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1. Introduction 

1.1 Economic behavior and brain imaging 

Human economic and purchasing behavior has been studied primarily with brain imaging 

techniques such as functional magnetic resonance imaging (fMRI). One common topic in 

this domain of investigation is the willingness to pay (WTP). An essential component of 

every marketplace transaction is a WTP calculation in which buyers calculate the maximum 

amount of money they are willing to pay in exchange for the object being sold. WTP 

decisions are related to activation in the (medial) orbitofrontal cortex (OFC) (Wallis & Miller, 

2003; Padoa-Schioppa & Assad, 2006; Erk, Spitze, Wunderlich, Galley, & Walter, 2002; Rolls, 

1996; Plassmann, O’Doherty, Rangel, 2007; Schoenbaum, Chiba, & Gallagher, 1998; 

Tremblay & Schultz, 1999; Roesch & Olson, 2004). Medial OFC activation is related to choice 

or preference in the absence of explicit attention to the products presented, suggesting that 

the WTP calculation occurs implicitly. These studies have been performed under both well-

controlled experimental settings and artificial environments because of the restrictions 

involved in using fMRI techniques. Although fMRI offers advantages related to the spatial 

resolution of cognitive and deep-brain activities, it requires a high degree of patient restraint 

during measurements made in pediatric research settings. 

1.2 Advantages of using near-infrared spectroscopy 

Near-infrared spectroscopy (NIRS) is a relatively new imaging technique that is non-

invasive, highly flexible, and requires less participant restraint and sedation; it also produces 
continuous real-time measurements (Baird, Kagan, Gaudette, Walz, Hershlag, & Boas, 2002; 

Endo, Nagai, Kumada, 2009; Kubota, Toichi, Shimizu, Mason, Findling, Yamamoto, & 
Calabresea, 2006; Matsuda & Hiraki, 2006; Otsuka, Nakato, Kanazawa, Yamaguchi, Watanabe, 

& Kakigi, 2007). The NIRS technique has been successfully used in investigations of the neural 
correlates of complex actions such as walking and running on a treadmill (Suzuki, Miyai, Ono, 

Oda, Konishi, Kochiyama, & Kubota, 2004), peeling an apple (Okamoto, Dan, Shimizu, Takeo, 
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Amita, Oda, Konishi, Sakamoto, Isobe, Suzuki, Kohyama, & Dan, 2004), demonstrating that 
NIRS can be applied to real-life situations involving actions and movements. 

1.3 In-store buying experiences and brain imaging 

Many different ways of trying articles/products at stores exist, including touching and 
listening to explanations offered by sales persons. However, the most effective ways to 
provide a good impression to customers or increase the chance that customers will purchase 
a given item remains unclear. Additionally, the association of the formation of an 
impression and buying behavior with brain activation has not been investigated. In actual 
situations, sales persons have a variety of ways to explain the features of articles to be sold. 
In the present study, we simulated a situation in which a customer (i.e., participant) and a 
sales person (i.e., confederate) interacted in five different ways. 

1.4 Purpose of the study 

The purpose of the current study was to investigate the relationship between different ways 
of learning about a cosmetic and brain activation and to examine the relationship between 
brain activation and impression formation and willingness-to-use decisions.  

2. Method 

2.1 Participants 

Sixty women (age range: 25–39 years, average age: 30.6 years) participated in this 
experiment; the sample included 17 Japanese, 10 Chinese, 11 American, 11 German, and 11 
Hispanic individuals. These classifications were based on nationality and place of residence. 
One left-handed subject (Hispanic) and two subjects (American and German) with a 
Japanese father or mother were excluded from the data analysis. 

2.2 Apparatus 

We used a multichannel NIRS system (ETG-4000, Hitachi Medical Corp., Tokyo, Japan) to 
measure brain activity. The NIRS unit was operated at near-infrared wavelengths of 695 and 
830 nm and was used to measure temporal changes in concentrations of oxygenated 
hemoglobin (oxy-Hb), deoxygenated hemoglobin (deoxy-Hb), and total-hemoglobin. We 
used a pair of probe holders, each of which consisted of arrays measuring 4 × 4. Sixteen 
optodes (eight emitting and eight detecting) produced 24 channels for each probe. The 
distance between each emitting and corresponding detecting optode was 3.0 cm. The 
sampling rate at each channel was approximately 10 Hz. 

The probes were placed on the frontal region of each hemisphere (Fig. 1). The Cz (international 
10/20 system) was set to align with a line connecting between the positions at the 
superior/posterior corners of the arrays (i.e., the emitter for the right probe and the detector 
for the left probe), and the Fz was aligned with the middle of the two connecting lines between 
the positions at the superior/anterior corners of the arrays and between the positions at the 
superior/second-from-anterior intersections of the arrays. Because the participant’s heads 
were not exactly the same size, the Fz positions of participants differed slightly. The position of 
each column of emitters or detectors in the array was parallel to the midline of the brain. 
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Fig. 1. Positions of optodes placed on the prefrontal regions of both hemispheres. The 
distance between each emitter (indicated by light gray squares) and the corresponding 
detector (indicated by dark gray squares) was 3 cm. These emitters and detectors were 
placed in probes with 4 × 4 arrays. 

2.3 Stimuli, conditions, and task 

The task involved gathering information about a cosmetic article (facial cream) in five 

different ways (verbal explanation, written explanation, application, smell, and touch) in an 

environment simulating a cosmetics counter (Fig. 2). The facial cream was in a gold jar 

without a label bearing the name of a particular product. Five simulation conditions were 

used. Under the explanation condition, the subjects were asked to understand the 

explanation about the facial cream provided by a sales person (i.e., a confederate). Under the 

written condition, the explanation was given by a sales person, but he or she used a text and 

pictures to provide information about the facial cream. Under the application condition, the 

subjects were required to apply the facial cream to the back of their left hand. Under the 

smell condition, they were required to smell the facial cream on their left hand. Under the 

touch condition, they were required to touch a jar of facial cream. The order of these five 

conditions corresponded to the sequence above, and each condition lasted 15 sec. A 5-sec 

preparation time and a 35-sec rest time were added for NIRS data recording (Fig. 3).  
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a) b) c) d) e)  

Fig. 2. Five different ways by which participants learned about a facial cream:  
a) explanation, b) written, c) application, d) smell, and e) touch. 

5 sec 15 sec 35 sec

Preparation Rest

5 sec 20 sec 55 sec

Test

 

Fig. 3. Experimental schedule for NIRS recording 

2.4 Subjective rating 

After the NIRS measurements, subjects used a 100-point scale to rated the face cream with 

respect to 11 subjective reactions : 1, comfort; 2. relief; 3, conviction; 4, satisfaction; 5, 

understanding; 6, promise; 7, reliability; 8, likability; 9, willingness to use; 10. interest; and 

11, appeal. 

3. Results 

3.1 NIRS data analysis 

Trials that had movement artifacts, as reflected by steep changes in the time series of the 
oxy-Hb and deoxy-Hb concentrations, were removed from the analysis. After these data 
were eliminated, we focused on oxy-Hb concentrations as the index of brain activation. 
Many NIRS studies use changes in oxy-Hb concentrations as the primary foci of analyses 
(e.g., Matsuda & Hiraki, 2006; Otsuka, Nakato, Kanazawa, Yamaguchi, Watanabe, Kakigi, 
2007) because these values are the most sensitive to changes in regional cerebral blood flow 
and are correlated with the blood-oxygen-level dependence (BOLD) signal (Hoshi, 
Kobayashi, & Tamura, 2001; Strangman, Culver, Thompson, & Boas, 2002). 

Before starting the actual data analysis, the relative oxy-Hb concentrations at baseline (the 
line in the data repesenting oxy-Hb concentrations between the 5-sec preparation time and 
the last 5-sec rest time ) were calculated, which reduced low–frequency noise. Moreover, if 
the calculated relative oxy-Hb concentration values included an artifact, such as alternating 
current noise due to the poor contact of the probe with the skin, data from that channel 
under all conditions were deleted. 

Data from one channel of one subject are shown in Fig. 4. The horizontal axis shows time 
from the beginning of the task, and the vertical axis shows oxy-Hb changes. This subject’s  
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Fig. 4. An example of the time course of changes in the concentrations of oxy-hemoglobin 
(Hb) under the five conditions. 

data show that the oxy-Hb concentration increased after task onset and decreased after 
offset under the application, smell, and touch conditions. The brain-activation level was 
defined as the integral value of the oxy-Hb concentration during the task (15 sec). The 
average and standard deviation of the activation levels were calculated for each channel 
across subjects. When the activation level at a channel was higher than the average ±2.5 
standard deviations, that channel’s data were deleted from analysis under all conditions. 

3.2 Brain activation 

We performed t-tests to compare the activation levels with zero. Figure 5 shows the 
significantly activated channels under the five different conditions. The left and right 48 
circles represent channel loci. Red, orange, and yellow circles show that the p-values for the 
test were <0.01, 0.05, and 0.1, respectively. Following Okamoto, Dan, Sakamoto, Takeo, 
Shimizu, Kohno, Oda, Isobe, Suzuki, Kohyama, and Dan (2004), the channels were located 
in brain areas. One channel at the left frontal lobe was activated under the explanation 
condition. This channel is part of Broca’s area, and its activation was due to the verbal 
explanation under the explanation condition. Under the written condition, the left and right 
superior frontal lobes, corresponding to the supplementary motor area, were activated. 
Under the written condition, participants needed to integrate the visual and auditory 
information on the form. These activated areas may have been related to integrated  
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Fig. 5. Channels with statistically significant brain activation 

processing. More channels and more areas were activated under the next three conditions 

than under the explanation and written conditions. Under the application condition, the left 

and right frontal and lateral lobes were activated. Under the smell condition, the strongest 

activation location shifted in the superior direction in the left hemisphere and activation in 

the right frontal area increased compared with that under the application condition. 

Moreover, activation in the lateral lobes was weakened compared with that under the 

application condition, and activation in the parietal lobes was also evident. Under the touch 

condition, activation in the left parietal lobe disappeared and activation in the right frontal 

lobe weakened compared with the results under the application condition. Under the latter 

three conditions, participants were required to perform motor actions and engage in 

sensory-information processing, which may have activated broader areas in the 

corresponding motor and sensory areas. These results indicate that different ways of 

considering a facial cream activated different brain areas. 

3.3 Brain activation and subjective ratings 

We analyzed the correlation between the subjective ratings and brain activation. The 11 

subjective ratings were classified into two subtypes: “impressions” of the facial cream (1, 

comfort; 2, relief; 3, conviction; 4, satisfaction; 5, understanding; 6, promise; 7, reliability; 8, 

likability) and “willingness to use” (WTU) (9, willingness to use; 10, interest; 11, appeal.). 
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Figure 6 shows the channels showing statistically significant correlations with impression or 
WTU. Under the explanation condition, brain activation in the left inferior frontal lobe was 
correlated with impression and WTU. Under the written condition, brain activation in the 
left parietal lobe was correlated with impression, and that in the right superior frontal lobe 
was correlated with impression and WTU. Under the application condition, brain activation 
in the left superior frontal lobe and lateral lobe was correlated with impression, that in the 
right superior frontal lobe was correlated with impression, and that in the right parietal and 
lateral lobes was correlated with impression and WTU. Under the smell condition, brain 
activation in the left parietal lobe was correlated with impression and WTU, that in the right 
inferior frontal lobe was correlated with impression, and that in the right parietal lobe was 
correlated with impression and WTU. Under the touch condition, brain activation in the left 
parietal lobe was correlated with impression, and that in the right parietal lobe was 
correlated with impression and WTU. 
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Fig. 6. Channels with statistically significant associations of brain activation with impression 
and WTU 

3.4 Brain activation and subjective ratings 

We analyzed the correlation between subjective ratings of the facial cream and brain 
activations using the dichotomy between impression and WTU described above.  

We found the following relationships between brain activation and subjective ratings for 
impression and WTU. Under the explanation condition, brain activation in the left frontal 
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lobe was correlated with impression and WTU; under the written condition, brain activation 
in the right superior frontal lobe was correlated with impression and WTU. Under the 
application condition, brain activation in the right superior frontal and parietal areas were 
related to impression and WTU. Under the smell and touch conditions, activation in the left 
and right parietal lobes was related to impression and WTU.  

3.5 Brain activation by subjective ratings and/or by task 

Three different trends emerged from comparisons among areas showing statistically 

significant activation while the subjects performed tasks (Fig. 5). Statistically significant 

correlations related to subjective rating are shown in Figure 6. The first trend involved the 

statistically significant relationship between channels and brain activation during tasks but 

did not include a correlation with subjective ratings. Most channels followed this trend (86% 

of all channels). The second trend involved a statistically significant relationship between 

channel and brain activation during tasks and a significant correlation with subjective 

ratings. Only a few channels followed the second trend; one channel followed it under the 

written condition, two followed it under the smell condition, and five followed under the 

application condition. The third trend involved statistically non-significant relationships 

between channels and brain activation during a task but included significant correlations 

with subjective ratings. Thus, brain activations following the first and third trends showed 

stronger influences on subjective ratings. 

4. Discussion 

4.1 Summary of results 

In the current experiment, participants learned about a facial cream in five different ways 
while their brain activity was monitored. They then rated their impressions and WTU the 
facial cream. The results suggested that different ways of learning about a facial cream 
activated different brain areas. Moreover, some channels showed a correlation between 
brain activation and subjective ratings.  

4.2 Relationship with WTP 

Many studies have suggested that WTP judgments are based on activation in the medial 

OFC. Because this area is not on the brain surface, it is difficult to monitor this activation 

with NIRS. We have shown that brain activation in the right superior frontal and the left 

and right parietal lobes was related to WTU. Because of the limitations of NIRS 

measurements, it is unclear whether the medial OFC was activated in the current 

experiments and related to WTU judgments. 

4.3 Difference by race 

Participants with different nationalities and different cultural backgrounds are expected to 

have different styles of thinking. A number of studies have suggested that people from 

different cultures have different cognitive processing styles (e.g., North Americans attend to 

focal objects more than do East Asians). Although these cultural differences may cause the 

correlations between brain activations and subjective ratings to differ among cultures, our 
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results indicate the operation of a common brain mechanism in this regard. However, 

culture may nonetheless influence impressions, WTU, WTB, and brain activation related to 

these judgments. The cultural differences involved in-store shopping behaviors need to be 

understood given that such differences carry important implications for both academic and 

commercial domains. 

4.4 Advantage of NIRS for studying everyday situations 

The participants in the current study moved their arms and hands to apply a facial cream 
and touched jar. These actions are not permitted in magnetic resonance imaging scanners, 
and they also cause strong electroencephalogram artifacts due to muscle potentials. Thus, 
brain monitoring with NIRS is the only acceptable technique to use in situations in which 
participants move with relative freedom. 

5. Conclusion 

The current study was to investigate the relationship between different ways of learning 
about a cosmetic and brain activations. In the current experiment, participants learned about 
a facial cream in five different ways while their brain activity was monitored, and then rated 
their impressions and WTU on the facial cream. The results suggested that different ways of 
learning about a facial cream activated different brain areas. Moreover, some channels 
showed a correlation between brain activation and subjective ratings.  
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