
Frontiers in Psychology | www.frontiersin.org 1 September 2021 | Volume 12 | Article 727040

ORIGINAL RESEARCH
published: 20 September 2021

doi: 10.3389/fpsyg.2021.727040

Edited by: 
Valerio Santangelo,  

University of Perugia, Italy

Reviewed by: 
Faruque Reza,  

Universiti Sains Malaysia Health 
Campus, Malaysia

Poppy Watson,  
University of New South Wales, 

Australia

*Correspondence: 
Koki Tsuji  

kk_tsuji@keio.jp

Specialty section: 
This article was submitted to  

Cognition,  
a section of the journal  
Frontiers in Psychology

Received: 17 June 2021
Accepted: 04 August 2021

Published: 20 September 2021

Citation:
Tsuji K, Shibata M, Terasawa Y and 

Umeda S (2021) Products With High 
Purchase Frequency Require Greater 

Inhibitory Control: An Event-Related 
Potential Study.

Front. Psychol. 12:727040.
doi: 10.3389/fpsyg.2021.727040

Products With High Purchase 
Frequency Require Greater Inhibitory 
Control: An Event-Related Potential 
Study
Koki Tsuji 1*, Midori Shibata 1, Yuri Terasawa 1,2 and Satoshi Umeda 1,2

1 Keio Global Research Institute, Keio University, Tokyo, Japan, 2 Department of Psychology, Keio University, Tokyo, Japan

One’s past behavior influences their present behavior. The effects of such response history 
have often been tested using response inhibition tasks. Since previous studies have 
highlighted the effect of immediate action history formed directly before the subsequent 
response in a laboratory environment, we aimed to elucidate the longer-term effects of 
response history, using repetitive and habitual consumer behavior in daily life as the 
response history. We used event-related potentials recorded in a Go/No-go task to 
investigate brain activity related to inhibitory control, hypothesizing that stimuli with a high 
frequency of choice in everyday life would elicit stronger inhibition-related activity, that is, 
the No-go-N2 component. Participants were asked to evaluate the frequency of purchase 
and use of some products, such as food and drink or social networking services (SNS) 
in everyday situations. Images of each product were assigned as stimuli in the Go and 
No-go trials according to the frequency of choice. The results showed that frequently 
purchased No-go stimuli yielded a larger amplitude of the No-go-N2 component and a 
negative shift between 200 and 300 ms after the presentation of No-go stimuli. The results 
suggest that frequently chosen products evoke stronger inhibition conflicts and require 
greater cognitive control to withhold a response. Our findings showed that repeated 
purchase behavior in daily life forms a response history and has a long-term influence on 
the inhibition of even simple approaching behaviors, such as button pressing.

Keywords: Go/No-go task, cognitive control, response history, event-related potentials, N2 component

INTRODUCTION

One’s present behavior is influenced by their past behavior. There is a growing body of literature 
indicating that past responses to a stimulus influence future responses to that stimulus (Fecteau 
and Munoz, 2003; Freitas et  al., 2007; Manoach et  al., 2007). Previous studies focusing on 
the effect of response history on pro-saccade and anti-saccade tasks showed that previous 
saccades influence subsequent saccade latency (Cherkasova et  al., 2002; Fecteau et  al., 2004; 
Barton et  al., 2006; Manoach et  al., 2007; Reuter et  al., 2019), thereby indicating that inhibitory 
control of the response system was modulated by a previous trial, that is, action history (for 
review, Fecteau and Munoz, 2003).
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Studies on reaction history are not limited to saccadic control. 
Previous studies have also examined the effect of trial history 
in motor learning Witney et  al. (2001), action choices (Valyear 
et  al., 2019), and attentional orientation (Ciardo et  al., 2019). 
In the research stream of cognitive control and response 
inhibition, several earlier studies using the Go/No-go task have 
revealed the effect of response history on subsequent response 
suppression. The more consecutively Go trials followed, the 
more likely it was to cause an error response in subsequent 
No-go trials (Durston et  al., 2002). A study focused on event-
related potentials (ERPs), an N2 component reflecting inhibitory 
control, showed that the amplitude of the No-go-N2 component 
increased as the relative frequency of Go versus No-go trials 
increased (Nieuwenhuis et  al., 2003). To assess the effect of 
response history on cognitive control more directly, Freitas 
et  al. (2007) conducted the Go/No-go trial immediately after 
the selective attention trial to investigate whether the response 
inhibition to No-go stimulus is affected by the response to 
the same stimulus in selective attention trials, that is, to see 
whether the stimulus was selected or ignored. The results of 
their study showed that the amplitude of the No-go-P3 component 
was enhanced when the stimulus was selected in the preceding 
selective attention trial; No-go-P3 was diminished when the 
stimulus was ignored.

However, most studies have focused on the effect of immediate 
action history, which is formed directly before the subsequent 
response in a laboratory environment. Additionally, these studies 
assessed the previous response effect by using the same type 
of responses, such as pro- or anti-saccades (Cherkasova et  al., 
2002; Manoach et  al., 2007), and by selecting or ignoring 
responses (Freitas et  al., 2007). No study has investigated the 
“long-term” response history (i.e., those that were not formed 
immediately before the subsequent behavior in a laboratory 
environment), with different type of responses. Thus, it remains 
unclear whether behavior in daily life affects action history 
on subsequent response control. About half of all everyday 
human behavior is repeated in the same context (Wood et  al., 
2002), and thus, our daily life largely consists of habitual and 
repetitive behavior (for review, Wood and Rünger, 2016). It 
is important to elucidate whether habitual and repetitive behavior 
affects action history, just like immediate action history that 
was made ad hoc in the laboratory environment. From this 
point of view, we  focused on repetitive or habitual behavior 
in daily life as action history. In order to investigate the effect 
of repeated behavior, it is desirable that it has a short cycle 
of repetition and is frequently repeated in daily life.

Consumer behavior is a typical behavior in daily life 
comprising repetitive habitual characteristics (Ji and Wood, 
2007; Wood and Neal, 2009; Van’t Riet et al., 2011). Particularly, 
consumers’ goods purchasing behavior, such as food and drinks, 
has relatively short purchase cycles and is repetitive and habitual. 
In this sense, daily consumption behavior can be  viewed as 
a response history accumulated over a long period of time. 
Additionally, modern consumer behavior is not only about 
the purchase and consumption of specific goods, but also about 
the use of specific services. One service used repetitively and 
habitually for a particular brand is social networking sites. 

Thus, we  focused on consumer behavior, especially the 
consumption of food or drinks, and the use of SNS.

It is reasonable to assume that the accumulated history of 
response to a particular stimulus formed in daily life would 
affect the inhibitory control to that stimulus in laboratory tasks. 
Frequently choosing or using specific products and services 
would establish habitual and prepotent behavior, so it would 
be  difficult to ignore these stimuli and withhold a prepotent 
response. In order to test this prediction, we used the inhibitory-
related ERPs observed during the Go/No-go task, as in previous 
studies. In the Go/No-go task, participants respond to a particular 
stimulus (Go trials) and withhold responses to another stimulus 
(No-go trials). ERPs recorded in the Go/No-go task reflect 
the rapid neural components of inhibitory control (Jodo and 
Kayama, 1992; Falkenstein et  al., 1999). There are two 
representative ERP components reflecting inhibitory processes: 
No-go-N2 and No-go-P3. To investigate these components, 
analysis is time-locked to the presentation of No-go-stimuli. 
In many cases, No-go-N2 was recorded from the anterior field 
showing a negative peak at approximately 270 ms. On the other 
hand, No-go-P3 was recorded from the parietal or posterior 
field showing a positive peak after 300 ms (Falkenstein et  al., 
1999). Previous research has shown that the level of conflict 
monitoring is reflected as an amplitude of the No-go-N2 
component, whereas the No-go-P3 component reflects the effort 
for motor inhibition (Liddle et  al., 2001; Donkers and Van 
Boxtel, 2004; Lavric et  al., 2004; Enriquez-Geppert et  al., 2010; 
Kropotov et  al., 2011). Through the analysis of these ERP 
components, it may be  possible to objectively evaluate the 
habitual and repetitive nature of purchasing behavior as a 
response history.

Based on the above data, we  conducted a Go/No-go task 
in the current study, using products with different purchase 
frequencies as stimuli. We  aimed to elucidate the influence of 
“long-term” behavioral history formed in daily life by examining 
whether the No-go-related ERP components changed depending 
on the difference in the purchase frequency of stimuli. 
We  hypothesized that withholding responses to the frequently 
chosen and purchased stimuli in participants’ daily lives would 
elicit greater No-go-related neural activity and show a weaker 
performance for action inhibition. Contrarily, withholding 
responses to infrequently chosen and purchased stimuli in daily 
life was predicted to elicit diminished No-go-related neural 
activity and intact task performance. To assess these hypotheses, 
we conducted a Go/No-go task in which the stimuli comprised 
real-life products, and recorded the ERP related to inhibitory 
control, that is, No-go-N2 and No-go-P3.

MATERIALS AND METHODS

Participants
To select stimuli for the experiment, a preliminary survey was 
conducted with 192 candidates. Of these, 24 healthy right-
handed adults (9 men and 15 women) satisfied the criteria 
of stimulus selection and participated in the present study 
(Mage  = 27.8 years, SD  = 7.2). All participants had a normal or 
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corrected-to-normal vision. The study was approved by the 
Keio University Research Ethics Committee (No. 15039) and 
performed in accordance with the Declaration of Helsinki. All 
participants provided written informed consent prior to their 
participation in the electroencephalogram (EEG) recording 
experiment. Two participants were excluded a posteriori from 
the analysis, including behavioral data, because of the failure 
of peak detection during the ERP analysis. Therefore, the final 
sample comprised 22 participants.

Stimuli
In order to select the stimuli for the Go and No-go trials, 
each participant responded to a question about the frequency 
of purchase or use of products and services. There were five 
categories of products: chocolates, carbonated drinks, beer, 
instant noodles, and SNS. Each category included five items; 
thus, participants evaluated the frequency of purchase or use 
of 25 products. The items used in each of the five categories 
include, for example, ‘Meiji Milk Chocolate (Meiji Holdings 
Co., Ltd.)’, ‘Mitsuya Cider (Asahi Soft Drinks Co., Ltd.)’, 
‘YEBISU Beer (Sapporo Breweries Ltd.)’, ‘Cup Noodle (Nissin 
Food Products Co., Ltd.)’, and ‘Twitter (Twitter, Inc.)’, 
respectively. Each of these items is available in Japan. Participants 
were presented with the following question, “Having the 
opportunity to purchase and use each category of goods and 
services, how often do you  purchase and use each item?” 
Participants reported the frequency of purchase and use on 
a 5-point scale, from 5 (“Almost certainly buy or use it”) to 
1 (“Hardly ever buy or use it”).

Goods chosen by the participants as middle purchase 
frequency (i.e., 3) were used as Go stimuli, and those with 
high (5 or 4) or low (2 or 1) purchase frequency were used 
as No-go stimuli. These three stimuli were selected from the 
same product category for each participant. In other words, 
for each participant, no stimulus selected from a different 
category was presented. Only those who met these criteria, 
that is, those who had three items with different purchase 
frequencies in the same category, were able to join subsequent 
experiments. If there were items with the same rating, one of 
them was randomly selected as the stimulus.

The breakdown of the adopted categories among the 
participants, excluding the two participants who later failed in 
ERP detection and were consequently excluded from the analysis, 
was as follows: chocolates for four participants, carbonated drinks 
for two participants, beer for four participants, instant noodles 
for four participants, and SNS for eight participants.

The stimuli were presented in the form of pictures, (see 
author’s note) and the size of the pictures varied among the 
stimuli because they were real-life products and had very 
different packaging. However, the visual angle of the pictures 
was maintained at approximately 4–5°.

Design and Procedure
Prior to the experiment, a preliminary survey was conducted 
on a different day. Participants responded to the purchase 
frequency survey to select stimuli for the subsequent experiment. 

Only those who met the aforementioned criteria of stimuli 
selection participated in subsequent EEG recording experiments 
after informed consent was obtained.

Each trial was composed of three parts: first, a fixation of 
1,300 ms; followed by the presentation of the stimulus (i.e., 
photographs of the product; see Figure  1) for 500 ms; and 
lastly, the presentation of a blank screen for 500 ms. Six sessions 
were conducted in total, with each session consisting of 140 
Go trials and 60 No-go trials. The stimuli of the No-go trials 
were alternately switched between high and low purchase 
frequency in every session. For example, if the participants 
were exposed to a high purchase frequency product as a No-go 
stimulus in the first session, they were exposed to a low 
purchase frequency product as a No-go stimulus in the next 
session. Across all sessions, the middle purchase frequency 
product was the Go stimulus.

Participants were asked to respond with a button press 
as soon as possible when the Go stimulus was presented 
and to withhold responses when the No-go stimulus was 
presented. To respond, every participant used the index finger 
of their right hand. The participants completed 10 practice 
trials prior to the first session. Stimulus presentation and 
response recording were done using Presentation Ver. 12.1 
(Neurobehavioral Systems).

Electrophysiological Recording and 
Analysis
The EEG was recorded using NetStation 5.3.0.1 with a 65-channel 
HydroCel Geodesic Sensor Net (Electrical Geodesics, Inc.). The 
physical reference while recording was placed at the vertex 
(Cz) electrode, but the data were later re-referenced to the 
common average in pre-processing. The sampling rate was 
500 Hz, and electrode impedance was maintained below 50 kΩ. 
Data were preprocessed and analyzed using EMSE 5.5.2 (Cortech 
Solutions, Inc.). We  applied a 0.5–30 Hz band-pass filter and 
a 50 Hz notch filter. ERPs were computed and time-locked 
from −100 ms to +500 ms after the onset of the stimuli and 

FIGURE 1 | Go/No-go task structure. Each trial was composed of fixation, 
stimulus, and a blank screen. Participants were asked to respond with a 
button press as soon as possible when the Go stimulus was presented and 
to withhold responses when the No-go stimulus was presented. Each session 
was composed of 140 Go trials and 60 No-go trials. Six sessions were 
conducted in total. The stimuli of No-go trials were alternately switched 
between high and low purchase frequency in every session. In order not to 
infringe copyrights and trademarks, the two product images of the stimuli in 
this figure are replaced with dummies.
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baseline-corrected using a 100 ms window before the stimulus. 
Epochs, including an EEG signal, exceeding ±100 μV were 
excluded from the average. On average, 93.7% of the total 
number of epochs remained. The No-go-N2 component was 
calculated as the peak amplitude between 200 and 340 ms. 
No-go-P3 was calculated as the mean amplitude between 330 
and 470 ms. ERPs were calculated only for successful No-go 
trials, that is, trials in which participants successfully withheld 
their responses. Two participants were rejected from the overall 
analysis because of the failure of ERP peak detection.

Many previous studies examining No-go-related ERPs have 
used electrodes near the top of the head, especially in the 
midline such as Fz, Cz, and Oz (Falkenstein et  al., 1999; 
Donkers and Van Boxtel, 2004; Enriquez-Geppert et  al., 2010; 
Kropotov et al., 2011, 2017). In the present study, after visually 
inspecting the topographical distribution of ERPs, Cz electrode 
was located in the center of relevant ERPs topographic mapping 
and was thus used in the subsequent analyses.

RESULTS

Behavioral Data
In the entire analysis, we  did not consider the qualitative 
differences of each product category but treated them as equal 
and analyzed behavioral performances and EEG data according 
to differences in stimulus conditions based on the frequency 
of purchase and use. To examine the effect of the No-go 
stimuli’s purchase frequency on behavioral data, we calculated 
the reaction time and miss (omission error) rate of the Go 
trial, false alarm (commission error) rate of No-go trial, and 
deployed paired t-tests to compare high and low purchase 
frequency conditions. In order to analyze the reaction times 
of Go trials, we  first excluded trials with a reaction time of 
less than 100 ms as outliers, and trials where participants 
responded after the Go stimulus had disappeared. For the 
remaining trials, trials with more than ±3 SD from the mean 
reaction time of each participant were excluded; the remaining 
trials were categorized as correct Go response (hit) or incorrect 
Go response (miss). Since the Go stimulus is always the 
same regardless of the purchase frequency condition of the 
No-go stimulus, we  analyzed the behavioral data of Go trials 
between sessions in which the stimulus with high purchase 
frequency was presented and sessions in which the stimulus 
with low purchase frequency was presented for the No-go 
stimulus. As a result, the reaction times of the correct Go 
response showed no significant differences between purchase 
frequency [365.46 ms and 366 ms for high and low purchase 
frequency conditions, respectively; t (21) = −0.18, p = 0.86]. 
The miss rate of the Go trial showed no significant differences 
between purchase frequency [4.76 and 4.29% for high and 
low purchase frequency conditions, respectively; t (21) = 1.14, 
p = 0.27]. Since the same stimuli were continuously used in 
the Go trials regardless of the purchase frequency conditions 
of the No-go stimuli, it is reasonable that behavioral performance 
in the Go trials exhibited no discernible difference. The false 
alarm rates of the No-go trial, calculated as the percentage 

of trials in which participants failed to withhold responses 
until the next trial began, had no discernible differences 
between purchase frequency [9.24 and 8.66% for high and 
low purchase frequency conditions, respectively; t (21) = 0.38, 
p = 0.71]. In summary, there was no significant difference in 
any of the behavioral indices (Figure  2).

ERP Data
A pronounced negative and positive distribution can be observed 
in the parietal area at the time corresponding to the No-go-N2 
and No-go-P3 components, respectively, and we  observed a 
salient No-go-N2 and slightly sloping No-go-P3 on electrode 
Cz (Figure  3A). We  calculated the peak amplitude between 
200 and 340 ms, and 330 and 470 ms as No-go-N2 and No-go-
P3, respectively, in the No-go trial with high purchase frequency 
product and the trial with low purchase frequency product 
(Figure  3B). We  conducted a paired t-test to evaluate the 
difference between the high and low purchase frequency of 
No-go stimuli in the peak amplitude of each component. As 
a result, there was a significant difference of peak amplitude 
only in the No-go-N2 component between the high and low 
purchase frequency [t (21) = 2.51, p = 0.02, Hedge’s g = 0.53]. 
No-go trials with high purchase frequency products elicited 
greater No-go-N2 amplitudes. On the other hand, there was 
no significant difference in the No-go-P3 component [t (21) = 0.82, 
p = 0.42].

DISCUSSION

In the current study, we  investigated the effect of response 
history formed in daily life, rather than short-term response 
history formed ad hoc in the laboratory. We treated the frequency 
of participants’ daily behavior of buying and using products 
as response history and investigated whether the difference in 
frequency, that is, the difference in response history, modulated 
the response control in a Go/No-go task.

Our results showed that the No-go trial with frequently 
purchased products elicited a greater No-go-N2 component 
than those with less frequently purchased products. It is 
important to note that no conditioning or learning took place 
during the course of the experiment. The main difference was 
seen in how often participants buy or use products in their 
daily lives. Nonetheless, there was a significant difference in 
the amplitude of No-go-N2 depending on the frequency of 
purchase or use in daily life. Additionally, participants’ behavioral 
responses to the stimuli in response history were concrete and 
complex everyday behaviors, such as purchasing products and 
using SNS, but the Go/No-go task was a simple action of 
pressing a button or not pressing it.

The No-go-N2 component is considered to reflect the response 
conflict in cognitive control (Liddle et  al., 2001; Donkers and 
Van Boxtel, 2004; Lavric et al., 2004; Enriquez-Geppert et al., 2010;  
Kropotov et al., 2011). Previous research on the source localization 
of No-go-related ERP components showed that the source of 
the No-go-N2 component was the medial prefrontal cortex, 
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especially around the anterior cingulate cortex (ACC; Bokura 
et al., 2001; Braver et al., 2001; Leung and Cai, 2007; Chmielewski 
and Beste, 2017). A number of studies have shown that the 

ACC is closely related to conflict monitoring (Van Veen et  al., 
2001; Van Veen and Carter, 2002; Botvinick et  al., 2004; Kerns 
et al., 2004). Our findings thus suggest that withholding responses 

FIGURE 2 | Comparisons of behavioral performance between high and low purchase frequency of No-go stimuli in Go/No-go task. Left: Reaction time of Go trial. 
Middle: Miss rate of Go trial. Right: False alarm rate of No-go trial. Error bars in all panels represent standard error of the mean. None of the differences were 
significant. n.s. = not significant.

A

B

FIGURE 3 | Event-related potential (ERP) analysis of Go/No-go task. (A) Left: An averaged waveform of ERP which was time-locked on the presentation of stimuli. 
Typical No-go-N2 and No-go-P3 components can be seen. Right: Topographical distribution of No-go-N2 and No-go-P3 components. A pronounced negative and 
positive distribution can be observed in the parietal area at the time corresponding to the No-go-N2 and No-go-P3 components, respectively. (B) Results of paired 
t-test of the peak amplitude of No-go-N2 (left panel) and No-go-P3 (right panel). No-go trials with high purchase frequency products elicited significantly greater 
No-go-N2 amplitudes. Error bars in both panels represent standard error of the mean. *Significant on p < 0.05.
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to frequently purchased stimuli evoked a stronger conflict. In 
other words, the response history of particular stimuli formed 
in daily consumer behavior elicited greater conflict when it 
became necessary to ignore those stimuli. It is considered that 
repeated purchase behavior for a product forms a strong 
stimulus–response association, and the stimulus tends to trigger 
automatic response, resulting in a stronger conflict in suppressing 
such automatic reactions. A similar mechanism has been  
pointed out in research conducted on habitual behaviors. 
Behavior performed repeatedly becomes habitual and is then 
triggered by contextual cues and guided by an automated 
process, rather than an elaborate cognitive process (Aarts et al., 
1998; Neal et  al., 2012). As a result, a greater response conflict 
will arise when withholding such automatic and habitual  
responses.

There is another possible interpretation for the observed 
No-go-N2 conditional difference. We  assumed that frequently 
purchased stimuli elicited stronger approach motivation for 
participants; thus, greater conflict was evoked when resisting 
approach motivation and withholding response to the stimuli, 
resulting in a greater amplitude of No-go-N2. Since frequent 
purchases indicate that a positive attitude toward the product 
was formed to some extent, we  can assume that the response 
history of frequent purchasing is linked to approach motivation. 
Therefore, we  can predict that rarely purchased products have 
no or relatively weak approach motivation and that participants 
face fewer conflicts during withdrawal behavior, resulting in 
a significant difference in No-go-N2 amplitude between frequently 
purchased stimuli and rarely purchased stimuli. It is a reasonable 
interpretation in light of another result of current study, which 
showed that the effect of reaction history occurs even when 
the type of the response in the past is different from that 
required in the present. A similar structure has been found 
in substance abuse patients’ inhibitory control studies. Substance 
abuse patients exhibit a strong attentional bias to substance-
related stimuli and often have difficulty inhibiting responses 
to drug-related stimuli (Cox et  al., 2002; Kaufman et  al., 2003; 
Marissen et  al., 2006; Field et  al., 2009; Luijten et  al., 2011, 
2014; Wilcockson and Pothos, 2015). One of the theories 
explaining these traits of substance abuse patients states that 
a strong approach motivation for substance easily captures one’s 
attention, making it difficult to inhibit response to drug-
related stimuli.

In the present study, there was a large gap between the 
frequency of presentation of Go and No-go stimuli. Therefore, 
it can be  considered that the N2 components in the current 
study may reflect the response to rare (deviant) stimuli as 
seen in the typical oddball paradigm. In fact, the general 
tendency observed in the Go/No-go task is that the lower the 
ratio of No-go trials presented, the larger is the No-go-N2 
amplitude (Bruin and Wijers, 2002; Kubo et al., 2021). However, 
some previous studies have reported that No-go-N2 can 
be  observed even when the probability of presentation of Go 
and No-go trials is equal (Jodo and Kayama, 1992; Nieuwenhuis 
et  al., 2003; Lavric et  al., 2004; Pandey et  al., 2012). Thus, in 
the context of inhibitory control task, it is reasonable to consider 
that the No-go-N2 component mainly reflects a demand of 

inhibitory control or the degree of conflict monitoring rather 
than an oddball-like novelty effect. In addition, the probability 
of high purchase frequency No-go stimuli was equivalent to 
that of low purchase frequency No-go stimuli; hence, it may 
be  reasonable to conclude that the difference in the No-go-N2 
amplitude found between high and low purchase frequencies 
was not caused by the differences in presentation probability. 
An oddball-like N2 for rare stimuli may have overlapped, but 
even if that were the case, it does not affect the conclusion 
of the main results of the present study.

The large difference in the probability of presentation across 
stimuli may have also affected the familiarity of the stimuli 
within the experiment. In this regard, since the number of 
No-go trials was identical between high and low purchase 
frequency stimuli, it is not reasonable to assume that the 
familiarity bias among No-go stimuli occurred during the course 
of the experiment. However, it is natural to assume that the 
products with high purchase frequency had a higher degree 
of familiarity from the beginning. Thus, it can be  inferred 
that the higher familiarity of No-go stimuli with high purchase 
frequency caused the greater No-go-N2 amplitude. If it is 
assumed that high familiarity directly enhances the N2 amplitude, 
then N2 should have been the largest in the Go trials, where 
the number of presentations was overwhelmingly large; however, 
this was not the case. Instead, a more likely explanation may 
that withholding response to highly familiar stimuli causes 
greater conflict and requires more effortful cognitive control. 
There is evidence of dissociation in the neural mechanism 
underlying response conflict and familiarity conflict using 
functional magnetic resonance imaging (Nelson et  al., 2003); 
these researchers showed that the ACC is involved in response 
conflict, whereas the left inferior frontal gyrus is involved in 
familiarity conflict. The association between response conflict 
and the ACC is consistent with the findings from previous 
EEG/ERP research; thus, using functional imaging will be  an 
effective approach to address this question. Since the present 
study was not devised to control the familiarity of the stimuli, 
direct manipulation of familiarity remains an issue for future 
study. Further research is required to elucidate the detailed 
mechanisms of enhanced No-go-N2 observed in the present study.

In contrast to No-go-N2, there was no significant difference 
in the purchase frequency in No-go-P3. The No-go-P3 component 
is considered to reflect inhibitory effort or the motor processing 
of inhibitory control (Donkers and Van Boxtel, 2004; Groom 
and Cragg, 2015). In fact, previous research suggested that 
the source of the No-go-P3 component is the supplementary 
motor cortex (Bokura et  al., 2001; Kropotov et  al., 2011). 
Therefore, it is reasonable that No-go-P3 is less sensitive to 
purchase frequency and more sensitive to task difficulty 
and performance.

As with the No-go-P3 component, there was no significant 
difference in any of the behavioral performance measures. 
Although inconsistent with previous research, a straightforward 
interpretation of the results suggests that response history does 
not affect task performance. However, it must be  mentioned 
that the task we used in the present study was low in difficulty. 
In general, it is said that the longer the preparation, the more 
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accurate the response control. In the current study, we  set a 
relatively long fixation screen. Additionally, there was only one 
Go stimulus and one No-go stimulus in each session; therefore, 
it seems that it was not difficult to select a correct response. 
Thus, it is possible that the low task difficulty may have 
contaminated the inherent impact of the difference in 
purchase frequency.

Unlike previous studies on response history, conflicting 
behaviors in the present study were completely different. A 
previous study suggested that greater response control is required 
when current cue–response associations are incompatible with 
past associations (Freitas et al., 2007). Applying a straightforward 
interpretation of prior research, the direct incompatibility of 
the required motor action between the preceding and current 
responses would evoke greater response conflict, thereby resulting 
in greater No-go-N2 amplitude. On the other hand, in our 
study, the preceding stimulus–response association decided 
whether to repeat a purchase behavior or not, while the Go/
No-go task required the participants to execute or withhold 
the button press response. Therefore, the cue–response association 
in action history and the stimulus–response association required 
to perform the task were different regardless of the condition 
of purchase frequency. This means that all conditions were 
equivalent in the sense that participants were required to make 
a response that was contrary to the preformed stimulus–response 
association. Nevertheless, the No-go trials with high purchase 
frequency products elicited a stronger effect of response conflict 
as No-go-N2; we  should consider an explanation other than 
the previous research that used the same type of behavior in 
past and present responses, such as differences in the direction 
of response (Cherkasova et  al., 2002; Manoach et  al., 2007), 
and the presence or absence of the response (Freitas et al., 2007).

Our study has some limitations that should be  pointed 
out. First, it remains unclear whether the strong response 
conflict arises from the high frequency of consumption or 
from strong approach motivation, such as a high degree of 
liking for the stimuli, or higher familiarity of the stimuli. 
Second, we  were unable to provide direct evidence for the 
different roles of No-go-N2 and No-go-P3 with respect to 
response history. Approach motivation might consist not only 
of automatic and habitual tendency to respond but also of a 
positive attitude or preference without a substantial response 
history. In the present study, we  only surveyed and controlled 
the frequency of purchase, and not the preference or the 
familiarity of the stimulus. One of the future prospects for 
resolving these limitations is to examine the changes in No-go-N2 
and No-go-P3 as a function of response history, approach 
motivation, and familiarity. More detailed studies in this area 
are required. Third, because we were not able to use participants’ 
actual purchase records and hence used self-reporting 
questionnaire, we  could not use precise data of frequency and 
period of purchasing behavior. A possible solution to this 
limitation is to use a product group that allows the use of 
point-of-sales data tied to the consumption behavior of 
each individual.

Our findings highlight that the amplitude of the No-go-N2 
component showed sensitivity to the purchase frequency of 

stimuli. Thus, from an applied psychophysiological perspective, 
the No-go-N2 component could be  utilized as a predictive 
value of purchase frequency or potential preference of products. 
The fact that the accumulation of daily purchasing behavior 
influenced the response suppression in the laboratory as a 
response history indicates that behavioral tendencies in daily 
life can be  verified in laboratory experiments. The degree of 
robustness of daily habitual and repetitive behaviors and decision-
making, such as consumption behavior, can be  potentially 
indexed by performance and inhibition-related ERP in the Go/
No-go task. Other studies have used EEG and ERP as indicators 
of consumer behavior (Ohme et  al., 2010; Khushaba et  al., 
2013; Yımaz et  al., 2014; Telpaz et  al., 2015), thus supporting 
the usefulness of EEG and ERP as analytical tools and indicators 
of consumer behavior.

CONCLUSION

In conclusion, the current study showed that the response 
history has a long-term impact and that previous trial effects 
occur even during different behaviors, such as consumer behavior 
in daily life and response control in an experimental task. 
Additionally, the present study implies that the mechanism by 
which past response history has an influence on present behavior 
is associated with habitual behavior, consumer behavior, and 
substance abuse behavior. Further studies must integrate these 
findings based on more generalized mechanisms that control 
human behavior.
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