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Live streaming shopping, the streaming of real-time videos promoting products that consumers can purchase online, has recently been a booming area of e-commerce, especially during the COVID-19 pandemic. The success of live streaming e-commerce largely relies on the extent to which the broadcaster can get consumers engaged by the live stream. Thus, it is important to discover the antecedents of consumer engagement in such a context. Drawing on consumer engagement and neuroscience literature, this study used electroencephalography inter-subject correlation (EEG-ISC) to explore how broadcasters' entrepreneurial passion during live streaming videos influenced consumers' neural engagement as they watched the live streaming videos. We used the framework of displayed passion and preparedness from the entrepreneurial passion literature to predict consumer engagement. We found significant ISC for strong displayed passion, while preparedness had partially significant effects on the first, second, and summed components of ISC. The interaction effects of these two factors on the first and summed components of ISC were partially significant. Strong displayed passion and preparedness activated the left and right prefrontal regions of the consumers' brains. These findings indicate that broadcasters' displayed passion and preparedness can influence consumer engagement in live streaming e-commerce settings. Our findings suggest that a scientific approach could be used to improve a broadcaster's performance by testing ISC during rehearsals before live streaming.
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Introduction

Streaming media technology has become popular in a range of industries, especially in e-commerce settings. E-commerce conducted via live stream is a trend that grew tremendously during the lockdown periods of the COVID-19 pandemic (PwC, 2020). According to a research report from KPMG (2020), the overall market size of live streaming e-commerce in China reached 433.8 billion RMB in 2019, with a 210% year-on-year growth and a penetration rate of 4.1%. Live streaming e-commerce has also opened up a market for business-to-business (B2B) e-commerce (Yu et al., 2022b). For example, a technology company used an artificial broadcaster to sell a plane in a live stream. Live stream empowers the e-commerce industry to open up a new era of online shopping.

Broadcasters are the core agents of live streaming shopping influencing consumers' internal cognitive processes such as evaluations of the trustworthiness of products (Wongkitrungrueng and Assarut, 2020). Broadcasters demonstrate the functions of products, give extremely detailed introductions to the products, answer specific questions in real-time, and organize interactive activities to entertain and attract potential consumers to “follow them” or buy products. Consumers who are cognitively engaged by live streaming shopping tend to be actively involved in real-time by watching for entertainment purposes, purchasing products, “following” the broadcasters, pressing the “like” button, and posting comments. Such interactions help the broadcaster's visibility and influence because the platform detects that many consumers are showing interest, which leads to the broadcaster being recommended to more consumers. With deep consumer engagement, broadcasters can build a strong and loyal customer base and thus improve their performance (Itani et al., 2019). Understanding how to motivate consumers to become actively engaged in a live stream is therefore important for broadcasters (Sashi, 2012; Brodie et al., 2013; Baldus et al., 2015; Kumar and Pansari, 2016; Zhang et al., 2020).

Many consumer engagement studies have considered online shopping via webpages (e.g., Ashraf et al., 2016), but the antecedents of consumer engagement in live streaming shopping have seldom been considered. A broadcaster's entrepreneurial passion may be a significant antecedent of consumer engagement. Entrepreneurial passion is an intense affective state accompanied by cognitive and behavioral manifestations of high personal value in entrepreneurial activities (Chen et al., 2009). Broadcasters must decide what kind of product they are going to introduce on their channel. Like entrepreneurs, they need to capture their audience's preferences precisely (Yu and Wang, 2021; Young et al., 2022). Passionate broadcasters pay attention to how to exploit opportunities (Yu et al., 2020). After deciding what products to sell, they must also prepare by deciding how they will introduce the products to consumers, including information about the product function, designing purposes, materials attribution, and so on. In addition to undertaking such preparation, passionate broadcasters often express their passion for the product during the live stream, which can attract more consumers to join the stream and stay watching (Chen et al., 2009). Thus, how entrepreneurial passion influences consumer engagement is worthy of exploration (Bowden, 2009; Ahn and Back, 2018).

In this study, we aimed to determine the effects of a broadcaster's entrepreneurial passion on the engagement of consumers watching live streaming videos by investigating the viewers' cognitive processes. To capture real-time consumer engagement and cognitive processes, we used electroencephalography inter-subject correlation analysis (EEG-ISC) and screened real live streaming shopping videos from the largest e-commerce platform in China, Taobao.com. As a report from a reliable monitoring platform (www.zhigua.cn) indicated that food has become the most popular product in live streaming shopping, we used live streaming videos selling food as our stimulus. The videos were rated on two dimensions of entrepreneurial passion—displayed passion and preparedness—by two researchers and one practitioner from a top multi-channel network (MCN) company in China and then labeled as having strong/weak displayed passion and strong/weak preparedness. The videos were then randomly assigned to participants wearing electrodes recording an EEG while they were watching. We then identified correlated components in the EEG recordings to quantify the strength of ISC across participants watching the same video. Finally, we applied analysis of variance (ANOVA) to differentiate ISC within 2 × 2 scenarios. The results revealed that for displayed passion, all of the ISC components were significantly different between the strong and weak groups. For preparedness, there was a significant difference between the groups except for the third ISC component, and the interaction of displayed passion and preparedness was significantly different between groups on the first ISC component and the summed ISC.

This study makes contributions to both theory and practice. First, our findings provide new insight into the antecedents of consumer neural engagement from a micro-foundation perspective. Second, we extend the literature on entrepreneurial passion into a new setting. Third, we apply a new method to capture consumer neural engagement at a collective level. In terms of practice, our findings could inspire broadcasters to consider entrepreneurial passion as a significant element of their performance. Our method could be used to monitor how well they perform during rehearsals. Companies could also use the method to train broadcasters and predict their performance before a formal live streaming show.



Theoretical background


Consumer engagement

Consumer engagement is an emerging research topic in the study of e-commerce (e.g., Patterson et al., 2006; Brodie et al., 2013; Vivek et al., 2014; Dessart, 2017). Consumer engagement in a virtual community involves specific interactive experiences between consumers and a brand, and/or other members of the community (Brodie et al., 2013). Such engagement is critical in live streaming e-commerce settings for several reasons. First, consumer engagement is not only a strategic imperative for establishing and sustaining a competitive advantage but also a valuable predictor of future business performance (Zhang et al., 2020). It can be a primary driver of sales growth (Neff, 2007) and enhance profitability (Voyles, 2007). Second, real-time interaction between consumers and broadcasters gives consumers a feeling of social presence (Gefen and Straub, 2004; Hou et al., 2021), in which consumers and the broadcaster experience synchronous communication. This helps to build trust and decrease consumers' doubts about virtual products (Wongkitrungrueng and Assarut, 2020). Third, live streaming e-commerce allows consumers to participate in a socially interactive shopping experience beyond simple purchase behavior (Brodie et al., 2013). As the interaction between consumers and broadcasters occurs in real-time and can be seen by others, consumer engagement during live streaming can not only enhance a viewer's own shopping experience but also encourage other potential consumers to interact.

Brodie et al. (2013) pointed out that consumer engagement is a context-dependent, psychological state characterized by fluctuating intensity levels that occurs within dynamic and iterative engagement processes. It is a multidimensional concept containing cognitive, emotional, and behavioral dimensions (Park and Lee, 2008). However, studies have neglected the multi-dimensional characteristics of consumer engagement (Mollen and Wilson, 2010; Hollebeek, 2011). There is a need to expand existing self-report measures of consumer engagement and use real-time measurement in live streaming settings to describe the synchronous reactions that occur during consumer engagement (Fugate, 2007). A promising approach to examining and quantifying how live streaming influences consumer engagement is the use of EEG-ISC (Cohen and Parra, 2016; Imhof et al., 2020). EEG-ISC measures the consistency and similarity of complex and naturalistic stimuli-evoked brain responses across participants who are exposed to the same message, which yields a continuous, nonverbal measure of collective engagement that is well suited to quantifying the effects of mass media messages at the neural level (Hasson, 2004; Hasson et al., 2010; Dmochowski et al., 2012; Lahnakoski et al., 2014; Imhof et al., 2017). Thus, EEG-ISC can be used to capture consumer neural engagement in live streaming settings in terms of the extent to which a participant's brain becomes engrossed in a stimulus (Shane et al., 2020). Neural engagement could reflect the focus and attention on the stimulus (Barnett and Cerf, 2017). Meanwhile, compared with other ISC-based approaches such as fMRI-ISC, EEG-ISC has advantages in its temporal resolution, which is in the order of milliseconds. Such a high temporal resolution is promising for characterizing the reception of fast-paced audiovisual messages (Imhof et al., 2020). These characteristics enhance the scalability of the method and provide the potential to integrate cognitive neuroscientific approaches into industrial pre-testing, such as during rehearsals before live streaming. Recent EEG studies in classroom settings, the cinema, and during music consumption have illustrated this potential (Barnett and Cerf, 2017; Dikker et al., 2017; Poulsen et al., 2017; Cohen et al., 2018; Madsen et al., 2019). Research has indicated that ISC can be a proxy for participant engagement arising from attention or relevance-based factors (Dmochowski et al., 2012; Hasson et al., 2012; Cohen et al., 2017; Imhof et al., 2017), suggesting that it can serve as a successful marker of engagement in live streaming videos. Thus, this study aimed to explore how live streaming influences consumer engagement from a neural perspective.



Entrepreneurial passion

Entrepreneurial passion is an intense affective state accompanied by cognitive and behavioral manifestations of high personal value (Chen et al., 2009). As noted above, displayed passion and preparedness are two dimensions of entrepreneurial passion (Baron, 2008). Displayed passion, or appearing enthusiastic, is the affective dimension of passion (Shane et al., 2020). Preparedness, or how well prepared an individual is for a certain activity, is the cognitive dimension of entrepreneurial passion (Chen et al., 2009). Various studies have reported that entrepreneurial passion can motivate audiences to engage in certain economic activities (Smilor, 1997; Chen et al., 2009; Shane et al., 2020). For example, Shane et al. (2020) found that the passion entrepreneurs displayed during their crowdfunding pitches promoted the neural engagement and investment decisions of investors. Chen et al. (2009) found that only preparedness, but not displayed passion, increased the interest of investors in crowdfunding pitches.

Displayed passion and preparedness may also influence consumer engagement in live streaming settings. Displayed passion is often critical for convincing target audiences to invest their money and time (Chen et al., 2009). Broadcasters perform passionately, which helps them to attract consumers' attention, persuade them to make buying decisions, and create enduring and intimate relationships with them (Sashi, 2012). Thus, we hypothesize as follows:

H1: ISC has a positive relationship with displayed passion.

A well-prepared broadcast with a thoughtful plot and effective expression reveals the effort the broadcaster has invested. A well-prepared broadcaster makes the key point stand out and the content easy to understand, which attracts consumers to watch and stay on the channel. Broadcasters also prepare interactive events, such as lucky draws, which increase consumers' interest. Thus, preparedness might stimulate a high level of ISC and we hypothesize as follows:

H2: ISC has a positive relationship with preparedness.




Materials and methods


Participants

Forty-three participants (17 males; aged 18–29 years, Mage = 22.91, SD = 2.42) with normal hearing and normal or corrected-to-normal vision took part in the experiment. None of the participants had a history of neurological or psychological disorders and all were right-handed. All of them completed the pre-test and the whole EEG experiment. Data from one participant were excluded from the analysis because of technical failure during the EEG experiment. We assessed the participants' live streaming shopping experience using three questions. The first was whether they had a prior experience with live streaming shopping. If they answered “yes,” then they were asked, “Do you prefer shopping via live stream? (yes or no)” and “How frequently do you shop via live stream? (1 = not at all, 7 = very frequently).” Sixteen of the participants had experienced live streaming shopping before the experiment and three of them indicated that they preferred live streaming shopping for e-commerce (Mfrequency = 3.13, SD = 1.54). After completing the experiment, the participants received 50 RMB or a gift of equal value as a reward. To simulate the real process of live streaming shopping, we gave each participant 500 RMB to shop with, which is much lower than the total price of all the products demonstrated in the videos. If the participant selected the most popular product, he or she received a floating payment of 30 RMB.



Stimulus material

We collected stimulus material from Taobao.com, which is the biggest e-commerce platform in China. As noted above, we only used live streaming videos selling food as our stimulus materials. We randomly chose 50 videos from 10 to 30 September 2020. We recorded the selected live streaming videos and chose the same recording software to avoid effects from differences in brightness, sound, and optical flow influencing the experimental results. All the videos included an introduction to the products (including characteristics and price) and hawking. We recorded a minimum of 2 min and a maximum of 3 min of the live stream to ensure that typical content was captured.

Next, two researchers with expertise in entrepreneurial passion and one practitioner, the manager of an MCN company in the live streaming e-commerce industry, were asked to independently rate the broadcasters' displayed passion and preparedness using a scale from Chen et al. (2009), which has been widely used to study entrepreneurial passion (e.g., Davis et al., 2017; Shane et al., 2020; Alison et al., 2022). The statements about displayed passion were as follows: “When introducing the product, the broadcaster's body language is very rich,” “When introducing the product, the broadcaster's facial expression is very rich,” and “When introducing the product, the broadcaster's eyes are glowing,” and “When introducing the product, the broadcaster has a very high tone and intonation.” The statements about preparedness were as follows: “The video content had substance,” “The video was thoughtful and in-depth,” “The video was coherent and logical,” “The broadcaster articulated the relationship between the product and its function,” and “The broadcaster cited facts to support his/her arguments.”

The mean score for displayed passion was 4.35, with a standard deviation of 1.10. The mean score for preparedness was 4.58, with a standard deviation of 0.95. An inter-rater reliability assessment was conducted to confirm the level of agreement across the three different evaluators. Krippendorff's α was 0.827, which exceeded the “very good” threshold value of 0.80 (Landis and Koch, 1977). We categorized the videos that scored one deviation above the average as strong and those that scored one deviation below the average as weak, based on the three evaluators' scores. Videos that did not score in this range were deleted because it was hard to tell the difference between high passion and low passion. Seven videos were excluded through this process. Finally, 15 videos were rated as strong displayed passion and strong for preparedness, seven were rated as strong for displayed passion and weak for preparedness, seven were rated as weak for displayed passion and strong for preparedness, and 16 were rated as weak for displayed passion and weak for preparedness. T-tests for these four categories showed that there were significant differences among groups of videos in the broadcaster's displayed passion (Mstrong = 4.75, SD = 0.41; Mweak = 3.88, SD = 0.35, t = −7.4438, p < 0.001) and preparedness (Mstrong = 4.36, SD = 0.40; Mweak = 3.33, SD = 0.42, t = −8.2437, p < 0.001). To confirm that our categorization was valid, we also asked the participants to rate the broadcaster's displayed passion and preparedness using the same scale after watching each video. We assessed the agreement in the scores between the evaluators and the participants by comparing the average of the three evaluators' scores with the average of the participants' scores. Krippendorff's α was 0.662, which is higher than the “good” threshold value of 0.60 (Landis and Koch, 1977). The t-tests of the participants' scores for the four categories confirmed the differences in displayed passion (Mstrong = 4.75, SD = 0.41; Mweak = 3.88, SD = 0.35, t = −7.4438, p = 0.0000) and preparedness (Mstrong = 4.36, SD = 0.40; Mweak = 3.33, SD = 0.42, t = −8.2437, p = 0.0000) that had been indicated by the raters' scores.



Procedure

Before the experiment (t1), we obtained permission for our study from the Technology Ethics Committee of Shanghai University. We then posted a recruitment poster stating the experiment's purpose, location, duration, requirements, remuneration, and contact information. Before the experiment, the participants were asked to clean their scalp with shampoo. They were also asked to sign an informed consent form confirming that they understood that the EEG procedure was safe and would be kept confidential. They were then asked to complete a pre-test questionnaire covering general demographic information (name, gender, age, education level, and handedness) and their spending behaviors (level of spend per month, live streaming shopping experience). Next, the experimenter led the participants into a professional EEG lab with sound, light, and magnetic insulation one by one. Each participant was fitted with a 64-channel electrode cap, external electrodes, and conductive paste. This usually took 20 min.

During the experiment (t2), each participant was randomly shown 15 of the 45 live streaming shopping videos. Each video was viewed by at least 12 participants. The videos were presented via E-prime 2.0 at a resolution of 1,920 × 2,080 pixels on a 24" flat screen monitor, located around 55–75 cm in front of the participant. First, the instructions for the experiment were presented on the screen for at least 30 s. When the participant pressed the space key, the next process was a familiarization exercise. In the formal round, a 3-s fixed-image was shown before each video. After a 2-min video clip, the participants had to make a purchase decision using the “Buy Now” and “Not Interested” buttons displayed on the screen to proceed to the rest of the experiment. At the end of each video, a questionnaire about the displayed passion and preparedness of the broadcaster (Chen et al., 2009) was presented on the screen and the participants were asked to score that broadcaster between one (not at all passionate) and seven (very passionate). Each experiment lasted for approximately 1.5 h, with a break of 5–10 min after the eighth video. The experimental procedure is shown in Figure 1.
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FIGURE 1
 Experimental procedure.




EEG acquisition and preprocessing

The acquisition of the EEG was made using an ActiCHamp amplifier with 64 channels developed by Brain Products. The EEG was sampled at 256 Hz and the electrodes were distributed on the participants' scalps following the international standard 10–20 system. The vertex electrode (Cz) was the reference electrode. To ensure data quality, scalp impedance must remain below 10 kΩ. All the participants' scalp impedance values were below 10 kΩ at the beginning of the experiment, and we also tried to adjust each electrode during the rest time between the two rounds. However, the scalp impedance of several participants was higher than 10 kΩ for several videos. We documented these instances and excluded eight EEG records from the ISC analysis. We ensured each video had at least 12 observations, which was necessary for calculating EEG-ISC according to prior research (Cohen and Parra, 2016).

We preprocessed the raw data following the procedures of prior studies (Dmochowski et al., 2012, 2014; Cohen and Parra, 2016; Cohen et al., 2017; Imhof et al., 2020). The preprocessing was done using BrainVision Analyzer software (Brain Products, 2013). Specifically, EEG data were set at 0.5 Hz for high pass and 50 Hz for notch filter. As participants tend to blink during experiments, which can affect the prefrontal region, it is necessary to eliminate the effect of blinking on the results by removing the interference signals. We removed eyeblinks using the ICA-based ocular artifact rejection function of the BrainVision Analyzer software. We manually confirmed the ocular components after the system selected the eligible components by ICA. As we had marked the live streaming videos using the E-prime program, we then segmented the EEG data according to the marks. Finally, we put the segmented EEG data into Matlab to identify the outlier samples in each specific channel. Outlier samples were those values that were four times larger than the distance between 25 and 75%, and we used zero values to replace 40 ms before and after the outliers (Cohen and Parra, 2016).



EEG-ISC analysis

We used the open-source code for EEG-ISC developed by Parra and other scholars (available at http://www.parralab.org/isc/). EEG-ISC calculates the maximally correlated components by capturing a linear combination of electrodes that are consistent across participants and maximally correlated between them (Cohen and Parra, 2016). Compared with fMRI-ISC, EEG-ISC can detect temporal-scale response patterns to stimuli (Dmochowski et al., 2012; Cohen and Parra, 2016; Imhof et al., 2020). We used within- and between-subject covariance matrices that were averaged across all videos to calculate the correlated components. We further extracted three components to capture most of the ISC, and the corresponding correlation values were computed separately for each component and each video. We also calculated the sum of the three largest correlated components to enable comparison with previous research (Cohen and Parra, 2016). As components are temporally uncorrelated with other components and capture different sources of neural activity, we used the “forward model,” which represents the covariance between the activity of each component and the activity of each electrode location (Parra et al., 2005) to visualize the spatial distribution of different sources (Parra et al., 2005).



Statistical analysis

We performed three major analyses. First, we used the Kolmogorov–Smirnov test and Levene's test to check whether our data satisfied the assumptions of normality and uniformity of variance required for ANOVA. Second, we applied ANOVA to test the statistical differences among different categories. Third, we applied the least significant difference (LSD) post-hoc analysis to provide a robust test of the differences' direction and magnitude. All analyses were performed using SPSS 20.0 for Windows.




Results

The purpose of this study is to investigate the influence of broadcaster's displayed passion (2 levels, strong and weak) and preparedness (2 levels, strong and weak) in live streaming on consumer's neural engagement. For each component, the effect of displayed passion and preparedness was assessed via ANOVA. In order to examine the degree of neural engagement within participants, we measured 43 participants' EEG activity during video presentation to assess neural processing. To calculate ISC, we extracted the three most correlated components and summed the ISC of the EEG data (Cohen and Parra, 2016). We expected that strong displayed passion, strong preparedness, and the interaction between them would be associated with higher ISC than weak displayed passion and poor preparedness. As shown in Figure 3, the LSD post-hoc analysis revealed that for component 1 and the summed components, the weak displayed passion*strong preparedness condition was associated with significantly higher ISC than the weak displayed passion*weak preparedness condition (C1: p = 0.003; Csum: p = 0.001), strong displayed passion*weak preparedness condition (C1: p = 0.015; Csum: p = 0.000), and strong displayed passion*strong preparedness condition (C1: p = 0.001; Csum: p = 0.000).


Pre-requisite for ANOVA

The Kolmogorov-Smirnov normality test was performed to confirm that the data were sampled from components with a normal distribution. The p-values of the Kolmogorov-Smirnov test were all larger than 0.05 (C1: p = 0.841; C2: p = 0.989; C3: p = 0.727; Csum: p = 0.336), indicating that all ISC components and summed components followed a normal distribution.

Levene's test evaluates the null hypothesis that the component variances are homogeneous. When the p-value is < 0.05, the null hypothesis is rejected, and it can be concluded that there is a difference between the variances of components. The results of the Levene test showed that the assumption of homogeneity of variances for the components was supported (C1: p = 0.637; C2: p = 0.530; C3: p = 0.051; Csum: p = 0.139). As the data were confirmed to follow a normal distribution and to have homogeneous variance, the pre-requisites for ANOVA were satisfied.



ANOVA

The results of ANOVA showed that all the ISC components while viewing live streaming videos were significantly correlated with the broadcaster's displayed passion (C1: F = 6.42, p = 0.0154; C2: F = 6.82, p = 0.0127; C3: F = 6.41, p = 0.0155; Csum: F = 17.15, p = 0.0002; for details, please see Table 1). The results also confirmed that preparedness was significantly correlated with C1, C2 and Csum (C1: F = 3.13, p = 0.0848; C2: F = 3.53, p = 0.0678; C3: F = 0.48, p = 0.4911; Csum: F = 8.01, p = 0.0073). As shown in Figure 2, it was possible to discern differences between the effects of different video categories on all ISC components and summed ISC. These results support our hypotheses that strong passion and preparedness in live streaming videos prompt ISC among participants.


TABLE 1 Results of two-way ANOVA comparing brain coupling during different dimensions.
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FIGURE 2
 EEG-ISC detects differences during the viewing of different videos. (1) Box plots a and b show average EEG-ISC for each component, separated by video categories high (red) and low (blue) passion. We use a smaller scale unit on the third component to show differences among different videos because the third one captured least ISC among all those components. (2) Box plots c show average EEG-ISC for each component, separated by video categories (1–4). Video category 1–4 represents “weak displayed passion*weak preparedness,” “weak displayed passion*strong preparedness,” “strong displayed passion*weak preparedness,” “strong displayed passion strong preparedness.” We use a smaller scale unit on the third component to show differences among different videos because the third one captured least ISC among all those components.


We also applied a two-way ANOVA to identify the interaction effect of the two dimensions. The results revealed that the interaction of “displayed passion* preparedness” reached significance for C1 and Csum (C1: F = 7.19, p = 0.0107; Csum: F = 6.20, p = 0.0172), but not for C2 or C3 (C2: F = 0.22, p = 0.6421; C3: F = 0.36, p = 0.5507). To clarify the direction of interaction effects, we conducted a simple effects test. The results showed that with weak displayed passion the simple effects of preparedness were significant for C1 (F = 8.79, p = 0.031) and Csum (F = 8.84, p = 0.031), but they were not significant when displayed passion was strong. With strong preparedness, the simple effects of displayed passion were significant for C1 (F = 12.07, p = 0.018) and Csum (F = 12.91, p = 0.016). A box plot of the main effects and interaction effects is shown in Figure 2.



Post-hoc analysis

We used category 1 to category 4 to represent the “weak displayed passion*weak preparedness,” “weak displayed passion*strong preparedness,” “strong displayed passion*weak preparedness,” and “strong displayed passion*strong preparedness” conditions, respectively. The results of the LSD post-hoc analysis are shown in Table 2.


TABLE 2 Results of LSD post-hoc analysis.
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For component 1 and the summed components, the post-hoc analysis showed that the ISC of category 2 was significantly higher than the ISC of the other categories (p < 0.05). The ISCs of categories 1, 3, and 4 were not statistically different from each other. These results suggest that for component 1 and the summed components, the “weak displayed passion*strong preparedness” condition was most effective in activating higher ISC.

For component 2, the analysis showed that the ISC of category 2 was significantly higher than that of category 3 (p < 0.05) and category 4 (p < 0.05), and the ISCs of categories 1, 3, and 4 were not statistically different from each other. Thus, we can conclude that the “weak displayed passion*strong preparedness” condition activated higher ISC than the “strong displayed passion*weak preparedness” and “strong displayed passion*strong preparedness” conditions did.

For component 3, the analysis showed that the ISC of category 3 was only significantly higher than that of category 1 (p < 0.05). The ISCs of categories 1, 2, and 4 were also not statistically different from each other. Thus, we can conclude that the “strong displayed passion*weak preparedness” condition activated higher ISC than the “weak displayed passion*weak preparedness” condition did.



Sensor contribution analysis

Figure 3 visualizes which sensors contributed to the correlated components and reveals distinct topographies for each component using their forward projections. The spatial distribution of the components represents the covariance between a component's activity and the activity at each sensor (Dmochowski et al., 2012; Cohen and Parra, 2016). Combining the results of the ANOVA (Table 1) and sensor contribution (Figure 2) enabled us to conduct further analysis to better understand the different sources of neural engagement in the different categories, although EEG does not reflect brain regions as precisely as fMRI does.
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FIGURE 3
 Sensor contribution. Topographical map visualizes the strength that each sensor contributes to the correlated component. Each column represents the forward model (con-elation between surface electrodes and component activity) obtained using either all stimuli together (combining responses across all participants). The maps reveal the contribution by showing interpolated magnitudes of the scalp projections, that is the forward models of the maximally correlated components C1 to C3.


As shown in Table 1, the activated brain region of C2 was the prefrontal region. It has been found that the prefrontal region mainly has functions of affective engagement and judgment (Dulabh et al., 2017). As shown in Figure 2, we found that the prefrontal region was more strongly activated by the videos with strong displayed passion than by those with weak displayed passion. This was also the case for strong and poor preparedness. Thus, the sensor contribution was in accordance with our ANOVA results. These results show that strong displayed passion motivated more neural engagement than weak displayed passion did, and the same was true for strong vs. poor preparedness.

The activated brain regions of C2 were the left prefrontal lobe, left frontal lobe, and right frontal lobe. The left prefrontal lobe is mainly associated with enhancing the memory of stimuli (Gabrieli et al., 1998), and the left and right frontal lobes are mainly associated with motor events (Decety, 1996). The strong displayed passion and strong preparedness videos activated the left prefrontal lobe more extensively and significantly than their weak counterparts did. This brain region is responsible for enhancing the memory of stimulus, which is related to engagement in the context of live streaming shopping. Although the weak displayed passion videos and poor preparedness videos activated the left and right frontal lobes, these areas are responsible for motor events, which are irrelevant to our setting. Thus, the sensor contribution of C2 was in accordance with the ANOVA results, indicating that strong displayed passion motivated more neural engagement than weak displayed passion did and strong preparedness motivated more neural engagement than poor preparedness did.

The activated brain regions of C3 were around the right prefrontal lobe and right frontal lobe. It has been found that the right prefrontal lobe is mainly associated with episodic memory retrieval (Buckner et al., 1996) and the right frontal lobe is mainly associated with self-awareness (Stuss, 1991). Compared with weak displayed passion, strong displayed passion activated the right prefrontal lobe extensively and significantly. This brain region is responsible for episodic memory retrieval, which is related to engagement during the live stream. Although weak displayed passion activated the right frontal lobe, this area of the brain is mainly responsible for self-awareness and is less related to engagement in the context of live streaming shopping. Therefore, the sensor contribution of C3 was also in accordance with the ANOVA results, indicating that strong displayed passion motivated more neural engagement than weak displayed passion did.




Discussion

This study explored the antecedents of consumer neural engagement in a live streaming e-commerce setting, breaking new ground by studying the inter-subject neural activity of consumers in a live streaming shopping setting (Dulabh et al., 2017). We found significant EEG-ISC for videos characterized by strong displayed passion, while the effects of preparedness were partially significant for the first, second, and summed components of EEG-ISC. The conjoint effects of these two factors were partially significant for the first and summed components of EEG-ISC. Strong displayed passion was found to trigger activity in the left and right prefrontal regions of the brain, indicating that broadcasters with strong displayed passion can motivate consumers to engage with live streaming shopping. Strong preparedness triggered activity in the left prefrontal region, suggesting that well-prepared broadcasters can also motivate consumers to engage with live streaming shopping. Overall, we conclude that both strong displayed passion and strong preparedness can promote consumer engagement in live streaming shopping. Overall, we found that displayed passion was the main antecedent of consumer engagement in live streaming e-commerce; preparedness only partially enhanced consumer engagement. These two characteristics jointly enhanced consumer neural engagement.


Theoretical contribution

Our results make three major contributions to the e-commerce literature, the entrepreneurial passion literature, and the neuroscience of EEG-ISC literature. First, we extend the micro-foundation of consumer engagement literature by reporting the antecedents of consumer engagement with live streaming e-commerce (Yu et al., 2022a). Consumer engagement is an extremely important performance indicator for live streaming e-commerce, but it is hard to find evidence of the factors influencing consumer engagement in this setting (Wongkitrungrueng and Assarut, 2020). This study found that consumers were more engaged if broadcasters displayed more passion. A well-prepared introduction to the products being sold also directly enhances consumer engagement.

Second, we contribute to the entrepreneurial passion literature by depicting the role of passion in a live streaming setting. Research has indicated the significant role of passion in a range of settings. Chen et al. (2009) revealed that preparedness but not displayed passion influenced investment decisions in a roadshow setting. On the other hand, Shane et al. (2020) found that displayed passion affected the neural engagement of investors in entrepreneurship. Our findings fill the gap among these conflicting reports by considering both cognitive passion and emotional passion in a live streaming setting. Our results indicate that in a live streaming setting, both displayed passion and preparedness are important. The role of entrepreneurial passion is different in different settings.

Third, this study is the first to apply an electroencephalography inter-subject correlation (EEG-ISC) approach to analyze consumer engagement in a live streaming shopping context. It extends existing measurements of consumer engagement to the neural level. A majority of e-commerce studies are survey-based or use secondary data, for which participants were asked to report how they felt they had been engaged (e.g., Brodie et al., 2013) or directly observable behavior (e.g., Vivek et al., 2014). However, consumer engagement is a multi-dimensional concept that is difficult to represent with a single variable due to the richness of reflections on different platforms (Cheung et al., 2014). As cognitive engagement is a fundamental mechanism of behavioral engagement (Park and Lee, 2008), applying EEG-ISC to the study of live streaming e-commerce enhances the understanding of consumer engagement by objectively quantifying cognitive engagement in this context.



Practical contribution

This paper can inspire both broadcasters and MCN companies that nurture broadcasters. Our findings indicate the importance of entrepreneurial passion in motivating consumer engagement. Broadcasters should display a high level of passion during their live stream by using rich body language and facial expressions. They should also be diligent in their preparation before the live stream starts. For MCN companies, EEG-ISC provides a method of predicting consumer engagement before a formal live stream by detecting consumer neural engagement during a rehearsal, rather than monitoring consumer engagement behavior during the live stream. By comparing several rounds of different levels of displayed passion and preparedness, broadcasters could discover the most effective way to perform in live streaming videos.



Limitations and future directions

This study focused on live streaming e-commerce and our findings are limited to this context, although our findings complement the results of other EEG-ISC studies. Whether passion has a universal influence in other e-commerce scenarios remains unknown. Furthermore, to avoid the effects of individual preference, we only used videos about food products as our stimulus materials. Whether the attributes of products influence consumer engagement also remains unknown and requires further study.
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