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Is the Discount Really Favorable? The Effect of Numeracy on Price Magnitude Judgment: Evidence From Electroencephalography
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Attractive price promotion will induce an unreasonable willingness to purchase, especially through shopping. However, it is not clear how numeracy, one of the essential abilities for understanding and applying numbers, influences the process of purchase judgment. In total, 61 participants were recruited to perform a price promotion task using electroencephalography. The results showed that consumers with low numeracy performed worse than their peers with high numeracy at the behavioral level, and they also had lower P3b amplitude and less alpha desynchronization, regardless of price promotion frameworks. These findings provided evidence on the processing of price information and provided further insights into how numeracy impacts price magnitude judgment.
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INTRODUCTION

Shopping online is widespread due to the popularity of the Internet and smart handheld devices. Various price promotion messages are sent by various shopping applications, such as the message “20% off for fashion women’s wear” sent through the Taobao application. Such attractive price promotion messages will increase the consumers’ desire to make a purchase (Feng et al., 2017). In economics and psychology, price cognition plays an important role in consumer behavior models, and subjective judgment of price magnitude is a determining factor for purchase decisions (Monroe, 2003; Winer, 2006; Thomas and Morwitz, 2008; Tang and Song, 2019). However, not all discounts are appropriate for consumers’ decision-making process in a purchase decision context; for instance, an identical product may be sold at two shops with different original prices and discounts. Previous studies have indicated that numeracy, one of the essential abilities for making a rational judgment about the discount, reduces irrational consumption (Tan and Bogomolova, 2016; Feng et al., 2017). However, the cognitive mechanisms and neural underpinnings of how numeracy influences price magnitude judgment remain unknown.

Price contains numerical information represented in the practical context (Cao et al., 2012). Based on the literature on psychological, psycho-physiological, and numerical cognition, the present study aimed to explore and provide further insights into the processing involved in price magnitude judgment and to investigate the effect of numeracy on price magnitude judgment. In particular, this article was organized into three main sections: The first section introduced the concept of price magnitude judgment, two common promotion frameworks, and a putative model of price cognition, which provided a schematic representation of the process of price magnitude judgment put forward by Thomas and Morwitz (2008); informed by this review, the second section outlined the role of numeracy in consumers’ price cognition according to the literature; and the third section present the contributions of this study to the literature on price cognition and the purpose and hypothesis of the present study.


Price Magnitude Judgment and Promotion Frameworks

In daily purchase scenarios, consumers need to compare prices, such as assessing the difference between the offered price and the reference price of a commodity. This process is referred to as price cognition, a cognitive process through which consumers judge the price amount or the difference between two prices and make a price magnitude judgment (Monroe and Lee, 1999; Neidrich et al., 2001; Thomas and Morwitz, 2008; Jones et al., 2012; Raposo et al., 2018).

Two kinds of price promotion frameworks are commonly found in the market to study price magnitude judgment: absolute discount (money-off, e.g., regular price: 52.00 yuan; sale price: 36.50 yuan) and relative discount (percentage-off, e.g., regular price: 52.00 yuan; discount: 70%) (Chen et al., 1998; Jones et al., 2012; Suri et al., 2013; Coulter and Roggeveen, 2014). Purchase behavior will be engendered by such promotions (Feng et al., 2017). Researchers have found that these two kinds of promotion frameworks not only have a positive effect on perceived savings (Krishna et al., 2002) but also influence purchase intention (Chen et al., 1998).

Retailing and marketing studies have revealed the influence of promotion frameworks on price cognition behaviorally and found that various promotion frameworks give rise to different mental representations (Graffeo et al., 2015). Thomas and Morwitz (2008) hypothesized that during the encoding stage of making magnitude judgments between the offered price and reference price, the process of the absolute discount is represented on a mental number line and is compared; the relative discount is represented through arithmetic operations. Most studies in related fields have aimed to reveal the associated framing effects (Graffeo and Bonini, 2018; Guha et al., 2018). However, these two mental representations are different in numerical cognition. Previous studies paid less attention to the different mental representations of various promotion frameworks. Consequently, to understand the psychological mechanisms that underlay consumers’ responses to price, it is better to analyze these two kinds of promotions separately.

Studies on price cognition have also verified findings of magnitude representations in numerical cognition, such as the logarithmic representation of price (Dehaene and Marques, 2002; Furlong and Opfer, 2009) and holistic processing of price comparison (Giuliani et al., 2017; Barone et al., 2020). Drawing lessons from the framework of Dehaene’s (1992) number comparison, Thomas and Morwitz (2008) described the schematic representation of the process of price magnitude judgment. During the encoding stage of making magnitude judgments between the offered price (sale price) and reference price, digit symbols are transcoded into an analog in consumers’ working memory. Then, they can be compared directly by arithmetic operations, or represented on a mental number line and compared. Therefore, the process of price magnitude judgment can be thoughtful and rule-based (as through arithmetic operations) or instinctive and associative (as through analog representations on the mental number line). This offers insights into how consumers represent price information.



Numeracy and Price Magnitude Judgement

Numeracy refers to the ability to understand and apply numbers (Peters et al., 2007) and includes the ability to understand taxes, perform simple arithmetic operations, and compare numbers (Zhou and Xin, 2012). In the present study, numeracy is referred to as quantitative literacy, namely, applying arithmetic operations and using numerical information in printed materials (Reyna et al., 2009). Numeracy is important because individuals with high numeracy are less constrained by the framework of expression (Peters et al., 2006; Peters and Levin, 2008) and can judge risk information more precisely (Fagerlin et al., 2005; Dieckmann et al., 2009). Graffeo and Bonini (2018) examined the interaction of price presentation formats and numeracy and found that the preferences of individuals with low numeracy changed radically across presentation formats. The authors indicated that processes of evaluating price reductions were modulated by numeracy, and low-skilled consumers were particularly vulnerable to certain forms and depended on a single strategy. Moreover, having good numeracy skills may be particularly important for individuals with low levels of income who need to manage their budgets. Attractive discounts on the surface stimulate consumers’ willingness to purchase and increase sales (Guha et al., 2018). Similar to Black Friday in America, Double 11 is a large-scale promotion event in China. Many unscrupulous businesses increase the original price of the products before this activity starts and then announce the promotion to stimulate consumption. Therefore, it is necessary to understand authentic preferential strength or discount depth. Numeracy here refers to a consumer’s ability to assess whether a price after a discount is an actual bargain (Klichowski and Kroliczak, 2020). Consumers with high numeracy compared prices in a logical manner and successfully met their shopping goals (Tan and Bogomolova, 2016).

Previous studies have consistently found that numeracy moderated the relationship between promotion frameworks and purchase behavior (Kleber et al., 2016; Graffeo and Bonini, 2018; Guha et al., 2018). For example, Graffeo and Bonini (2018) found that consumers with low numeracy were attracted by percentage formats and vulnerable to promotion frameworks. However, the representation of promotion frameworks varied as mentioned earlier. It is better to uncover the cognitive mechanisms of numeracy involved in purchase behavior while controlling for promotion frameworks. At Shop A, jeans is sold at a regular price of 65 with a 20% discount; at Shop B, it is sold at an original price of 85 with a 30% discount. Graffeo et al. (2015) asked consumers to choose the best deal, revealing the mediating role of the decision-making approach used in the relationship between numeracy and choice. They found that consumers with low numeracy used a more incomplete decision-making approach and selected the worst option more often. Consumers with low numeracy regard arithmetic operations as particularly tiring and possess limited numeric ability or have an aversion to using numbers (Graffeo et al., 2015; Kleber et al., 2016). In the schematic representation of the process of price magnitude judgment (Thomas and Morwitz, 2008), these arithmetic operations are critical for the representation of a relative discount. We expected numeracy to affect price magnitude judgment of a relative discount but to have no effect on that of an absolute discount.

The literature on numerical cognition has shown that individual differences in math ability affect numerical representation (e.g., De Smedt et al., 2009; Gómez-Velázquez et al., 2015, 2017) and the processing of arithmetic (e.g., Artemenko et al., 2019; Alnajashi, 2021). For example, De Smedt et al. (2009) found that the distance effect was related to math ability in a numerical comparison task and indicated that high math ability enables a precise representation. Gómez-Velázquez et al. (2015) compared the numerical magnitudes represented in children with different levels of mathematical achievement (low, average, and high achievement) and indicated that math difficulties might be related to a more general magnitude representation problem. Furthermore, the authors (2017) suggested that low-achieving children must exert more memory and attentional effort to meet task demands. Artemenko et al. (2019) recruited individuals with high and low math ability to solve multiplication and division problems and found that individuals with low math ability performed slowly behaviorally and showed less activation in the left supramarginal gyrus (SMG), superior temporal gyrus (STG), and inferior frontal gyrus (IFG) at the neural level. These areas were associated with left perisylvian language areas, which support arithmetic fact retrieval (Klein et al., 2019; Peters and De Smedt, 2018). The authors indicated that individuals with high math ability used more arithmetic fact retrieval while performing an arithmetic task. Alnajashi (2021) found that high performers displayed more alpha power during mental arithmetic tasks. Reyna et al. (2009) argued that difficulties in health decision-making may be due to imprecise representations of number magnitude among those with low numeracy. Based on the aforementioned relevant illustration, we assumed that individuals with low numeracy may perform worse on both tasks and show imprecise representations in the absolute discount task and less efficient processing of arithmetic in the relative discount task.



The Present Study

Here, we summarized the contributions of this study to the literature on price cognition. This study was intended to explore and provide further insights into the processing of price magnitude judgment from the perspective of numerical cognition. There were two main research orientations on price cognition: numerical cognition and decision-making (Zhou and Xin, 2012). Studies on numerical cognition have considered price cognition as the expansion of numerical cognition and regarded it as situational numerical cognition (Zhou and Xin, 2012). Although the ecological validity of numerical cognition is low, fruitful research and accurate findings on numerical comparison and arithmetic operations in the field of numerical cognition are conducive to a complementary understanding of the findings of price cognition (Zhou and Xin, 2012). Thomas and Morwitz (2008) suggested that the characteristics of price cognition could be understood comprehensively by combining perspectives on numerical cognition and decision-making.

Moreover, a neuroscientific method can enhance the understanding of the marketing and consumer theory (Plassmann et al., 2015). Although the approach is flourishing in consumer neuroscience (Solnais et al., 2013; Plassmann et al., 2015; Bell et al., 2018; Hakim and Levy, 2018), only few researchers attempted to reveal mechanisms that underlie consumers’ responses to price by using high-density electroencephalography (EEG). For example, Jones et al. (2012) investigated how math anxiety affects brain responses to buying decisions and found that for female individuals with high levels of math anxiety, a larger P3 was observed under promotions, which is sensitive to outcome responses in the brain. Consequently, as a unique and efficient gateway, EEG studies provide further evidence for consumers’ responses to price. P3b indexes resource allocation in the temporal–parietal area (Fjell et al., 2007; Polich, 2007; Cao et al., 2012; Jones et al., 2012; Schaefer et al., 2016; Ma et al., 2018; Tang and Song, 2019). Schaefer et al. (2016) indicated that P300 was sensitive to price. In addition, brain oscillation is also an effective means to uncover psychological processes involved in consumer behavior (Plassmann et al., 2015; Bell et al., 2018). The alpha band (8∼12 Hz) is distributed mainly in the posterior area and can be subdivided into the lower alpha (8∼10 Hz) and upper alpha bands (10∼12 Hz) (Artemenko et al., 2019). The alpha band appeared to be important when performing arithmetic tasks (De Smedt et al., 2009; Artemenko et al., 2018, 2019). Alpha desynchronization was related to cognitive resources and the encoding of semantic information (Klimesch et al., 2005). However, EEG evidence for processing price magnitude judgment continues to be lacking.

To minimize the damaging effects of low numeracy, research on how people process numerical information and how such processing can be improved is essential (Reyna et al., 2009). Taken together, the present study investigated the effect of numeracy on price magnitude. Using EEG, this study provided further insights into how numeracy might impact the psychological mechanisms that underlay consumers’ responses to price. In total, 61 freshmen were selected based on screening numeracy to perform a price magnitude judgment task with two kinds of price promotion frameworks, absolute discount and relative discount. Thomas and Morwitz (2008) indicated the differences between processes involved in absolute and relative discount settings during price magnitude judgment tasks. These two frameworks were analyzed separately. At the behavioral level, MANCOVAs were performed for the absolute and relative discount frameworks separately, with numeracy as a between-subject factor and age and gender as covariates. At the neural level, repeated-measures ANCOVAs were performed with numeracy groups as a between-subject factor, electrodes or area as a within-subject factor, and age and gender as covariates. Based on existing research findings mentioned earlier (Artemenko et al., 2019), we hypothesized that low-skilled individuals underperformed high-skilled ones behaviorally, and the low-skilled group would also show smaller P3b amplitude and less alpha desynchronization, especially in the relative discount setting, than high-skilled individuals.




MATERIALS AND METHODS


Participants

This experiment included two experimental groups of 61 freshmen (Mage = 18.23 ± 0.67 years, 30 men) who were selected from a large sample. All students were right-handed and had a normal or corrected-to-normal vision. They had no psychiatric or neurological disorders.

Initially, the students were recruited from a pool of 1,026 students from a public university in China to screen their numeracy ability using a test, the French Kit (French et al., 1963). This test, which is commonly used to measure individuals’ fluency in arithmetic operations, consists of two addition subtests and two subtraction and multiplication subtests. For each subtest, all participants solved problems as quickly and accurately as possible in 2 min. Taking their performance into account, the participants with scores within the first or fifth quintile were assigned to one of two groups. Considering their gender, major, and willingness to participate, 67 subjects were invited to attend subsequent experiments. Among them, two subjects were excluded due to low accuracy in the relative discount task and long reaction times (≥ 3 SD) in the absolute discount task, and another four participants were excluded because of excessive artifacts in their EEG data. Finally, 61 participants were included in the reported analysis: 31 in the low-skilled group (73.97 ± 4.67; Mage = 18.26 ± 0.77 years; 16 men) and 30 in the high-skilled group (137.53 ± 12.00; Mage = 18.20 ± 0.55 years, 14 men) (see Table 1). An exploratory study using the same method was conducted behaviorally, and ηp2 was valued at 0.17. A desired sample size of 26 was established to detect an expected correlation of 0.20, with 80% power at the 5% significance level. Thus, the sample of the current study was adequate. The two groups differed in numeracy (p < 0.001) but not in gender or age (ps > 0.05) (see Table 1). All procedures of the study were consistent with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. The ethics committee of the local university approved the study.


TABLE 1. Demographic characteristics in the two groups.

[image: Table 1]


Procedure

The experiment was conducted in a dark and sound-attenuated room. After the study procedures were explained, the participants provided written informed consent to participate before the experiment started. Then, the participants were seated in comfortable chairs, and stimuli were presented on a monitor located approximately 80 cm in front of them. They were asked to perform a task under two different price promotion frameworks: absolute discount and relative discount. While the task was presented with E-prime 2.0.8.22 (Psychological Software Tools, Pittsburgh, PA) in a blocked fashion, behavioral and EEG data were obtained. The experiment was carried out in two blocks of 88 trials each, including 8 practical trials and 80 experimental trials. The order of the blocks was randomized across participants in an equivalent way for the two groups. After finishing the task, the participants were compensated with a small gift for their participation.

To understand how consumers engage in price magnitude judgment, it is important to consider the reference price, which is used to compare the offered price of a relevant product or service (Neidrich et al., 2001) and indicates whether this price is too high. However, during price magnitude judgment, a large amount of price information that has been experienced in the past can be stored, extracted, and used, which determines the final reference price (Neidrich et al., 2001). Therefore, the reference price will vary according to the context (Adaval and Monroe, 2002), previous experiences (Neidrich et al., 2001), gender (Jones et al., 2012), etc. To control individual differences in the representation of the reference price, we provided a reference price for each commodity related to its actual price in the market to simplify the process of price magnitude judgment.

Referring to previous studies (Jones et al., 2012; Cao et al., 2015), the specific process proceeded as follows. Each trial began with a fixation cross (750 ms) shown in the center of the screen, followed by the presentation of a picture of merchandise for 1,000 ms, after which the reference price appeared (1,500 ms). Then, a regular price and its sale price or discount appeared, and the participants were asked to decide whether the discounted price (the sale price in the absolute discount setting and the regular price × the discount in the relative discount setting) was higher than the reference price. In the absolute discount setting, the participants were to ignore the regular price and compare the sale and reference prices directly. In the relative discount setting, the participants were to calculate or estimate the result of the regular price and discount and then compare this value to the reference price. During this period, the participants were asked to press the “F” or “J” key on a keyboard as fast as possible to indicate whether the discounted price was less expensive than the reference price. Trials were separated with a black screen shown for 1,000 ms (for the timing of one trial, see Figure 1).


[image: image]

FIGURE 1. Illustration of one trial. Range of reference price, regular price and sale prices are 20 to 100 yuan. And that of discount is 20% to 90%.




Electroencephalographic Recordings

EEG data were recorded using a brain production system (BrainVision Recorder 1.20, Brain Products GmbH, Germany),1 with a cap of 61 recording electrodes positioned according to the extended 10/10 system and connected to a QuickAmp amplifier. The reference electrode was placed at the midpoint between Fz and Cz, and the ground was located at AFz. Four independent electrodes were also employed. The horizontal and vertical electrooculograms were recorded, with two electrodes placed at the outer canthi and below the right eye, respectively. An additional two electrodes were then placed at the mastoids and used later for referencing. A bandpass filter was set to 0.05–100 Hz, with a sampling rate of 1,000 Hz. The impedances of all electrodes were kept below 10 kΩ.



Data Analysis


Behavioral Data Analysis

Trials with nonresponses, inaccurate responses, or RTs outside ± 3 SDs of the individual mean (Mabsolute discount = 1.68; Mrelative discount = 0.68) were removed before analyses. For accuracy and reaction time, a test of normality was performed in the absolute discount and relative discount frameworks, respectively (skewness: −1.38 to 0.84; kurtosis: 0.15∼2.53). These can be regarded as showing an approximate normal distribution. MANCOVAs were performed for the absolute discount and relative discount frameworks separately, with numeracy as a between-subject factor and age and gender as covariates.



Electroencephalography Data Preprocessing and Analysis

For offline signal data analysis, Analyzer 2.1 (BrainVision Analyzer 2.1.0, Brain Products GmbH, German, see text footnote 1) was used. After visual inspection to discard saccades, all offline signals were referred to as the average value of the bilateral mastoids, and the original reference electrode was renamed FCz. The data were digitally filtered (low-pass filter of 35 Hz, zero-phase, and slope of 24 dB/oct). Then, eye-related artifacts, such as blinks, were detected and corrected by independent component analysis. Then, the data were segmented into 1,200-ms epochs that included a 200-ms prestimulus baseline and 1,000 ms after the onset of the promotion in the two different frameworks. In this procedure, trials with correct responses were maintained. After a baseline correction of −200 to 0 ms (with 0 as the timing of promotion presentation) was conducted, epochs containing voltage changes that exceeded ± 80 μV at any electrode were excluded from the analysis. The remaining epochs were separately averaged for each group in each promotion framework (low-skilled group: Mabsolute discount = 71.29, Mrelative discount = 60.48; high-skilled group: Mabsolute discount = 72.17, Mrelative discount = 67.07).

Following the inspection of the grand average ERPs and previous studies, an ERP analysis focused on P3b. In total, nine ROIs (P-left/-central/-right; PO-left/-central/-right; O -left/-central/-right; e.g., P-left included P3, P5, and P7; see Figure 2) were defined. From within-subject averaged waveforms, the peak latency and mean amplitude (±5 time points from peak amplitude) were extracted. The latency and mean amplitude of P3b (250∼500 ms) were quantified as the average over electrodes in each ROI. Then, they were compared using repeated-measures ANCOVAs, with numeracy groups as a between-subject factor, area (parietal, parietal-occipital, and occipital) and hemisphere (left, midline, and right) as within-subject factors, and age and gender as covariates. Greenhouse–Geisser corrections were applied to reduce the type I error rate when Mauchly’s test of sphericity was found to be significant. Bonferroni correction was used for post-hoc multiple comparisons.


[image: image]

FIGURE 2. ROIs in time and time-frequency domain analyses. Nine dotted rectangles were 9 ROI in the time domain analysis. The red dots represented P5 and P7 electrodes with a significant delayed modulation (both pcluster < 0.05) in the absolute discount; and the blue dots represented P6, P8, and PO8 electrodes with a significant delayed modulation (bothpcluster < 0.05) in the relative discount in time-frequency domain analysis.




Time–Frequency Domain Analysis

The time–frequency analysis procedure used in the present study drew lessons from the studies of Hu and Iannetti (2019) and Liu et al. (2019). To obtain the time--frequency data of EEG signals from all trials for each participant, a continuous wavelet transform was performed for each electrode using Letswave 72 at 1∼30 Hz. The steps of this transform were set to 100 in the frequency domain. For each subject, the spectrograms across trials were averaged. Then, at each frequency, a baseline correction was applied according to the percentage method: [image: image], where X(t,f) is the power at time t and frequency f, and R(f) is the averaged power of frequency f within the reference interval.

A point-by-point two-sample t-test combined with a cluster-based permutation test (5,000 times, cluster threshold of 0.05) (Maris and Oostenveld, 2007) was adopted to assess the group-level differences in EEG oscillation power. In the absolute discount setting, significant delayed modulation emerged in the 9∼14 Hz range between 200 and 700 ms, extending over two parietal channels (P5 and P7, both pcluster < 0.05). In the relative discount setting, significant delayed modulation emerged in the 8∼20 Hz range between 200 and 800 ms, extending over several parietal and parietal–occipital electrodes (P6, P8, and PO8, both pcluster < 0.05) (see Figure 2). Based on the results of cluster-p and previous studies on numeracy, a significant time–frequency ROI was defined (300∼700 ms, 10∼13 Hz). For each participant, averaged magnitudes in the time–frequency ROI at P5 and P7 for the absolute discount setting and at P6, P8, and PO8 for the relative discount setting were extracted. To reveal the individual differences in the time–frequency domain, the same ANCOVA was performed with numeracy groups as a between-subject factor, electrodes (P5 and P7 for the absolute discount setting and P6, P8, and PO8 for the relative discount setting) as a within-subject factor, and age and gender set as covariates.





RESULTS


Low-Skilled Individuals Underperformed Behaviorally

A significant effect of numeracy groups was found for reaction times in the absolute discount setting [F(1, 57) = 13.30, p = 0.001, ηp2 = 0.19], with low-skilled individuals (989.13 ms) performing slower than their high-skilled peers (799.09 ms) (see Figure 3). There was no significant effect on the percentage of correct responses. In the relative discount setting, regarding the percentage of correct responses and reaction times, the MANCOVA revealed a significant effect of numeracy groups [RT: F(1, 57) = 12.35, p = 0.001, ηp2 = 0.18; ACC: F(1, 57) = 13.13, p = 0.001, ηp2 = 0.19], showing that the low-skilled group (5818.40 ms; 87.38%) performed worse than the high-skilled group (4284.18 ms; 92.29%) (see Figure 3).


[image: image]

FIGURE 3. Behavioral performance in two promotion frameworks. White lines were quartile of data; black lines were mean and standard deviation of data; each colored dot represented raw data of a subject. *p < 0.05 (the same blow).




Lower P3b Amplitudes in the Low-Skilled Group


Absolute Discount Setting

For latency, the repeated-measures ANOVA showed no significant effects or interactions. For mean amplitude, there was a marginally significant effect of numeracy groups [F(1, 57) = 3.71, p = 0.059, ηp2 = 0.06] with a smaller P3b amplitude found in the low-skilled group (7.51 μV) than in the high-skilled group (9.31 μV).



Relative Discount Setting

For latency, no effects were found. For mean amplitude, the main effects of numeracy groups [F(1, 57) = 4.29, p = 0.043, ηp2 = 0.07] and interactions of hemisphere × numeracy groups [F(2, 114) = 6.58, p = 0.002, ηp2 = 0.10] and area × hemisphere × numeracy groups [F(4, 228) = 4.01, p = 0.004, ηp2 = 0.07] reached a significant level. Post-hoc analysis showed a more positive P3b amplitude in the high-skilled group than in the low-skilled group at Pcentral [F(1, 57) = 7.24, p = 0.009, ηp2 = 0.11], Pright [F(1, 57) = 7.55, p = 0.008, ηp2 = 0.12], POcentral [F(1, 57) = 7.02, p = 0.010, ηp2 = 0.11], and Oright [F(1, 57) = 4.65, p = 0.035, ηp2 = 0.08] (see Figure 4). Furthermore, correlation analyses were conducted between RT, ACC, and the significant EEG findings to explore the relationship between neural and behavioral findings, with age and gender set as covariates. The P3b amplitude in the right parietal area [r(26) = −0.41, p = 0.03] was significantly correlated with accuracy in the high-skilled group (see Figure 4).


[image: image]

FIGURE 4. Group-level P3b waveform (highlighting with dashed rectangle) and topographic map in the relative discount. (A) The waveform of group difference at P3, Pz, and P4 electrodes. And the shaded area represents standard deviation. (B) Topographic map of P3b were displayed at the intervals 300 ∼ 500 ms in high-skilled group and low-skilled group. (C) The Grand average P3b topographic maps for two experimental groups and their difference. (D) Amplitude of P3b reflecting a significant difference for two experimental groups. (E) Correlations between P3b amplitude at right parietal area and accuracy. Each colored dot represented raw data of a subject. Full lines represented the best linear fit, and dotted lines represented 95% CI in two experimental groups.





Individual Differences in Alpha Bands


Absolute Discount Setting

Analysis revealed a main effect of numeracy groups [F(1, 57) = 13.93, p < 0.001, ηp2 = 0.20; high-skilled: −0.29 ± 0.05 vs. low-skilled: −0.05 ± 0.05; Difference = −0.24, 95% CI [−0.37, −0.11], Cohen’s d = −4.8, power = 0.96] (see Figure 5).


[image: image]

FIGURE 5. Group-level topographic map and time-frequency features in the absolute discount. Topographic maps of the time-frequency ROI was displayed in the first half. And full rectangle represented P5 electrode. The bottom half was the time-frequency features of P5 electrode. Dotted rectangle represented the time-frequency ROI.




Relative Discount Setting

A significant difference was found between high- (−0.32 ± 0.05) and low-skilled individuals (−0.11 ± 0.05) [F(1, 57) = 8.62, p = 0.005, ηp2 = 0.13; Difference = −0.21, 95% CI [−0.36, −0.07], Cohen’s d = −4.2, power = 0.82] (see Figure 6).


[image: image]

FIGURE 6. Group-level topographic map and time-frequency features in the relative discount. Full rectangle represented P6 electrode.






DISCUSSION

The purpose of the present study was to uncover the cognitive mechanisms and neural basis of how numeracy impacted the process of price magnitude judgment. The main results indicated an effect of numeracy. Specifically, in contrast to high-skilled individuals, their low-skilled peers underperformed behaviorally and showed smaller P3b amplitudes and less alpha desynchronization both in absolute and relative discount settings.


Price Magnitude Judgment in the Absolute Discount Setting

The findings from the absolute discount setting showed a smaller P3b amplitude and less alpha desynchronization for consumers with low numeracy. Schaefer et al. (2016) indicated that P300 was sensitive to price. P3b indexed resource allocation in the temporal–parietal area (Fjell et al., 2007; Polich, 2007; Cao et al., 2012; Ma et al., 2018; Tang and Song, 2019). Larger amplitude indicated that more attention resources were used and greater interest was elicited (Tang and Song, 2019). Thomas and Morwitz (2008) depicted the process of price magnitude judgment involved in the absolute discount through analog representations on the mental number line. Strong math ability showed a precise representation in the numerical comparison task (De Smedt et al., 2009), which is one of the most commonly used tasks to reveal numerical representation and indicate a mental digital line. Although no effect was observed in terms of accuracy, the results of P3b suggested that consumers with low numeracy paid less attention and displayed a less precise representation even when no arithmetic operations were involved. This was also verified by findings of alpha desynchronization. Alpha desynchronization broadly reflects attention and memory processes (Sun et al., 2020). Larger magnitude indicated that more attentional resources were allocated. Accordingly, due to the representation preciseness relevant to math ability, the influence of numeracy on P3b amplitude and alpha desynchronization showed that compared to consumers with high numeracy, those with low numeracy used less attention resources and displayed an imprecise representation of the price magnitude judgment in the absolute discount setting, consistent with the work of Reyna et al. (2009), who found that difficulties in health decision-making may be due to imprecise representations of number magnitudes among those with low numeracy.



Price Magnitude Judgment in the Relative Discount Setting

Consistent with other studies, high-skilled individuals outperformed their low-skilled peers behaviorally (e.g., Artemenko et al., 2019). People have to manage various kinds of numerical manipulations, such as paying bills and comparing merchandise sold at different prices in two shops. Accordingly, numeracy is essential for an individual to solve digital problems effectively in daily life. However, why was such a difference found at the behavioral level? Thomas and Morwitz (2008) assumed that in a relative discount setting, the process of price magnitude judgment was thoughtful and rule-based through arithmetic operations. P3b was related to arithmetic and was involved in solving arithmetic problems (Gómez-Velázquez et al., 2015). Results of the present ERP data analysis showed a smaller P3b amplitude for the low-skilled group than for the high-skilled group. As a subcomponent of P300, P3b is an index of cognitive resource allocation (Kok, 2001; Fjell et al., 2007; Polich, 2007). It reflects activity in the temporal–parietal area, which is associated with attention (Polich, 2007) and is also a measure of processing capacity (Kok, 2001). A larger amplitude of P3b indicates more attention devoted to a given task (Salisbury et al., 2001; Tang and Song, 2019). Furthermore, Polich (2007) also summarized that P3b occurred when temporal–parietal memory operations were enhanced by attentional resource activation. The finding for P3b of the current study indicated that consumers with low numeracy allocated fewer attentional resources than their peers with high numeracy.

Correlation analysis results showed that in the high-numeracy group, P3b amplitude negatively correlated with accuracy, which may be related to strategy utilization (Núñez-Peña et al., 2011). Findings from problem-solving consistently showed that high-skilled individuals used strategies that required less cognitive resources, such as fact retrieval, which was stored in long-term working memory (Menon, 2015). Hence, the performance of high-skilled consumers increased as more fact retrieval was used, which consumed less cognitive resources. Traczyk et al. (2018) suggested that individuals with high numeracy should have a broad repertoire of choice strategies and adaptively select these strategies depending on the importance of the given decision. Consumers with low numeracy were apt to adopt a strategy that consumed more resources, such as procedural strategies or exact calculations, to improve performance. Hence, their accuracy increased as P3b amplitude increased, though non-significant. It must be noted that the link between P3b amplitude and performance may vary in relation to numeracy, which needs further research for verification.

Moreover, the two experimental groups varied in the alpha band. Specifically, low-skilled individuals showed less alpha desynchronization relative to their high-skilled peers. This result was consistent with the work of Alnajashi (2021), who found high performers to exhibit larger alpha power during mental arithmetic tasks in P7, corresponding to the left parietal lobe. Upper alpha desynchronization (10∼13 Hz) is mainly distributed in the parietal–occipital area (Artemenko et al., 2019). Decreases in upper alpha desynchronization improved behavioral performance and reflected reduced demands on cognitive resources (De Smedt et al., 2009). In the present study, consistent with the findings for P3b, individual differences were observed while judging price magnitude; the low-skilled group consumed more cognitive resources than the high-skilled group.

What is more interesting is that lateralization was observed in the EEG analysis of alpha desynchronization. The electrodes of interest were P5 and P7 in the absolute discount setting and P6, P8, and PO8 in the relative discount setting. According to Koessler et al. (2009), the P5 and P7 electrodes correspond to regions of the left middle temporal gyrus and left inferior temporal gyrus, respectively; the P6, P8, and PO8 electrodes correspond to regions of the right middle temporal gyrus, right inferior temporal gyrus, and right middle occipital gyrus in anatomical location, respectively. A schematic circuit diagram of basic neurocognitive processes involved in arithmetic indicates that the number form was decoded in the core dorsal parietal cortex and ventral temporal–occipital cortex and represented numerical quantity visuospatially together with the intraparietal sulcus (Menon, 2015; Price et al., 2018). In the present study, regardless of the left and right temporal–occipital areas, less alpha desynchronization was observed in low-skilled individuals, which was consistent with the negative relationship between the resting-state connection of the medial temporal lobes and IPS and the development of math skills (Price et al., 2018).

Although promotions can induce purchase willingness and price is also a determining factor involved in purchase decisions, the present study did not address purchase behaviors, such as purchase willingness, directly. Additionally, as mentioned before, the ecological validity of studies on numerical comparison and arithmetic operation is low in the field of numerical cognition. Further studies should address this question by designing experimental tasks that are more in line with the actual buying environment. For example, on websites, identical merchandise is sold at different stores with different promotions. Using the eye-tracking technique, eye movements of the browsing process can be recorded with a focus on landing positions, first fixation durations, and numbers of fixations to uncover the association between numeracy and price magnitude judgment.




CONCLUSION

During times of economic depression, lower product prices are indeed more attractive to consumers. Because of the prevalence of the Internet, consumers receive various price promotion messages. The prices of an identical product may be varied across online stores. From the perspective of numerical cognition, the present study revealed the role of numeracy in consumers’ price magnitude judgment and found consumers with low numeracy to underperform behaviorally (lower accuracy and longer reaction times). During price processing, these individuals represented numerical magnitude less precisely and used less attentional resources (smaller P3b amplitudes and less alpha desynchronization) in the late evaluation stage. The findings of the present study provide further evidence for understanding how numeracy may impact the representation of the process of price magnitude judgment and extend our knowledge of the neural processing of price. This work also has practical implications for preventing an unreasonable willingness to purchase engendered by promotions and for identifying optimal merchandise.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of the Shandong Normal University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JS and BH designed and conceptualized the study. BH performed the research, analyzed the data, and wrote the main manuscript. XL, YW, HL, and DW edited and revised the manuscript. KA provided some important suggestions on data analyses and manuscript writing. All authors reviewed the manuscript.



FUNDING

This work was supported by the National Natural Science Foundation of China (grant no. 31971010), the Humanities and Social Sciences Fund of the Ministry of Education (grant no. 18YJA190014), and the Postgraduate Innovation Funds of Shandong Normal University (grant no. SCX201605).


FOOTNOTES

1
http://www.brainproducts.com

2
https://www.letswave.org


REFERENCES

Adaval, R., and Monroe, K. B. (2002). Automatic construction and use of contextual information for product and price evaluations. J. Consum. Res. 28, 572–588.

Alnajashi, S. (2021). Alpha and theta oscillations in mental addition for high and low performers. Cogn. Process. 22, 609–626. doi: 10.1007/s10339-021-01038-1

Artemenko, C., Soltanlou, M., Bieck, S. M., Ehlis, A., Dresler, T., and Nuerk, H. (2019). Individual differences in math ability determine neurocognitive processing of arithmetic complexity: a combined fNIRS–EEG study. Front. Hum. Neurosci. 13:e227. doi: 10.3389/fnhum.2019.00227

Artemenko, C., Soltanlou, M., Dresler, T., Ehlis, A., and Nuerk, H. (2018). The neural correlates of arithmetic difficulty depend on mathematical ability: evidence from combined fNIRS and ERP. Brain Struct. Funct. 223, 2561–2574. doi: 10.1007/s00429-018-1618-0

Barone, M. J., Coulter, K. S., and Li, X. (2020). The upside of down: presenting a price in a low or high location influences how consumers evaluate it. J. Retail. 96, 397–410.

Bell, L., Vogt, J., Willemse, C., Routledge, T., Butler, L. T., and Sakaki, M. (2018). Beyond self-report: a review of physiological and neuroscientific methods to investigate consumer behavior. Front. Psychol. 9:e1655. doi: 10.3389/fpsyg.2018.01655

Cao, B., Gao, H., and Li, F. (2015). Hybrid model of price pair comparisons: evidence from an event-related potential study. NeuroReport 26, 838–841. doi: 10.1097/WNR.0000000000000433

Cao, B., Li, F., Zhang, L., Wang, Y., and Li, H. (2012). The holistic processing of price comparison: behavioral and electrophysiological evidences. Biol. Psychol. 89, 63–70. doi: 10.1016/j.biopsycho.2011.09.005

Chen, S. F. S., Monroe, K. B., and Lou, Y. C. (1998). The effects of framing price promotion messages on consumers’ perceptions and purchase intentions. J. Retail. 74, 353–372.

Coulter, K. S., and Roggeveen, A. L. (2014). Price number relationships and deal processing fluency: the effects of approximation sequences and number multiples. J. Market. Res. 51, 69–82.

De Smedt, B., Grabner, R. H., and Studer, B. (2009). Oscillatory EEG correlates of arithmetic strategy use in addition and subtraction. Exp. Brain Res. 195, 635–642. doi: 10.1007/s00221-009-1839-9

Dehaene, S. (1992). Varieties of numerical abilities. Cognition 44, 1–42. doi: 10.1016/0010-0277(92)90049-n

Dehaene, S., and Marques, J. F. (2002). Cognitive euroscience: scalar variability in price estimation and the cognitive consequences of switching to the Euro. Q. J. Exp. Psychol. 55, 705–731.

Dieckmann, N. F., Slovic, P., and Peters, E. M. (2009). The use of narrative evidence and explicit likelihood by decision makers varying in numeracy. Risk Anal. 29, 1473–1488. doi: 10.1111/j.1539-6924.2009.01279.x

Fagerlin, A., Zikmund-Fisher, B. J., and Ubel, P. A. (2005). How making a risk estimate can change the feel of that risk: shifting attitudes toward breast cancer risk in a general public survey. Patient Educ. Counsel. 57, 294–299. doi: 10.1016/j.pec.2004.08.007

Feng, S., Suri, R., Chao, M. C., and Koc, U. (2017). Presenting comparative price promotions vertically or horizontally: does it matter? J. Bus. Res. 76, 209–218.

Fjell, A. M., Walhovd, K. B., Fischl, B., and Reinvang, I. (2007). Cognitive function, P3a/P3b brain potentials, and cortical thickness in aging. Hum. Brain Mapp. 28, 1098–1116. doi: 10.1002/hbm.20335

French, J. W., Ekstrom, R. B., and Price, I. A. (1963). Kit of Reference Tests for Cognitive Factors. Princeton, NJ: Educational Testing Service.

Furlong, E. E., and Opfer, J. E. (2009). Cognitive constraints on how economic rewards affect cooperation. Psychol. Sci. 20, 11–16. doi: 10.1111/j.1467-9280.2008.02244.x

Giuliani, F., D’Anselmo, A., Tommasi, L., Brancucci, A., and Pietroni, D. (2017). Hemispheric asymmetries in price estimation: do brain hemispheres attribute different monetary values? Front. Psychol. 8:e02042. doi: 10.3389/fpsyg.2017.02042

Gómez-Velázquez, F. R., Berumen, G., and González-Garrido, A. A. (2015). Comparisons of numerical magnitudes in children with different levels of mathematical achievement. An ERP study. Brain Res. 1627, 189–200. doi: 10.1016/j.brainres.2015.09.009

Gómez-Velázquez, F. R., Vélez-Pérez, H., Espinoza-Valdez, A., Romo-Vazquez, R., Salido-Ruiz, R. A., Ruiz-Stovel, V., et al. (2017). Electrophysiological dynamic brain connectivity during symbolic magnitude comparison in children with different mathematics achievement levels. Neuroreport 28, 174–178. doi: 10.1097/WNR.0000000000000722

Graffeo, M., and Bonini, N. (2018). The interaction between frames and numeracy in the evaluation of price reductions. Econ. Polit. 35, 239–250. doi: 10.1007/s40888-017-0059-1

Graffeo, M., Polonio, L., and Bonini, N. (2015). Individual differences in competent consumer choice: the role of cognitive reflection and numeracy skills. Front. Psychol. 6:e844. doi: 10.3389/fpsyg.2015.00844

Guha, A., Biswas, A., Grewal, D., Verma, S., Banerjee, S., and Nordfält, J. (2018). Reframing the discount as a comparison against the sale price: does it make the discount more attractive? J. Market. Res. 55, 339–351.

Hakim, A., and Levy, D. J. (2018). A gateway to consumers’ minds: achievements, caveats, and prospects of electroencephalography-based prediction in neuromarketing. Wiley Interdiscip. Rev. Cogn. Sci. 10:e1485. doi: 10.1002/wcs.1485

Hu, L., and Iannetti, G. D. (2019). Neural indicators of perceptual variability of pain across species. Proc. Natl. Acad. Sci. U.S.A. 116, 1782–1791. doi: 10.1073/pnas.1812499116

Jones, W. J., Childers, T. L., and Jiang, Y. (2012). The shopping brain: math anxiety modulates brain responses to buying decisions. Biol. Psychol. 89, 201–213. doi: 10.1016/j.biopsycho.2011.10.011

Kleber, J., Florack, A., and Chladek, A. (2016). How to present donations: the moderating role of numeracy in cause-related marketing. J. Consum. Market. 33, 153–161.

Klein, E., Willmes, K., Bieck, S. M., Bloechle, J., and Moeller, K. (2019). White matter neuro-plasticity in mental arithmetic: changes in hippocampal connectivity following arithmetic drill training. Cortex 114, 115–123. doi: 10.1016/j.cortex.2018.05.017

Klichowski, M., and Kroliczak, G. (2020). Mental shopping calculations: a transcranial magnetic stimulation study. Front. Psychol. 11:e1930. doi: 10.3389/fpsyg.2020.01930

Klimesch, W., Schack, B., and Sauseng, P. (2005). The functional significance of theta and upper alpha oscillations. Exp. Psychol. 52, 99–108. doi: 10.1027/1618-3169.52.2.99

Koessler, L., Maillard, L., Benhadid, A., Vignal, J. P., Felblinger, J., Vespignani, H., et al. (2009). Automated cortical projection of EEG sensors: anatomical correlation via the international 10-10 system. Neuroimage 46, 64–72. doi: 10.1016/j.neuroimage.2009.02.006

Kok, A. (2001). On the utility of P3 amplitude as a measure of processing capacity. Psychophysiology 38, 557–577. doi: 10.1017/s0048577201990559

Krishna, A., Briesch, R., Lehmann, D. R., and Yuan, H. (2002). A meta-analysis of the impact of presentation on perceived savings. J. Retail. 78, 101–118.

Liu, J., Li, J., Peng, W., Feng, M., and Luo, L. (2019). EEG correlates of math anxiety during arithmetic problem solving: implication for attention deficits. Neurosci. Lett. 703, 191–197. doi: 10.1016/j.neulet.2019.03.047

Ma, Q., Zhang, L., and Wang, M. (2018). “You win, You buy”—How continuous win effect influence consumers’ price perception: an ERP study. Front. Neurosci. 12:e691. doi: 10.3389/fnins.2018.00691

Maris, E., and Oostenveld, R. (2007). Nonparametric statistical testing of EEG- and MEG-data. J. Neurosci. Methods 164, 177–190. doi: 10.1016/j.jneumeth.2007.03.024

Menon, V. (2015). “Arithmetic in the child and adult brain,” in Oxford Handbooks of Numerical Cognition, eds A. Dowker and K. R. Cohen (Oxford: Oxford University Press), 502–530.

Monroe, K. B. (2003). Pricing: Making Profitable Decisions. New York, NY: McGraw- Hill/Irwin.

Monroe, K. B., and Lee, A. Y. (1999). Remembering versus knowing: issues in buyers’ processing of price information. J. Acad. Market. Sci. 27, 207–225.

Neidrich, R. W., Sharma, S., and Wedell, D. H. (2001). Reference price and price perception: a comparison of alternative models. J. Consum. Res. 28, 339–354. doi: 10.1186/s13054-016-1208-6

Núñez-Peña, M. I., Gracia-Bafalluy, M., and Tubau, E. (2011). Individual differences in arithmetic skill reflected in event-related brain potentials. Int. J. Psychophysiol. 80, 143–149. doi: 10.1016/j.ijpsycho.2011.02.017

Peters, E., Hibbard, J. H., Slovic, P., and Dieckmann, N. F. (2007). Numeracy skill and the communication, comprehension, and use of risk-benefit information. Health Affairs 26, 741–748. doi: 10.1377/hlthaff.26.3.741

Peters, E., and Levin, I. P. (2008). Dissecting the risky-choice framing effect: numeracy as an individual-difference factor in weighting risky and riskless options. Judg. Decis. Mak. 3, 435–448.

Peters, E., Västfjäll, D., Slovic, P., Mertz, C. K., Mazzocco, K., and Dickert, S. (2006). Numeracy and decision making. Psychol. Sci. 17, 407–413.

Peters, L., and De Smedt, B. (2018). Arithmetic in the developing brain: a review of brain imaging studies. Dev. Cogn. Neurosci. 30, 265–279. doi: 10.1016/j.dcn.2017.05.002

Plassmann, H., Venkatraman, V., Huettel, S., and Yoon, C. (2015). Consumer neuroscience: applications, challenges, and possible solutions. J. Market. Res. 52, 427–435. doi: 10.1038/s41746-020-0244-4

Polich, J. (2007). Updating P300: an integrative theory of P3a and P3b. Clin. Neurophysiol. 118, 2128–2148. doi: 10.1016/j.clinph.2007.04.019

Price, G. R., Yeo, D. J., Wilkey, E. D., and Cutting, L. E. (2018). Prospective relations between resting-state connectivity of parietal subdivisions and arithmetic competence. Dev. Cogn. Neurosci. 30, 280–290. doi: 10.1016/j.dcn.2017.02.006

Raposo, A., Frade, S., Alves, M., and Marques, J. F. (2018). The neural bases of price estimation: effects of size and precision of the estimate. Brain Cogn. 125, 157–164.

Reyna, V. F., Nelson, W. L., Han, P. K., and Dieckmann, N. F. (2009). How numeracy influences risk comprehension and medical decision making. Psychol. Bull. 135, 943–973. doi: 10.1037/a0017327

Salisbury, D. F., Rutherfor, B., Shenton, M. E., and McCarley, R. W. (2001). Buttonpressing affects P300 amplitude and scalp topography. Clin. Neurophysiol. 112, 1676–1684. doi: 10.1016/s1388-2457(01)00607-1

Schaefer, A., Buratto, L. G., Goto, N., and Brotherhood, E. V. (2016). The feedback-related negativity and the P300 brain potential are sensitive to price expectation violations in a virtual shopping task. PLoS One 11:e0163150. doi: 10.1371/journal.pone.0163150

Solnais, C., Andreu-Perez, J., Sánchez-Fernández, J., and Andréu-Abela, J. (2013). The contribution of neuroscience to consumer research: a conceptual framework and empirical review. J. Econ. Psychol. 36, 68–81.

Sun, L., Zhao, Y., and Ling, B. (2020). The joint influence of online rating and product price on purchase decision: an EEG study. Psychol. Res. Behav. Manag. 13, 291–301. doi: 10.2147/PRBM.S238063

Suri, R., Monroe, K. B., and Koc, U. (2013). Math anxiety and its effects on consumers’ preference for price promotion formats. J. Acad. Market. Sci. 41, 271–282.

Tan, P. J., and Bogomolova, S. (2016). A descriptive analysis of consumers’ price promotion literacy skills. Int. J. Retail Distrib. Manag. 44, 1223–1244.

Tang, X., and Song, Z. (2019). Neurological effects of product price and evaluation on online purchases based on event-related potentials. Neurosci. Lett. 704, 176–180. doi: 10.1016/j.neuler.2019.04.019

Thomas, M., and Morwitz, V. G. (2008). “Heuristics in numerical cognition: implications for pricing,” in Handbook of Pricing Research in Marketing, ed. R. Vathala (Cheltenham: Edward Eglar Publishing), 132–149. doi: 10.4337/9781848447448.00015

Traczyk, J., Sobkow, A., Fulawka, K., Kus, J., Petrova, D. G., and Garcia-Retamero, R. (2018). Numerate decision makers don’t use more effortful strategies unless it pays: a process tracing investigation of skilled and adaptive strategy selection in risky decision making. Judg. Decis. Mak. 13, 372–381.

Winer, R. S. (2006). Pricing. Cambridge, MA: Marketing Science Institute.

Zhou, Z., and Xin, Z. (2012). Relationships between mathematical ability and decision making: a perspective of individual difference. Adv. Psychol. Sci. 20, 542–551.


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

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Huang, Liu, Wang, Li, Si, Wang and Afzal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/nav.xhtml




Contents





		Cover



		Is the Discount Really Favorable? The Effect of Numeracy on Price Magnitude Judgment: Evidence From Electroencephalography



		INTRODUCTION



		Price Magnitude Judgment and Promotion Frameworks



		Numeracy and Price Magnitude Judgement



		The Present Study







		MATERIALS AND METHODS



		Participants



		Procedure



		Electroencephalographic Recordings



		Data Analysis



		Behavioral Data Analysis



		Electroencephalography Data Preprocessing and Analysis



		Time–Frequency Domain Analysis











		RESULTS



		Low-Skilled Individuals Underperformed Behaviorally



		Lower P3b Amplitudes in the Low-Skilled Group



		Absolute Discount Setting



		Relative Discount Setting







		Individual Differences in Alpha Bands



		Absolute Discount Setting



		Relative Discount Setting











		DISCUSSION



		Price Magnitude Judgment in the Absolute Discount Setting



		Price Magnitude Judgment in the Relative Discount Setting







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		FOOTNOTES



		REFERENCES

















OPS/images/fnins-16-817450-t001.jpg
Variables Low-skilled

N 31
Gender (male/female) 16/15
Age (M/years) 18.26
SD (0.77)
range 16~20
Math ability (M) 73.97
SD (4.67)
range 16~83

High-skilled

30
14/16
18.20
(0.55)
17~20
137.53
(12.00)
125~170

Statistical analysis

NA
¥2 =0.149, p > 0.05

t=034,p> 005

t=-27.08, p < 0.001

M, mean,; SD, standard deviation.





OPS/images/fnins-16-817450-i000.jpg
X NH)—R() 100%
Xpt, /) = =5 %





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neuroscience

Is the Discount Really

Favorable? The Effect

of Numeracy on Price
Magnitude Judgment: Evidence
From Electroencephalography







OPS/images/fnins-16-817450-g001.jpg
1000ms

Regular: 62.00

7

F/J Sale: 25.42
200 ms -
1500 ms Reference: 21.00 I
1000 ms ’
750ms +

-

or

Regular: 62.00
Discount: 40%








OPS/images/fnins-16-817450-g003.jpg
Accuracy (%)

100-
98-

94—+

92-

90 \

Absolute Discount

| |
Low  High

Reaction time (ms)

2000~

-
N
o
o
|

1000

500

o

| |
Low  High

Accuracy (%)

Relative Discount

%

100- |

©
T

o
T

10000

8000-

6000

4000-

Reaction time (ms)

2000+

N
v

|
Low

|
High





OPS/images/fnins-16-817450-g002.jpg
+FP2

OF

+AF8

+AF4

+AF3

+F8

*F;

+FB
*F3 WF1 eFz  eF2  *F4

A e

Fes \ 7T
¢FC3  +FC1  +FCz +FC2  FC4

+FC5

+C3 +C1 +Cz +C2 +C4 +Cb

+C5

CPz  +CP2  +CP4
ocp5  *CP3 +CP1 @ : UES e Tre

TR7

-
"’

!
.
AR«
¢ !
' :
H ’ (oS- ’
[
s T ) @ !
r 5 O
] ss -s 4
! ! F --
' ’ ! '
§ N 3 .. .
;o / B o
§ * 2 ¥ N 1 :
ol TS I h 0 \ 1 2 .
I & C):
..... ' \s * ] “ * “
) "' ]
P oON SR
| p 1 . -
S
' " -lllll_ .l i |
| )
; : ! I ! 1
b b iERy e
)
" z ] ] o “ ] "b '
] Dl " “ p ] " “
§ P Bl : '
' : - L
- 1
- 1
! ' -\
| s - \ »
\ r 1
“ o - v M | !
| "L 5 ' O\ N |
| [ —— \ \ | =) !
\ D.l \ I "
e\ \ * \ TS
- \ —o \ “
'o 3 —o \ \ oY b £
\
., L _. .. !
\ ¢ ' \
\ 1\ o- :
\ \
\ \ v ) w
\ \ \ Pl 1
_a L0 .— \ s \
45! £
\ E3 \
\ \
\ \
\
\ \
\ \
\ B \
\
\ & \
\ o
e





OPS/images/fnins-16-817450-g005.jpg
High-skilled group

Frequency (Hz)
TR

-
o

0 0.2 0.4 0.6 0.8 0 02 04 06 0.8

Latency (ms)

30

25

20

15

10

Low-skilled group

Latency (ms)

o
-0.5

Power

Power

0.2

Cluster p-value

0.4 0.6
Latency (ms)

0.8

Cluster p-value

0.0164
0.05

()
=
S
7
o
S
72
E
O
—
0.0486





OPS/images/fnins-16-817450-g004.jpg
-101

P5

TAY

10 -
-10

Pz

o Su e

[TAY

10 -
-101

,

TAY

= High-skilled group
e | ow-skilled group
P6 wmmmm  HIgh - Low
w T ! T T
10 -
ms

-200 0

200 400 600 800 1000

High-skilled group

Amplitude (pV)

1S -

10 1

Accuracy (%)

HAS

10 =
. .. " Y. .. I 3‘
Sosiisams CostiiBs CRMIasE  Uiiias ...':::' fossnashy Sos@eesdy Soomensd fLiseed s g
| | g
e e e e e i
g
-10 <
Low-skilled group 10 —~
>
. ST, -f!" . AT ST*3s AT s B I =
Raies famntaste ASiictus KUisiiass Meascesed fsassates fetstsses o
| | .ee | | | | | oo | 3
B
g
210 <
High-skilled group Low-skilled group Difference
10 10 2.23
I > ' P >
3 ®0000000° 3 3
"8 SNoRaNe. o giteh. © g __g
= = =
= B S
g g g
< < <
-10 -10 -2.23
D E memm  High-skilled group
100 0

~ == [ ow-skilled group

| ° | ras) = 0.042, p = 0.828, R? = 0.003 f
.r(HAS)—-O406 p=0.032,R?>= 0181I
o
1 1 1 1 1
0 5 10 15 20

Amplitude at Pright (pV)






OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience





OPS/images/fnins-16-817450-g006.jpg
Frequency (Hz)
- ()
o (o)

ks
o

High-skilled group

0.2 0.4 0.6 0.8

Latency (ms)

Low-skilled group

0.2 0.4 0.6 0.8
Latency (ms)

Power

Power

0.2

Cluster p-value

0.4 0.6
Latency (ms)

0.8

Cluster p-value

Cluster p-value

0.0106





