive mechanisms, ensuring they do 
not excessively entice employees into unsafe behavior. There 
needs a balanced trade-off between safety and rewards. For 
example, a common safety management strategy is the 
provision of bonuses or other incentives for reaching certain 
milestones without any reported accidents or injuries. While 
this can be an effective way to encourage adherence to safety 
protocols, it can also inadvertently encourage the 
underreporting of minor incidents or the overlooking of 
potential risks to meet these “safe” milestones.

 2. Low perceived benefits enable individuals to avoid loss quickly. 
This reduced the internal conflict during the decision-making 
process, prompting individuals to swiftly opt for decisions that 
avoid loss. In the context of safety management, moderate 
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punitive measures can effectively motivate individuals to 
promptly avert unsafe behavior without placing undue 
cognitive strain. Employing such a tactic proves beneficial for 
timely intervention against unsafe behavior.

5 Conclusion

In this study, we  demonstrated the significant influence of 
perceived benefits on individuals’ cognitive processes in decisions 
involving safety factors. Under the high perceived benefits (HPB) 
condition, individuals exhibited a significant decrease in internal 
attention during the decision-making process, as evidenced by a 
marked reduction in theta power within the frontal regions compared 
to the control condition (CC). Due to the attraction of high perceived 
benefits, the individual’s attention was focused on the benefits, 
resulting in decision-making that was mainly dominated by the 
benefits Therefore, individuals did not allocate excessive cognitive 
resources to contemplate potential risks. The decreased theta power 
in the central and occipital regions indicated fewer memory resources 
being engaged, which further corroborates the diminished internal 
attention of the individuals. Moreover, the high perceived benefits 
activated individuals’ brain regions associated with motivation and 
positive emotion, which was manifested by decreased alpha power in 
the frontal, central, and occipital regions compared to the CC. This led 
individuals to focus on pursuing benefits while underestimating 
potential risks. Consequently, the individual’s propensity for unsafe 
behavior increased significantly.

Under the low perceived benefits (LPB) condition, individuals 
engaged fewer memory resources, as indicated by the significantly 
reduced theta power in the central and occipital regions. In this 
scenario, due to an aversion to certain losses, individuals refrain from 
extensive memory recall, making fewer judgments based on 
experience and resulting in a more straightforward decision-making 
process. Therefore, the time taken to make decisions is observed 
to decrease.

In summary, our findings underscored the profound influence of 
perceived benefits on cognitive processes of decision-making and 
subsequent behaviors. These insights not only shed light on the neural 
mechanisms of unsafe behavioral decision-making but also emphasize 
the critical role of perceived benefits in shaping individuals’ cognitive 

strategies and behaviors. Such understanding is essential for designing 
effective interventions and strategies for unsafe behavior.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of School of Educational Science, HUST. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study. Written informed consent was obtained from 
the individual (s) for the publication of any potentially identifiable 
images or data included in this article.

Author contributions

SZ, YZ, CW, and QY contributed to the conception and design of 
the study. XS provided research resources and platforms. CW and QY 
performed the statistical analysis. QY wrote the first draft of the 
manuscript. All authors contributed to the article and approved the 
submitted version.

Funding

This work was supported by Natural Science Foundation of 
Hunan Province (Number: 2021JJ40801).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

FIGURE 5

Neural activities model of perceived benefits affecting unsafe behavioral decision-making.

https://doi.org/10.3389/fnins.2023.1231592
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Zhang et al. 10.3389/fnins.2023.1231592

Frontiers in Neuroscience 09 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Ajzen, I. (1991). The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 

50, 179–211. doi: 10.1016/0749-5978(91)90020-T

Aldag, R. J., Janis, I. L., and Mann, L. (1980). Decision making: a psychological 
analysis of conflict. Acad. Manage. Rev. 5:141. doi: 10.2307/257816

Alós-Ferrer, C., Jaudas, A., and Ritschel, A. (2021). Attentional shifts and preference 
reversals: An eye-tracking study. Judgm. Decis. Mak. 16, 57–93. doi: 10.1017/
S1930297500008305

An, Y., Wang, H., Yang, X., Zhang, J., and Tong, R. (2023). Using the TPB and 24Model 
to understand workers’ unintentional and intentional unsafe behaviour: a case study. 
Saf. Sci. 163:106099. doi: 10.1016/j.ssci.2023.106099

Angelini, M., Fabbri-Destro, M., Lopomo, N. F., Gobbo, M., Rizzolatti, G., and 
Avanzini, P. (2018). Perspective-dependent reactivity of sensorimotor mu rhythm in 
alpha and beta ranges during action observation: An EEG study. Sci. Rep. 8:12429. doi: 
10.1038/s41598-018-30912-w

Arora, N., and Aggarwal, A. (2018). The role of perceived benefits in formation of 
online shopping attitude among women shoppers in India. South Asian J Bus Stud 7, 
91–110. doi: 10.1108/SAJBS-04-2017-0048

Carpenter, M. A., Bauer, T., Erdogan, B., and Short, J. (2010). Principles of management. 
Irvington, NY: Flatworld Knowledge.

Charidza, C. A., and Gillmeister, H. (2022). Differential beta desynchronisation 
responses to dynamic emotional facial expressions are attenuated in higher trait anxiety 
and autism. Cogn. Affect. Behav. Neurosci. 22, 1404–1420. doi: 10.3758/
s13415-022-01015-x

China Production Safety Network. (2021). Available at: http://www.aqsc.cn

Chun, M. M., Golomb, J. D., and Turk-Browne, N. B. (2011). A taxonomy of external 
and internal attention. Annu. Rev. Psychol. 62, 73–101. doi: 10.1146/annurev.
psych.093008.100427

Codispoti, M., De Cesarei, A., and Ferrari, V. (2023). Alpha-band oscillations and 
emotion: a review of studies on picture perception. Psychophysiology 60:14438. doi: 
10.1111/psyp.14438

Cohen, M. X., and Donner, T. H. (2013). Midfrontal conflict-related theta-band power 
reflects neural oscillations that predict behavior. J. Neurophysiol. 110, 2752–2763. doi: 
10.1152/jn.00479.2013

Cooper, N. R., Simpson, A., Till, A., Simmons, K., and Puzzo, I. (2013). Beta event-
related desynchronization as an index of individual differences in processing human 
facial expression: further investigations of autistic traits in typically developing adults. 
Front. Hum. Neurosci. 7:159. doi: 10.3389/fnhum.2013.00159

Davidson, R. J. (1992). Anterior cerebral asymmetry and the nature of emotion. Brain 
Cogn. 20, 125–151. doi: 10.1016/0278-2626(92)90065-T

Davidson, R. J. (1998). Affective style and affective disorders: perspectives from 
affective neuroscience. Cognit. Emot. 12, 307–330. doi: 10.1080/026999398379628

Davidson, R. J. (2002). Anxiety and affective style: role of prefrontal cortex and 
amygdala. Biol. Psychiatry 51, 68–80. doi: 10.1016/S0006-3223(01)01328-2

Farinha, A. C., and Maia, T. V. (2021). People exert more effort to avoid losses than to 
obtain gains. J. Exp. Psychol. Gen. 150, 1837–1853. doi: 10.1037/xge0001021

Fusco, G., Fusaro, M., and Aglioti, S. M. (2022). Midfrontal-occipital θ-tACS 
modulates cognitive conflicts related to bodily stimuli. Soc. Cogn. Affect. Neurosci. 17, 
91–100. doi: 10.1093/scan/nsaa125

Gellman, M. D., and Turner, J. R. (2013). Encyclopedia of behavioral medicine. 
New York: Springer.

Haber, S. N., and Knutson, B. (2010). The reward circuit: linking primate anatomy and 
human imaging. Neuropsychopharmacology 35, 4–26. doi: 10.1038/npp.2009.129

Hayashi, T., Okamoto, E., Nishimura, H., Mizuno-Matsumoto, Y., Ishii, R., and 
Ukai, S. (2009). Beta activities in EEG associated with emotional stress. Int J Intell 
Comput Med Sci Image Process 3, 57–68. doi: 10.1080/1931308X.2009.10644171

Kahneman, D., and Tversky, A. (1979). Prospect theory: An analysis of decision under 
risk. Econometrica 47:263. doi: 10.2307/1914185

Khader, P. H., Jost, K., Ranganath, C., and Rösler, F. (2010). Theta and alpha 
oscillations during working-memory maintenance predict successful long-term memory 
encoding. Neurosci. Lett. 468, 339–343. doi: 10.1016/j.neulet.2009.11.028

Klimesch, W. (1999). EEG alpha and theta oscillations reflect cognitive and memory 
performance: a review and analysis. Brain Res. Rev. 29, 169–195. doi: 10.1016/
S0165-0173(98)00056-3

Klimesch, W., Sauseng, P., and Hanslmayr, S. (2007). EEG alpha oscillations: the 
inhibition–timing hypothesis. Brain Res. Rev. 53, 63–88. doi: 10.1016/j.
brainresrev.2006.06.003

Lee, J., and Oah, S. (2015). A comparison of the effects of incentive and penalty 
procedures on work performance: a simulation. J. Organ. Behav. Manag. 35, 336–345. 
doi: 10.1080/01608061.2015.1093056

Leung, Y. (2013). “Perceived benefits” in Encyclopedia of behavioral medicine. Eds. 
M. D. Gellman and J. R. Turner (New York: Springer), 1450–1451.

Mata, R., Frey, R., Richter, D., Schupp, J., and Hertwig, R. (2018). Risk preference: a 
view from psychology. J. Econ. Perspect. 32, 155–172. doi: 10.1257/jep.32.2.155

Melnik, N., Mapelli, I., and Özkurt, T. E. (2017). Modulation of alpha oscillations is 
required for the suppression of semantic interference. Neurobiol. Learn. Mem. 144, 
11–18. doi: 10.1016/j.nlm.2017.05.007

Meng, Q. (2022). Editorial: unsafe human behavior at construction sites. Front. 
Psychol. 13:1023957. doi: 10.3389/fpsyg.2022.1023957

Miller, E. K., and Cohen, J. D. (2001). An integrative theory of prefrontal cortex 
function. Annu. Rev. Neurosci. 24, 167–202. doi: 10.1146/annurev.neuro.24.1.167

Na, E., Jang, K.-M., and Kim, M.-S. (2019). An event-related potential study of 
decision-making and feedback utilization in female college students who binge drink. 
Front. Psychol. 10:2606. doi: 10.3389/fpsyg.2019.02606

Nahrgang, J. D., Morgeson, F. P., and Hofmann, D. A. (2011). Safety at work: a 
meta-analytic investigation of the link between job demands, job resources, 
burnout, engagement, and safety outcomes. J. Appl. Psychol. 96, 71–94. doi: 10.1037/
a0021484

O’Neill, P.-K., Gordon, J. A., and Sigurdsson, T. (2013). Theta oscillations in the medial 
prefrontal cortex are modulated by spatial working memory and synchronize with the 
Hippocampus through its ventral subregion. J. Neurosci. 33, 14211–14224. doi: 10.1523/
JNEUROSCI.2378-13.2013

Parsons, J. T., Siegel, A. W., and Cousins, J. H. (1997). Late adolescent risk-taking: 
effects of perceived benefits and perceived risks on behavioral intentions and behavioral 
change. J. Adolesc. 20, 381–392. doi: 10.1006/jado.1997.0094

Pornpattananangkul, N., Nadig, A., Heidinger, S., Walden, K., and Nusslock, R. (2017). 
Elevated outcome-anticipation and outcome-evaluation ERPs associated with a greater 
preference for larger-but-delayed rewards. Cogn. Affect. Behav. Neurosci. 17, 625–641. 
doi: 10.3758/s13415-017-0501-4

Prezenski, S., Brechmann, A., Wolff, S., and Russwinkel, N. (2017). A cognitive 
modeling approach to strategy formation in dynamic decision making. Front. Psychol. 
8:1335. doi: 10.3389/fpsyg.2017.01335

Ratcliffe, O., Shapiro, K., and Staresina, B. P. (2022). Fronto-medial theta coordinates 
posterior maintenance of working memory content. Curr. Biol. 32, 2121–2129.e3. doi: 
10.1016/j.cub.2022.03.045

Reason, J. (1990). Human Error. Cambridge: Cambridge University Press.

Ritter, P., Moosmann, M., and Villringer, A. (2009). Rolandic alpha and beta EEG 
rhythms’ strengths are inversely related to fMRI-BOLD signal in primary somatosensory 
and motor cortex. Hum. Brain Mapp. 30, 1168–1187. doi: 10.1002/hbm.20585

Roeser, S., Hillerbrand, R., Sandin, P., and Peterson, M. (2012). Handbook of risk 
theory: Epistemology, decision theory, ethics, and social implications of risk. Netherlands: 
Springer.

Ruggeri, K., Kunz, M., Berkessel, J., Kácha, O., Steinnes, K., Petrova, D., et al. (2019). 
The science of behavior and decision-making. In Behavioral insights for public policy: 
concepts and cases. 1st ed., Abingdon, UK: Routledge. 59–79.

Schmidt, B., Hoffmann, E., and Rasch, B. (2020). Feel safe and money is less 
important! Hypnotic suggestions of safety decrease brain responses to monetary rewards 
in a risk game. Cerebral cortex. Communications 1:tgaa050. doi: 10.1093/texcom/
tgaa050

Schutter, D. J. L. G., De Haan, E. H. F., and Van Honk, J. (2004). Anterior asymmetrical 
alpha activity predicts Iowa gambling performance: distinctly but reversed. 
Neuropsychologia 42, 939–943. doi: 10.1016/j.neuropsychologia.2003.11.014

Senftleben, U., and Scherbaum, S. (2021). Mid-frontal Theta during conflict in a value-
based decision task. J. Cogn. Neurosci. 1–23, 1–23. doi: 10.1162/jocn_a_01741

Shadlen, M. N., and Kiani, R. (2013). Decision making as a window on cognition. 
Neuron 80, 791–806. doi: 10.1016/j.neuron.2013.10.047

Sharot, T. (2011). The optimism bias. Curr. Biol. 21, R941–R945. doi: 10.1016/j.
cub.2011.10.030

https://doi.org/10.3389/fnins.2023.1231592
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.2307/257816
https://doi.org/10.1017/S1930297500008305
https://doi.org/10.1017/S1930297500008305
https://doi.org/10.1016/j.ssci.2023.106099
https://doi.org/10.1038/s41598-018-30912-w
https://doi.org/10.1108/SAJBS-04-2017-0048
https://doi.org/10.3758/s13415-022-01015-x
https://doi.org/10.3758/s13415-022-01015-x
http://www.aqsc.cn
https://doi.org/10.1146/annurev.psych.093008.100427
https://doi.org/10.1146/annurev.psych.093008.100427
https://doi.org/10.1111/psyp.14438
https://doi.org/10.1152/jn.00479.2013
https://doi.org/10.3389/fnhum.2013.00159
https://doi.org/10.1016/0278-2626(92)90065-T
https://doi.org/10.1080/026999398379628
https://doi.org/10.1016/S0006-3223(01)01328-2
https://doi.org/10.1037/xge0001021
https://doi.org/10.1093/scan/nsaa125
https://doi.org/10.1038/npp.2009.129
https://doi.org/10.1080/1931308X.2009.10644171
https://doi.org/10.2307/1914185
https://doi.org/10.1016/j.neulet.2009.11.028
https://doi.org/10.1016/S0165-0173(98)00056-3
https://doi.org/10.1016/S0165-0173(98)00056-3
https://doi.org/10.1016/j.brainresrev.2006.06.003
https://doi.org/10.1016/j.brainresrev.2006.06.003
https://doi.org/10.1080/01608061.2015.1093056
https://doi.org/10.1257/jep.32.2.155
https://doi.org/10.1016/j.nlm.2017.05.007
https://doi.org/10.3389/fpsyg.2022.1023957
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.3389/fpsyg.2019.02606
https://doi.org/10.1037/a0021484
https://doi.org/10.1037/a0021484
https://doi.org/10.1523/JNEUROSCI.2378-13.2013
https://doi.org/10.1523/JNEUROSCI.2378-13.2013
https://doi.org/10.1006/jado.1997.0094
https://doi.org/10.3758/s13415-017-0501-4
https://doi.org/10.3389/fpsyg.2017.01335
https://doi.org/10.1016/j.cub.2022.03.045
https://doi.org/10.1002/hbm.20585
https://doi.org/10.1093/texcom/tgaa050
https://doi.org/10.1093/texcom/tgaa050
https://doi.org/10.1016/j.neuropsychologia.2003.11.014
https://doi.org/10.1162/jocn_a_01741
https://doi.org/10.1016/j.neuron.2013.10.047
https://doi.org/10.1016/j.cub.2011.10.030
https://doi.org/10.1016/j.cub.2011.10.030


Zhang et al. 10.3389/fnins.2023.1231592

Frontiers in Neuroscience 10 frontiersin.org

Shu, L. (2009). Research on uncertain decision mechanism based on decision 
neuroscience [doctor], Zhejiang University.

Slovic, P., Finucane, M. L., Peters, E., and MacGregor, D. G. (2007). The affect 
heuristic. Eur. J. Oper. Res. 177, 1333–1352. doi: 10.1016/j.ejor.2005.04.006

Soltani Zangbar, H., Ghadiri, T., Seyedi Vafaee, M., Ebrahimi Kalan, A., Fallahi, S., 
Ghorbani, M., et al. (2020). Theta oscillations through hippocampal/prefrontal pathway: 
importance in cognitive performances. Brain Connect. 10, 157–169. doi: 10.1089/
brain.2019.0733

Tamir, M. (2009). What do people want to feel and why?: pleasure and utility in 
emotion regulation. Curr. Dir. Psychol. Sci. 18, 101–105. doi: 
10.1111/j.1467-8721.2009.01617.x

TenHouten, W. (2023). The emotions of Hope: from optimism to sanguinity, from 
pessimism to despair. Am. Sociol. 54, 76–100. doi: 10.1007/s12108-022-09544-1

Tzagarakis, C., Ince, N. F., Leuthold, A. C., and Pellizzer, G. (2010). Beta-band activity 
during motor planning reflects response uncertainty. J. Neurosci. 30, 11270–11277. doi: 
10.1523/JNEUROSCI.6026-09.2010

Wang, C., Fu, W., Jin, J., Shang, Q., Luo, X., and Zhang, X. (2020). Differential effects 
of monetary and social rewards on product online rating decisions in E-commerce in 
China. Front. Psychol. 11:1440. doi: 10.3389/fpsyg.2020.01440

Wu, C., and Wang, B. (2019). Application principle and new view of security 
economics. Safety Secur 40, 27–33. doi: 10.19737/j.cnki.issn1002-3631.2019.10.006

Zhang, L. (2009). An exchange theory of money and self-esteem in decision making. 
Rev. Gen. Psychol. 13, 66–76. doi: 10.1037/a0014225

Zhang, Y., Li, Q., Wang, Z., Liu, X., and Zheng, Y. (2017). Temporal dynamics of 
reward anticipation in the human brain. Biol. Psychol. 128, 89–97. doi: 10.1016/j.
biopsycho.2017.07.011

Zhang, S., Yu, X., Shi, X., and Zhang, Y. (2023). The influencing mechanism of 
incidental emotions on risk perception: evidence from event-related potential. Brain Sci. 
13:486. doi: 10.3390/brainsci13030486

Zhou, Y., Xiao, G., Chen, Q., Wang, Y., Wang, L., Xie, C., et al. (2023). High-definition 
transcranial direct current stimulation improves decision-making ability: a study based 
on EEG. Brain Sci. 13:640. doi: 10.3390/brainsci13040640

https://doi.org/10.3389/fnins.2023.1231592
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.ejor.2005.04.006
https://doi.org/10.1089/brain.2019.0733
https://doi.org/10.1089/brain.2019.0733
https://doi.org/10.1111/j.1467-8721.2009.01617.x
https://doi.org/10.1007/s12108-022-09544-1
https://doi.org/10.1523/JNEUROSCI.6026-09.2010
https://doi.org/10.3389/fpsyg.2020.01440
https://doi.org/10.19737/j.cnki.issn1002-3631.2019.10.006
https://doi.org/10.1037/a0014225
https://doi.org/10.1016/j.biopsycho.2017.07.011
https://doi.org/10.1016/j.biopsycho.2017.07.011
https://doi.org/10.3390/brainsci13030486
https://doi.org/10.3390/brainsci13040640

	Study on the influence mechanism of perceived benefits on unsafe behavioral decision-making based on ERPs and EROs
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Materials
	2.3 Procedure
	2.4 Data recording and analysis

	3 Results
	3.1 Behavioral data
	3.2 EEG data

	4 Discussion
	4.1 Behavioral data
	4.2 EEG data
	4.2.1 The influence of high perceived benefits
	4.2.2 The influence of low perceived benefits
	4.2.3 Neural activities model of perceived benefits affecting unsafe behavioral decision-making
	4.3 Implications

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

