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Decision-making is defined as the cognitive process when people choose a course of action among 

different alternatives based on their desires, beliefs, values, and preferences [1]. Decision-making is 

researched in a wide range of areas such as health [2], accounting [3], psychology [4], and marketing [5], 

as it is a process that people utilize in their everyday lives. Targeted messaging research aims to find the 

factors of a certain population by examining the characteristics of behaviors that are most impactfully 

affected by a specific message [6]. Targeted messaging and message framing have been widely researched 

in various research areas including health [7], environmental awareness [8], politics, and marketing [9]. To 

date, various approaches regarding the assessment of consumer behavior have relied solely on self-

reported measurements such as questionnaires and surveys [10]. Although such measures are easy to 

implement, they are weak predictors of future behavioral changes [11; 12]. Therefore, even though some 

previous studies examine the relationship between message framing and consumer’s decision-making [13], 

the effects of messaging and message framing on consumer’s decision-making behavior have not yet been 

fully grasped.  

Recent brain imaging research has shown that neural activity in the right inferior frontal gyrus (IFG) of the 

brain is greater when individuals are asked to make high-relative to low-conflict decisions [14; 15]. Given 

these studies, there is evidence to support our hypothesis, which is that the right IFG region will experience 

increased activation during consumer choice when decisional conflict is highly present. Alongside 

neuroimaging measures, electrodermal activity (EDA) has been used in decision-making research as a 

marker of emotional arousal [16] and a measure of decision processing with respect to increasing risk [17]. 

To assess the effects of messaging exposure on consumers’ decision-making and preferences, we adopted 

a neuroergonomic approach that utilizes behavioral measurements alongside brain and body measures, 

which we utilized functional near-infrared spectroscopy (fNIRS) and EDA, respectively [18]. In this study, a 

total of 60 participants (37 female, mean age=27.6) volunteered and made binary decisions involving a 

fixed-rate electricity plan and 8 time-of-use (TOU) electricity plans consisting of different peak rates, non-

peak rates, and duration values [19]. As seen in Figure 1a, before the experiment protocol, participants 

completed the consent forms and were informed about the definition of kilowatts per hour (kWh) and the 

tasks in the experiment. In the tasks, the fixed-rate (flat-rate) plan provided the same electricity unit rate 

throughout the day, while TOU plans are defined as plans that had higher unit rates during peak 

consumption hours and lower rates at any other hour (shown in Figure 1b). Each participant made two 



different choice tasks: either between two TOU plans that have different peak durations, peak rates, and 

non-peak rates, which was a representative of high-conflict scenario (28 decisions) (Figure 1 Panel A) or 

between a fixed-rate plan and a TOU plan, which was made to create a low-conflict situation (8 decisions) 

(Figure 1 Panel B). After making the first 36 decisions, participants were shown a one-minute video 

message that was either positively and negatively framed about the impact of consumers’ consumption 

on either environment or financial-saving. The participants were separated into four different groups 

based on the framing and context of the message. Before and after the video, participants were instructed 

to relax for 30 seconds. After the rest, participants performed the same 36 binary choice tasks one more 

time. During the entire study, participants’ brain activity over the prefrontal cortex was continuously 

tracked using fNIRS alongside their EDA data, and plan preferences for each question were recorded.  

Throughout the experiment, prefrontal cortex hemodynamics were recorded at a sampling rate of 2 Hz by 

a continuous-wave fNIRS device, fNIR Imager Model 1200 (fNIR Devices LLC, fnirdevices.com) [20]. After 

fNIRS data acquisition, raw light intensity data was filtered with a finite impulse response (FIR), low-pass, 

20th order Hamming filter with a cutoff frequency of 0.1 Hz to mitigate high frequency noise. Average 

oxygenated and deoxygenated hemoglobin concentration values in the time-synchronized blocks of each 

choice task for each optode were calculated and extracted from the filtered light intensity data using 

Modified Beer-Lambert Law. In terms of EDA, portable and wireless sensor Shimmer GSR+ Unit (Shimmer 

Sensing, www.shimmersensing.com) was placed on the participants’ left index and middle fingers. 

Participants’ skin conductance was recorded at a sampling rate of 128 Hz. Using Ledalab, a MATLAB 

toolbox for EDA analysis [21], EDA data was filtered with a zero-phase 2nd order Butterworth low-pass filter 

with 0.5 Hz cut-off frequency to mitigate electrical noise, and then continuous decomposition analysis, a 

method that uses nonnegative deconvolution to EDA data decomposition) was applied to extract phasic 

and tonic components of EDA [22]. Average event-related phasic EDA and HbO values for each choice block 

were used as features in statistical analysis using linear mixed models. 

For data analysis, the hemodynamic brain activity and EDA data of participants during the choice tasks 

before and after the video message were compared. As seen in Figure 1c, the fNIRS results show that in 

TOU vs TOU choice tasks, participants brain activity over right IFG after the video significantly increases 

after watching negatively-framed financial-savings messages, whereas in flat rate vs TOU tasks, there were 

no significant interactions across all video conditions. As depicted in Figure 1d, EDA results show that both 

negative-framed environmental and financial-savings messaging significantly increased emotional arousal 

in flat rate vs TOU tasks, while as can be seen in Figure 1e, financial-saving messages affected participants’ 

EDA levels significantly in the decisions between two TOU plans with different parameters, regardless of 

the framing.  

The findings of the study suggest that negatively framed financial-savings messages seem to have an 

influence on the consumers in terms of brain activity and emotional arousal, specifically in high decisional 

conflict scenarios. This study demonstrates that brain and physiological measures combined provide a 

comprehensive assessment of consumer decisions. In addition, this study shows that EDA and fNIRS can 

be used in the neuroergonomic assessment of cognitive consumer decision-making behavior in real-world 

environments, which provides valuable information in marketing research.  



 

Figure 1. (a) Experimental procedure. (b) Electricity supply plans used in the study for choice tasks. Flat-rate plan (Plan A) offered 
the same electricity unit rate throughout the day, while TOU (time-of-use) plans (Plan B) offered higher unit rates during peak 
consumption hours and lower rates during other hours of the day. (c) fNIRS results for brain activity of right IFG. Results show that 
negatively framed financial savings video significantly affected the brain activity over the right IFG while decision-making between 
two plans, specifically in optode 13 (F1,3163.4=12.31, p < 0.01), optode 14 (F1,3214.9=5.29, p = 0.02), optode 15 (F1,3097.6=7.39, p < 0.01) 
and optode 16 (F1,3188=6.08, p = 0.013). (d) EDA results for flat rate vs TOU for each video. EDA results show that both negative-
framed environmental (F1,927=5.11, p=0.048) and financial-savings (F1,956=18.939, p<0.01) messaging significantly increased skin 
conductance. (e) EDA results and TOU vs TOU choice tasks for each video. The results show both positive (F1,1018=47.6, p<0.01) and 
negative (F1,956=33.07, p<0.01) financial-saving messages significantly increased participants’ skin conductance response. 
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