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Recent studies have suggested that event-related brain potential (ERP) can represent consumer preference, and there is consensus that the N200 is the best indicator of consumer preference. Measurement of reference-dependent consumer preference, in turn, requires a reference point, but it remains largely unknown how reference points modulate the preference-related N200. We designed an experiment to investigate how reference points affect the N200 based on classical paradigms. In the single-reference condition, one product was displayed in each trial; in the conjoined-reference condition, a pair of products was displayed simultaneously. Our results showed that in the single-reference condition, low-preference products elicited more negative N200 than high-preference products, replicating previous results, but the N200 could not distinguish between low‐ and high-preference products when viewing two options of similar subjective value in the conjoined-reference condition. These findings suggest that reference points modulate the representation of the N200 on consumer preference. When only viewing one product, participants make a value judgment based on their expectations. However, when viewing two products simultaneously, both their expectation and the alternative product can serve as reference points, and whether the N200 can represent consumer preference depends on which reference point is dominant. In future research, reference points must be controlled when the N200 is used to explore value-related decision-making.
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INTRODUCTION

Evaluating consumer preference for products is an important issue in marketing because preference is one of the critical factors affecting consumer decision-making. Both conscious and subconscious opinions affect consumers’ decision-making, but subconscious motivations play a critical role (Agarwal and Dutta, 2015). Traditional preference elicitation methods, such as surveys, interviews, and questionnaires, obtain consumer preference through open and conscious reports. These traditional methods have been demonstrated to generate biased or inaccurate results and not assess subconscious opinions affecting consumer behavior (Johansson et al., 2006; Blumenschein et al., 2010; Agarwal and Dutta, 2015; Telpaz et al., 2015).

Neuroscience methods can elicit subconscious aspects of consumer preferences that are not apparent in traditional tools (e.g., questionnaires; Telpaz et al., 2015; Aldayel et al., 2020). The event-related brain potential (ERP) is a common neuroscience technique with several advantages, including high temporal resolution and much lower cost than fMRI, and is non-invasive and harmless. Many ERP studies have suggested relatively robust links between ERP components and their underlying cognitive activities, which has led to identifying the physiological factors influencing behavior and preference (Levy and Glimcher, 2012; Camerer and Yoon, 2015). Therefore, a handful of studies have investigated whether ERP components index consumer preference for products.

Although limited, existing studies have suggested that several ERP components can index preferences for consumer products (Junghöfer et al., 2010; Pozharliev et al., 2015; Telpaz et al., 2015; Schaefer et al., 2016). Telpaz et al. (2015) showed that the N200 was sensitive to consumer preference, with more negative amplitude for low‐ than for high-preference products. However, they did not find the sensitivity of late potentials (e.g., P300) to consumer preference. Goto et al. (2017) found that both the N200 and late positive potential (LPP) could index consumer preference, with a more negative N200 and less positive LPP for less-preferred than for highly-preferred products. Goto et al. (2019) further explored whether ERP components measured in response to a single consumer item could predict preference for this item. Their results showed that N200, LPP, and positive slow waves (PSW) could predict consumer preference for a product with an overall accuracy of 71%, although prediction accuracy varied for different components. Ma et al. (2018) found that the N200 and LPP were sensitive to the preferences of the consumers, and Tyson-Carr et al. (2018) revealed that low-value items elicited a more pronounced N200 than high-value items.

Event-related brain potential studies have consistently suggested that the N200 could index consumer preference, with more negative amplitude for low‐ compared with high-preference products. However, results have been inconsistent for later ERP components. These findings suggest that the N200 is the best indicator of consumer preference.

These preference elicitation paradigms for ERP measurement can be summarized into two categories. First, one product is viewed in each trial, and participants are asked to make responses according to their judgment (Telpaz et al., 2015; Goto et al., 2017; Ma et al., 2018; Tyson-Carr et al., 2018). Second, two products are displayed simultaneously in each trial, and participants are required to choose which product they prefer (Li et al., 2012; Larsen and O’Doherty, 2014; Gui et al., 2016; Goto et al., 2019).

Although the ERP components can be used as a “common scale” to compare the value of products, evaluating the value requires reference points. In the first paradigm described above, in which only one product is presented in each trial, the expectation of a participant, which is formed by history and experience, can serve as the reference point. In the second paradigm, two products are displayed simultaneously, and ERP components can measure the value of a given option. Therefore, both the expectation and the alternative can influence the valuation process.

Outcomes are commonly perceived as positive or negative concerning a reference point, and expectation can sever as a reference point (Tversky and Kahneman, 1981; Yu et al., 2007). Existing studies have suggested that the N200 evoked by identical events can differ depending on the reference point (Holroyd et al., 2004a; Yu et al., 2007). For instance, the outcomes with no reward elicited an N200 when the alternative outcomes were rewards, whereas the identical outcomes did not elicit an N200 when the alternative outcomes were monetary losses (Holroyd et al., 2004a). Therefore, the N200 is generated by unfavorable feedback, but the reference point determines what constitutes unfavorable feedback.

Although studies using these paradigms have consistently suggested that the N200 can index preference, it remains largely unknown how reference points modulate the N200. In the second paradigm, both the expectation and the alternative can serve as the reference point. Since different reference point means different N200, which reference point dominates the N200 in the second paradigm? Which paradigm can better elicit consumer preference, for two categories of paradigms described above?

To examine these issues, this study explored how the expectation and the alternative influence the representation of the N200 on consumer preference. In our experiment, we studied the N200 effect in two paradigms using the same products. In the single-reference condition, only one product was viewed in each trial; in the conjoined-reference condition, a pair of products was displayed simultaneously.

The N200 is considered representative of early evaluation based on a binary classification of good vs. bad events among the salient dimension, and other features of the stimulus can modulate the N200 effect (Hajcak et al., 2006; Wu et al., 2012). If a feature enhances the salience of this dimension, the N200 effect becomes larger; if a feature diminishes the salience of this dimension, the N200 effect is reduced (Liu et al., 2014). Therefore, we predicted that the N200 effect for consumer preference would be diminished when viewing two products.



MATERIALS AND METHODS


Participants

A total of 17 right-handed undergraduates [10 females and 7 males; ages 19–24 years, mean 21.05 years (SD = 1.36)] were recruited. All participants had normal or corrected-to-normal visual acuity and no history of neurological or mental disease. All participants signed informed consent forms before the experiment, which was performed per the Declaration of Helsinki and was approved by the Ethics Committee of the School of Economics, Shandong University, China. The participants received an average of 60 Chinese yuan (approximately $9.23) in compensation.



Task and Stimuli

Our experiment consisted of three phases: (1) product rating, (2) single reference, and (3) conjoined reference. An electroencephalogram (EEG) was recorded while the participants completed phases (2) and (3).

The participants were required to give value ratings to 45 kinds of fruits in the product rating phase. First, the participants were briefly shown all items to familiarize them with the stimuli. Afterward, they indicated how much they preferred each fruit using a Likert scale with a rating of −3 (most disliked) to 3 (most liked) with unitary increments. The stimuli were then divided into two groups based on the participant’s score. The high-preference group consisted of the most-preferred five types of fruits, while the low-preference group consisted of the least-preferred five types of fruits.

In the single reference phase, in each trial, the participants were shown a picture of one fruit selected at random from the two groups of fruits (high‐ and low-preference groups). Each type of fruit was repeated 10 times, yielding 100 trials. The participants were instructed to report their rating for the fruit shown as either high or low.

In the conjoined reference phase, two fruit pictures were displayed simultaneously on the screen. Each fruit was paired with fruit from the same group without duplication, resulting in 10 pairs for each group. Each pair was repeated five times, yielding 100 trials. The participants were instructed to indicate which of the two options they preferred.

At the beginning of the experiment, the participants were told that the market value of the fruit in each trial was nearly identical. The subsequent post-experimental questionnaire revealed that all participants believed this statement.



Procedure

The participants were instructed about the rules of the experiment task through an explanation of the written instructions. The task was performed in a quiet and isolated laboratory. The participants were told that they would be paid for their participation after completing the experiment. The recording session took approximately 30 min.

Each trial in the single-reference condition adopted the following sequence. A red cross was first presented in the center of the screen for 800–1,200 ms. Then, a picture of a randomly selected fruit was displayed for 1,500 ms. Next, the word “choose” appeared until the participants made a choice. The participants were required to indicate whether the fruit was of high or low subjective value by pressing either the right key of the mouse to denote a high value or the left key to denote a low value. After a blank screen was displayed for 1,000 ms, the next trial began (Figure 1). A total of 100 trials were randomly divided into two blocks of 50 trials each.

[image: Figure 1]

FIGURE 1. Sequence of trial events. (A) Single-reference condition. The task was to judge whether the fruit presented was of high or low value. (B) Conjoined-reference condition. The task was to judge which fruit was of higher value.


The procedure in the conjoined-reference condition was the same as the single reference condition except that two fruit pictures were displayed simultaneously. The orders of pictures were randomly assigned, and the positions of pictures were randomly assigned (left or right) on each trial and counterbalanced across trials. The participants had to indicate which fruit was of higher subjective value by pressing either the left key of the mouse to denote that the value of the fruit1 (i.e., the fruit shown on the left) was higher or the right key to denote that the value of the fruit2 was higher.



EEG Recording and Analysis

Electroencephalograms were acquired continuously at a 1,000 Hz sampling rate with a Neuroscan Synamp2 Amplifier using an electrode cap with Ag/AgCl electrodes mounted according to the extended international 10–20 system. The EEG signals were amplified online (bandpass: 0.05–0.100 Hz). All electrode recordings were referenced online to the left mastoid and re-referenced offline to the left and right mastoid average. Electrode impedance was kept under 5 kΩ. Following electrode application, the participants sat in a comfortable chair in a shielded room and were asked to fixate on the center of a computer display located 1 m away from their eyes.

Electroencephalogram epochs of 1,000 ms (from −200 to 800 ms after the onset of stimulus) were extracted offline, and the 200 ms prestimulus was defined as a baseline. Data were then corrected for ocular artifacts with an algorithm implemented in the Neuroscan software (Curry 7, Compumedics, El Paso, TX, United States).1 Trials contaminated by amplifier clipping, bursts of electromyographic activity, or peak-to-peak deflection exceeding ±75 μV were excluded from further analysis. The remaining trials were baseline corrected. The EEG segments were averaged separately for product type (high vs. low preference). The averaged ERPs were digitally filtered with a low-pass filter at 30 Hz. A within-subjects repeated measure of ANOVA was used to analyze the ERP data.

According to classical definitions, the N200 is an ERP component occurring in the time window of 250–350 ms after the onset of the stimulus. Our visual inspection of waveforms showed that the N200 had its maximum at Fz at approximately 330 ms. Therefore, the mean amplitudes between 300 and 350 ms after offer onset were analyzed for the N200. Consistent with previous research, the peak potential of the N200 was distributed on the prefrontal scalp areas; therefore, we selected six electrodes from the prefrontal scalp (F3, Fz, F4, FC3, FCz, and FC4) for statistical analysis.

Behavioral and ERP data were analyzed using SPSS (version 22, SPSS Inc., Chicago, IL, United States). A Greenhouse–Geisser correction for the violation of sphericity assumption was applied when the degrees of freedom exceeded one. The significance level was set at p < 0.05 for all analyses.




RESULTS


Behavioral Results

In the single-reference condition, participants’ decisions were per their ratings of the fruits. Participants tended to assign high (low) values for the presented fruits after assigning high (low) ratings in the previous phase.

In the conjoined-reference condition, the participant’s valuation of two options was almost the same. The average choices for all participants on the left presented fruit, and right one were 49 and 51%, respectively, for the high-preference group and were 48 and 52%, respectively, for the low-preference group. These results were also consistent with the predictions of rating results.

Mean response times ± standard errors of choices were 492 ± 19 ms and 627 ± 34 ms, respectively, for single‐ and conjoined-reference conditions. Mean response times in the conjoined-reference condition were significantly larger than in the single-reference condition (T = −3.336, p = 0.004).



ERP Results


Single-Reference Condition

To define neural responses to product type, a 2 (product type: high‐ vs. low-preference) × 6 (electrodes: F3, Fz, F4, FC3, FCz, and FC4) repeated measures ANOVA was conducted on the mean amplitude of the N200. The ERP waves evoked by high‐ and low-preference products are shown in Figure 2. The results revealed significant main effects of product type [F(1, 16) = 25.749, p < 0.001, ηp2 = 0.617] and electrodes [F(5, 80) = 13.772, p < 0.001, ηp2 = 0.463]. A significant product type × electrodes interaction was not observed [F(5, 80) = 0.993, p = 0.403, ηp2 = 0.058]. Low-preference products elicited a more negative-going deflection than did high-preference products (Figures 2, 3).
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FIGURE 2. ERP responses time-locked to the onset of stimuli in the single-reference condition. ERP, event-related brain potential.


[image: Figure 3]

FIGURE 3. Scalp topography (350 ms) in the single-reference condition.


The scalp voltage maps showed strong positive activity in the occipital areas, so a 2 (product type: high vs. low preference) × 3 (electrodes: O1, Oz, and O2) repeated measures ANOVA was conducted on the mean amplitude as same time windows as the frontal-N200. There was no significant main effect of product type [F (1, 16) = 0.176, p = 0.680, ηp2 = 0.011], and no significant interaction between product type and electrodes [F(2, 32) = 0.717, p = 0.441, ηp2 = 0.043], although a main effect of electrodes [F(2, 32) = 13.939, p < 0.001, ηp2 = 0.466] was observed.



Conjoined-Reference Condition

The ERPs evoked by paired products are shown in Figure 4. A 2 (product type: high‐ vs. low-preference) × 6 (electrodes: F3, Fz, F4, FC3, FCz, and FC4) repeated measures ANOVA was conducted on the mean amplitude of the N200. There was no significant main effect of product type [F(1, 16) = 0.425, p = 0.524, ηp2 = 0.026], and no significant interaction between product type and electrodes [F(5, 80) = 0.314, p = 0.802, ηp2 = 0.019]. A significant main effect of electrodes [F(5, 80) = 5.138, p = 0.022, ηp2 = 0.243] was found (Figures 4, 5).

[image: Figure 4]

FIGURE 4. ERP responses time-locked to the onset of stimuli in the conjoined-reference condition.


[image: Figure 5]

FIGURE 5. Scalp topography for high‐ and low-preference at 300 ms in the conjoined-reference condition.


The scalp voltage maps showed strong positive activity in the occipital areas, so a 2 (product type: high vs. low preference) × 3 (electrodes: O1, Oz, and O2) repeated measures ANOVA was conducted on the mean amplitude as same time windows as the frontal-N200. There was no significant main effect of product type [F (1, 16) = 0.033, p = 0.859, ηp2 = 0.02], and no significant interaction between product type and electrodes [F(2, 32) = 0.510, p = 0.5241, ηp2 = 0.031]. A significant main effect of electrodes [F(2, 32) = 6.098, p < 0.013, ηp2 = 0.276] was found.




Time-Frequency Analysis


Single-Reference Condition

In addition to the ERP component, event-related spectral perturbation (ERSP) analysis was conducted to explore the relationship between a specific frequency domain within the EEG signal and the subjective value of the stimulus.

The average theta power following the presentation of low-preference products (M = 11.7471 dB, SD = 8.0224) was significantly stronger than that following the presentation of high-preference products (M = 6.093 dB, SD = 6.70981) at electrode Fz [t (17) = −3.302, p = 0.004] for the time 200–350 ms after presentation (Figure 6).

[image: Figure 6]

FIGURE 6. ERSP for high‐ (left) and low‐ (right) preference products at electrode Fz in the single-reference condition. ERSP, event-related spectral perturbation.




Conjoined-Reference Condition

The average theta power following the presentation of paired products with low subjective values (M = 8.8628 dB, SD = 5.57763) was similar to that following the presentation of paired products with high subjective values (M = 6.1268 dB, SD = 9.63887) at electrode Fz [t (17) = −1.055, p = 0.307] for the time 200–350 ms after presentation (Figure 7).

[image: Figure 7]

FIGURE 7. ERSP for high‐ (left) and low‐ (right) preference products at electrode Fz in the conjoined-reference condition.






DISCUSSION

In this study, we explored how reference points influence the preference-related N200. When only one product was displayed in each trial, low-preference products elicited more pronounced N200 than high-preference products. When a pair of products with similar preferences was viewed simultaneously, the N200 difference between low‐ and high-preference products disappeared. This suggests that reference points can modulate consumer preference elicitation.

The anterior cingulate cortex (ACC) can represent participants’ expectation of rewards with particular stimulus features, even though these features are unrelated to actual rewards (Yeung et al., 2005; Telpaz et al., 2015; Schaefer et al., 2016). Events against expectation can trigger the modulation of dopaminergic activity in the ACC, which is then reflected in the N200. Previous studies have demonstrated that unfavorable events elicit a more negative N200 than favorable events (Hajcak et al., 2006; Simons, 2010; Kreussel et al., 2012). It is human nature to seek advantages and avoid disadvantages, and by definition, people appreciate high-value items. Therefore, when viewing a single object for value judgment, an individual may expect it to be a high-value item (i.e., a good item), and this expectation may be used as a reference point in assigning value to that object. That low-preference product elicited more pronounced N200 than high-preference products in the single-reference condition is in accordance with these previous findings.

The paradigm in the single-reference condition is similar to most previous consumer preference studies (Telpaz et al., 2015; Goto et al., 2017; Ma et al., 2018; Tyson-Carr et al., 2018). In these study paradigms, only one product is presented in each trial, and participants make a value judgment using only their expectations. Studies using this paradigm have consistently shown that the N200 following presentation of low-preference products was more negative than the N200 following high-preference products. Our results in the single-reference condition replicated previous findings.


Gehring et al. (2012) extracted theta oscillations using the Morlet wavelet transform and found frontally focused theta (4–7 Hz) activity for monetary losses compared with monetary gains when the medial frontal negativity (MFN) was evoked. Billeke et al. (2013) found that theta activity, which reflects the activity of dACC, was modulated by the individual strategy of the study participant. Telpaz et al. (2015) found a correlation between the theta band power and participants’ rank-ordered preferences without requiring any hemispheric asymmetry. They demonstrated that predictive power depends on the magnitude of the theta power band, suggesting a cardinal scale for their measurement. Moreover, they demonstrated that the signal likely originates from frontal areas.

The N200 and feedback-related negativity (FRN) are negative deflections at fronto-central recording sites, and they peak between 250 and 350 ms post-presentation of stimuli (Nieuwenhuis et al., 2004a; Holroyd and Krigolson, 2007). The N200 and the FRN share similar scalp distributions, time courses, morphologies, and functional dependencies (Miltner et al., 1997; Gehring and Willoughby, 2002; Yeung et al., 2004; Telpaz et al., 2015). Source localization studies have demonstrated that both the N200 and the FRN are generated in ACC (Miltner et al., 1997; Gehring and Willoughby, 2002; Yeung et al., 2004), and this notion has been supported by fMRI research (Holroyd et al., 2004b; Huettel and McCarthy, 2004; Mars et al., 2005) and intracranial studies (Halgren et al., 2002; Wang et al., 2005). Therefore, scholars have suggested that they may be the same phenomenon (Toyomaki and Murohashi, 2005; Holroyd et al., 2006, 2008; Holroyd and Krigolson, 2007; Kamarajan et al., 2009; Walsh and Anderson, 2012; Xiong et al., 2014; Telpaz et al., 2015). Holroyd et al. (2006) verified this notion using a guessing task and an oddball task, and Holroyd et al. (2008) replicated their 2006 finding using an oddball task and a time estimation task. Therefore, the findings on the FRN can be used to explain the N200.

The FRN is considered to represent an evaluation of stimuli along a general good-bad dimension, with more negative amplitude following unfavorable compared with favorable outcomes (Hajcak et al., 2006; Kreussel et al., 2012). However, several studies questioned this and suggested that the FRN is sensitive to unlikely outcomes, regardless of their valence (Oliveira et al., 2007; Ferdinand et al., 2012). These studies have also suggested that for a stimulus conveying multiple dimensions of information, the FRN is sensitive to the most perceptually salient information and insensitive to the same information when it is not perceptually salient (Nieuwenhuis et al., 2004b; Liu and Gehring, 2009; Liu et al., 2014).

In our conjoined-reference condition, when two products were displayed simultaneously, participants had to judge which product was more valuable based on two reference points: their expectation and the alternative product. Because the two options were of similar subjective value, participants had to pay more attention to distinguish them. Therefore, the value of the alternative became a salient reference point, and the expectation was no longer a salient reference point. So, the N200 did not reflect the difference between low‐ and high-preference products in the conjoined-reference condition.

Contrary to our findings, several studies with a similar study paradigm to our conjoined-reference condition found that the N200 could represent preference (Li et al., 2012; Gui et al., 2016; Goto et al., 2019). This inconsistency may be the result of participants using different reference points. In previous study paradigms, low-preference products were paired with high-preference products. The value difference between the two options was large enough to make it easy to distinguish between them in these trials. The low decision conflict forced participants to use the expectation as the salient reference point. Therefore, the N200 can index consumer preference. In the conjoined-reference condition, both the alternative option and the expectation serve as reference points. If the expectation serves as a main reference point, a less-than-expected product will elicit more negative N200. Therefore, N200 can represent consumer preference. However, the small difference between the two options would result in high decision conflict, in which the alternative option would serve as the main reference point. Thus, N200 cannot represent consumer preference in these scenarios. In summary, both of the paradigms in the present study can be used to distinguish between high and low consumer preferences if appropriate reference points are selected.

Previous studies have implicated the ACC in conflict monitoring during perceptual tasks (Botvinick et al., 2001; Greene et al., 2004; Stauffer et al., 2014). An fMRI study by Pochon et al. (2008) revealed that the ACC indeed indexed conflict at the decision stage. They found that facing difficult (high conflict) decisions led to increased ACC activity relative to easier (low conflict) decisions. In our experiment, because all paired products were of similar value, it was more difficult for participants to distinguish which product they preferred. The ACC activity reflected this high conflict, and a similar N200 was evoked irrespective of the value.

Feedback-related negativity represents early evaluation based on a binary classification of good vs. bad events among the salient dimension, and other features conveyed by the stimulus can modulate this FRN effect (Nieuwenhuis et al., 2004b; Hajcak et al., 2006; Liu and Gehring, 2009; Wu et al., 2012; Liu et al., 2014). If a feature enhances the salience of the dimension, the FRN effect becomes larger; if a feature diminishes the salience of the dimension, the FRN effect is reduced. For example, Liu et al. (2014) investigated how the perceptual properties of the feedback modulate the FRN. In their study, when the perceptual properties between gain and loss feedback were different, the FRN amplitude for loss feedback was larger relative to when perceptual properties between gain and loss feedback were similar. They suggested that incongruent perceptual properties enhanced the salience of valence and elicited a larger difference wave in the FRN. These findings support our results.

In our conjoined-reference condition, the negativity trend remained strong for the entire measurement period. This may be because when evaluating an option, in addition to effects of subjective value, decision-making is influenced by decision conflict (Pochon et al., 2008; Peters and Büchel, 2011). Decisions are difficult when options are of similar value, whereas decisions are easier when option values are different (Peters and Büchel, 2011). Studies of decision conflict monitoring have suggested that the high decision conflict condition would result in a more negative wave in the fronto-central areas 250 and 500 ms after stimulus presentation than a low decision conflict condition (Liotti et al., 2000; Van Veen and Carter, 2002; Markela-Lerenc et al., 2004; Yang and Zhang, 2011). In the conjoined-reference condition, because the two options were of similar subjective value, participants had to pay more attention to distinguish them. Therefore, decisions in the conjoined-reference condition were more difficult than those in the single-reference condition. Furthermore, in our decision task, decision-making was divided into two stages: the valuation stage and the choice stage. Mean response times in the conjoined-reference condition were significantly larger than that in the single-reference condition. This indicated that the decisions in the conjoined-reference condition were difficult and that trade-offs were made throughout the evaluation stage to affect the choice responses in subsequent stages. Therefore, the negativity trend remained strong for the entire measurement period during the valuation stage.



CONCLUSION

In summary, the N200 can index consumer preference, but specific reference points influence it. When only viewing one product, participants make a value judgment based on their expectations, and the N200 is a good indicator of consumer preference. When viewing two products simultaneously, both the expectations of the participants and the alternative can serve as reference points, and whether the N200 can represent consumer preference depends on which reference point is dominant. If the value of the two options is similar, the alternative serves as the dominant reference point, and the N200 cannot reflect consumer preference. If the value of the two options is different enough to make the expectation a dominant reference point, the N200 can represent consumer preference. These findings contribute to an understanding of the neural processes underlying consumer preference. In future research, the reference points must be controlled when the N200 is used to explore value-related decision-making.
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FOOTNOTES

1We also removed ocular artifacts using independent component analysis (ICA) as advised by Jung et al. (2000). There was no significant difference in ERP results between the two methods.
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