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Introduction
Observers in public display environments often follow the gaze and body orientation of nearby pedestrians—a phenomenon termed the “honey-pot effect”—thereby increasing overall attention to the screen. While prior research has demonstrated this effect for interactive installations, its applicability to passive, non-interactive content and its impact on subsequent content recognition remain unexplored. This study employed a virtual-reality simulation of an urban sidewalk, featuring a moving avatar and a stationary digital display, to investigate whether simple head-and-body orientations by one pedestrian can direct attention and enhance content awareness among following pedestrians.
Methods
We conducted an experiment where an avatar walked behind another avatar passing in front of public display on a virtual sidewalk. The avatar’s behavior was set to three conditions: Walking past, Attention, and Approach to the public display.
Results
The results of the experiment with 18 participants showed that participants were more likely to turn and look at the display influenced by the avatar in front approached and stopped in front of the display. Likewise, when a pedestrian approaching from the opposite direction—whose face was visible—turned toward the display, participants were similarly more inclined to turn and look. However, no effect was observed on participants’ recognition of the content. Among the participants, which included eight Germans and eight Japanese, there was no difference in how easily the reaction to the behavior of other pedestrians occurred.
Discussions
These findings suggest that, even for static display content, attracting the “first pedestrian“ through visually striking designs or the use of sound can be critical. Besides, it is important not only to consider display content but also to take into account pedestrian walking directions when placing displays, so that more people will be encouraged to notice and view the content.
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1 INTRODUCTION
When walking in public spaces, we are exposed to a wide variety of information, ranging from local transportation guides to advertisements. Information providers employ various strategies to make their displays stand out as much as possible, thereby enhancing their effectiveness. Previous studies have shown that pedestrians’ attention to public displays is strongly influenced by factors such as the content, placement, visual characteristics, and interactivity of the display Huang et al. (2008); Müller et al. (2009); Alt et al. (2021). For instance, the research Müller and Krüger (2009); Kukka et al. (2013) reported that vivid colors and dynamic presentations using video attract more pedestrian attention. Moreover, rather than merely disseminating information in a one-way manner, numerous studies have examined methods to prolong pedestrian dwell time by encouraging interaction Vogel and Balakrishnan (2004); Rodriguez and Marquardt (2017); Tafreshi et al. (2018); Walter et al. (2014).
From the pedestrian’s perspective, however, public displays often do not stand out enough and tend to be overlooked. This phenomenon is known as display blindness Müller et al. (2009). The staged behaviors of passersby in front of a display—from before any interaction begins to after the interaction has ended and the individual departs—are referred to as the audience funnel Müller et al. (2010); Michelis and Müller (2011). This audience funnel comprises the sequential phases of passing-by, viewing and reacting, subtle interaction, direct interaction, multiple interaction, and follow up actions. Many interactive signage designs seek to attract or retain viewers by following this audience funnel framework Sahibzada et al. (2017); Alt et al. (2021); Limerick (2020). According to this model, display blindness stems from insufficient initial “awareness.” Therefore, utilizing others’ actions and social cues may be effective in alerting pedestrians. To address this issue, a number of researchers have devised different approaches.
One such approach is to present interactive content Vogel and Balakrishnan (2004); Rodriguez and Marquardt (2017); Tafreshi et al. (2018); Walter et al. (2014). For pedestrians, this interactivity provides a clear reason to pay attention to the display, often causing them to stop and engage with gestures, thus extending their dwell time. Moreover, even those simply passing by may notice people making gestures and become curious about what is happening. This influenced reaction—where people notice someone already looking at the display and are thereby prompted to look themselves—is known as the honey-pot effect Brignull and Rogers (2003). The honeypot effect increases attention to the display, creating an interaction among three individuals: the display, the pedestrian viewing the display, and other pedestrians. The crucial element here is the “pedestrian viewing the display,” who mediates this three-way interaction. Without this mediator, the honeypot effect does not occur. A similar social behavior is known as joint attention. Joint attention refers to the process by which individuals share attention through gaze. By eliciting joint attention, it becomes possible to understand each other’s intentions Kaplan and Hafner (2006), share experiences Christidou (2018); Aoyagi et al. (2023), and facilitate smooth engagement in interaction Huang and Thomaz (2010); Schnier et al. (2011). Systems have been designed to deliberately prompt the occurrence of joint attention, and once joint attention is established, the sustained gaze further conveys intentions between individuals. In contrast, in the honey-pot effect—a three-way relationship involving a display—the pedestrian merely imitates the actions of another pedestrian, without reaching an understanding of interpersonal intent. In other words, the presence of the pedestrian stopping in front of public displays is crucial for drawing the attention of other pedestrian. By presenting interactive content, it encourages others to engage in attention-seeking behavior, which in turn triggers new attention Müller et al. (2009).
However, not all display content is necessarily interactive. In light of costs and equipment constraints, many public displays simply show static images or videos, which are widely used in practice Huang et al. (2008). In such cases, display blindness is more likely to occur, and the display is more easily overlooked. Consequently, there are no pedestrians viewing the display, and the honeypot effect fails to emerge. In contrast, in virtual reality (VR) environments, it is often difficult to determine whether avatars are controlled by real users or computer algorithms based solely on their visual appearance. Nonetheless, studies have shown that the gaze direction, proximity, and non-verbal behaviors of virtual agents can significantly influence users’ attention and spatial perception Schott et al. (2025); Nelson et al. (2024). Research indicates that users respond sensitively to avatar gaze even when facial detail is minimal, and that proximity and gestural cues can modulate spatial awareness. Furthermore, emotional engagement and the sense of presence in VR are closely linked, suggesting that socially expressive avatars can enhance both attentional and affective responses Riva et al. (2007). Taken together, these findings suggest that avatars can be purposefully designed to simulate the role of “pedestrians viewing the display,” thereby serving as salient social cues within the VR space. In this context, a controlled pedestrian avatar may act as a mediator, facilitating a honeypot effect between the display and the participant.
Therefore, this study examines the relationship between avatar-mediated social attention and the honeypot effect in VR environments. Furthermore, it investigates whether the avatar-mediated honeypot effect influences not only attention to the display but also the recognition of presented content. Thus, as shown in Figure 1, this paper addresses the following three research questions:
	RQ.1: Does the behavior of a pedestrian in front of the display influence the behavior of the pedestrian behind them?
	RQ.2: If the follower’s behavior is affected, does this influence their recognition of the display content?

[image: Virtual street scene with pedestrians and public display. Beside it, there are diagrams with research questions, (1) Does the behavior of a pedestrian in front of the display in uence the behavior of the pedestrian behind them?, (2) If the follower’s behavior is affected, does this in uence their recognition of the display content?, and (3) Do Germans and Japanese differ in how frequently they are drawn to look when the person in front turns toward the display?.]FIGURE 1 | The research questions are followings: (1) Does the behavior of a pedestrian in front of the display influence the behavior of the pedestrian behind them?, (2) If the follower’s behavior is affected, does this influence their recognition of the display content?, and (3) Do Germans and Japanese differ in how frequently they are drawn to look when the person in front turns toward the display? These are answered by conducting experiments with 18 participants.Additionally, differences in nationality or culture may also influence such behaviors. For example, with regard to interpersonal distance, Asian individuals have been reported to maintain larger personal space compared to Europeans Hasler and Friedman (2025). Eye contact norms can likewise vary: in Germany, making eye contact is considered polite, while in Japan it can sometimes be perceived as a sign of anger Akechi et al. (2013); Sicorello et al. (2019). As these examples suggest, one person’s action may trigger changes in another person’s behavior, such as stepping back when someone gets too close or looking away when eye contact is established. In urban environments, such scenarios hint at how one’s behavior can change in response to observing someone else’s behavior. Therefore, to explore whether there is a difference in how people from different cultures react to another person turning toward a public display, we conducted experiments in both Germany and Japan and report the differences.
	RQ.3: Do Germans and Japanese differ in how frequently they are drawn to look when the person in front turns toward the display?

Previous studies on non-interactive public displays have largely focused on one-to-one interactions between the pedestrian already standing in front of the display and the display itself. This is because display blindness in the real world cannot be ignored, making the honeypot effect less likely to occur. This study extends these questions to a three-party relationship connecting pedestrians and non-interactive displays via controlled avatars, providing insights into the honeypot effect within VR spaces. If the honeypot effect—where attention heightens and recognition improves due to others’ actions, even without interactive mechanisms—is confirmed, it could demonstrate unique possibilities for display utilization within VR spaces. Furthermore, this study is based on previous research Kuratomo et al. (2025) that investigated, on a small scale, whether the behavior of avatars influences the recognition of displays. This study further extends this by examining recognition of content and cultural differences as well.
2 MATERIALS AND METHODS
2.1 Experimental environment
In order to examine whether an individual’s response to a public display can influence the behavior of surrounding pedestrians, we constructed an experimental environment that recreates a city street in virtual space (Figure 1). The experimental setup was informed by the public-display implications identified by Mäkelä et al. (2020), such that participants were immersed in a naturalistic scenario and the environment did not contradict the behaviors we aimed to measure. The detailed design is as follows. The environment simulates a typical sidewalk during daytime, featuring bright lighting settings and low-volume ambient sound. Buildings and streetlights are placed on both sides of the street, and multiple pedestrian avatars are randomly arranged on the road and walkways. Although the placement of some buildings was unintentionally altered due to a software issue during the process, the change was minimal and had few impacts on the experimental environment. There are approximately ten avatars in total, each programmed with predefined behaviors such as walking, stopping, and chatting with other avatars.
Participants wore an HTC Vive headset and walked within this VR environment developed in Unity. For locomotion, they used a handheld controller. To mitigate VR motion sickness, the visual field did not move continuously. Instead, pressing and holding a controller button initiated incremental transitions. The ground displayed arrows indicating the walking route, guiding participants from the starting point to a goal (marked by a dead-end sign). Participants were allowed to stop, look around freely, and were given a practice session in a sample environment before starting, ensuring they became familiar with movement and viewpoint operations.
The focus of this research is on how avatar behaviors affect participants walking behind or approaching from the opposite direction. In this study, the independent variables are the behavior and walking direction of an avatar preceding the participant, while the dependent variable is the participant’s own behavior. Three behavioral conditions were implemented for the avatar:
	Walking Past: Walking past by the display without paying attention.
	Attention: Turn briefly toward the display and pay temporary attention.
	Approach: Move closer to the display, stop there to view the advertisement, and then walk away.

The Approach condition was designed by referencing the audience funnel Müller et al. (2010), Michelis and Müller (2011). For the Attention condition, the avatar did not approach the display but rotated its head to face the screen while passing. Regarding walking direction, we employed two patterns: an avatar walking in the same direction as the participant (see Figure 2) and an avatar walking from the opposite direction (see Figure 3). Two avatars performed each behavior simultaneously in each trial. The duration for which the avatar turns toward the display and the time spent stopping to look are fixed.
[image: Three avatar behavior conditions are depicted. In the Walking Past Condition, the avatar walks past signage. In the Attention Condition, the avatar passes by with its head turned toward the signage. In the Approach Condition, the avatar turns to the signage, stops to look, and then continues walking.]FIGURE 2 | Avatar behavior conditions walking in the same direction in front of the participant.[image: Four panels depict avatar behavior conditions in a virtual street setting. The first panel shows the "Walking Past Condition" with the avatar walking straight. The second panel shows the "Attention Condition" with the avatar facing forward. The third and fourth panels depict the "Approach Condition" with the avatar moving towards the display. Directional arrows on the street guide the participants' movement.]FIGURE 3 | Avatar behavior conditions walking from across the street.To ensure that display placement did not itself influence participant behavior, three signage-location patterns were used, as indicated in Figure 4 (e.g., (1) one on the right front and one on the left rear, and (2) one on the right rear and one on the left front, and (3) two displays in the central area). Each of the three avatar-behavior conditions was randomly paired with one of these signage-placement patterns.
[image: Three aerial maps illustrating placement conditions for public displays in an urban setting. Each map shows a different layout of streets, buildings, and public display locations. Green arrows indicate participant routes. 1: The right-side signage is in the front, the left-side signage is in the back. 2: The right-side signage is in the back, the left-side signage is in the front. 3: Both the right-side and left-side signage are in the center.]FIGURE 4 | Three conditions of the signage placement: The location of the display and the pedestrian trajectory are overlaid for ease of viewing in the figure.The displays presented static-image advertisements. Six different images—contact lenses, detergent, salad, airplane, tom yum goong, and champagne—were sourced via a subscription from the site fre (Last access: 4 September 2025). No participant encountered the same advertisement more than once.
For data collection, we projected participants’ VR view onto a monitor and recorded it using a GoPro camera. This allowed us to capture the orientation of the headset and a general sense of each participant’s field of view, without including personal identifiable information (e.g., faces or body images).
2.2 Participants
The recruitment period for participants in Germany was from January 19 to 11 March 2023, and in Japan from February 5 to 29, 2024. A total of 18 individuals took part in the study: 9 residing in Germany and 9 residing in Japan. Of these, 8 were German (five males and three females), 8 were Japanese (six males and two females), 1 was American (female), and 1 was Chinese (male), with an average age of 24.39 ± 3.20 years. More than half of the participants had no prior VR experience, as no specific requirements regarding VR familiarity were imposed during recruitment.
Participants in Germany were recruited through a publicly posted call for participation on the bulletin board of the authors’ institution, and all nine volunteers who responded took part in the experiment. In Japan, recruitment was carried out via an email announcement within the authors’ institution, and all nine respondents participated. During recruitment, we asked for individuals with normal or corrected-to-normal vision and hearing. No additional screening was conducted. Furthermore, participants were not asked about their VR experience.
2.3 Experimental procedure
Prior to the experiment, participants were given a brief overview of the procedure and signed a paper-based informed consent form. To avoid revealing the specific focus of the study, it was described as a “walking behavior experiment,” with further details provided during debriefing. This research received approval from the ethics committee at the authors’ institution. Participants were compensated based on minimum wage rates in each country: 10 euros in Germany and 690 yen in Japan. The only requirement for participation was normal visual and auditory ability.
Participants began with a practice session in the VR environment, learning how to move around and confirm the route to be followed. The practice used a simple street environment and lasted about 3 min, with green arrows indicating the path. Two public displays were also placed in this practice environment. After the practice, participants performed three main trials, with a short break between each trial to reduce VR motion sickness. All three conditions—Walking Past, Attention, and Approach—were experienced, but display placement patterns and the order in which participants encountered each condition were randomized.
During each main trial, participants wore a VR headset, headphones, and used a controller to navigate the virtual street. Pressing and holding a controller button allowed movement along the green arrows. Releasing the button brought them to a stop, and they could rotate their head to look around. The length of time spent stopping or looking around was left up to the participants. Movement beyond the specified route was restricted. Each trial ended when participants reached a “Dead End” sign, at which point they removed the headset and took a break.
After completing all trials, participants answered a questionnaire. They were asked whether they noticed the displays or their content, what content they recalled, and to what extent they believed they were influenced by the avatars’ behaviors. A free-response section allowed them to share overall impressions across the three trials. The full questionnaire is provided in the Supplementary Material.
Each trial took approximately 3 min. Including preparation, practice, breaks, and questionnaire responses, each participant required about 45 min in total to complete the session.
3 RESULTS
3.1 Head-turning toward the display
This section addresses RQ.1: does the behavior of a pedestrian in front of the display influence the behavior of the pedestrian behind them?
First, based on the recorded video data, we defined head-turning as follows: when the avatar walking ahead turned toward the display or approached it, any subsequent head turn by the participant toward the display was considered a “head-turning event.” In the Walking Past condition, by contrast, we simply noted whether the participant looked at the display. These events were identified by experimenters reviewing the video footage and determining whether the participant’s viewpoint clearly shifted toward the signage. While we did not perform frame-by-frame quantitative angle analysis or discrimination based on fixation duration, this operational definition allowed us to consistently distinguish intentional orienting responses from small posture adjustments. There were 18 participants and two displays, so the data count in each of the Walking Past, Attention, and Approach conditions was n=36.
As shown in Figure 5, head-turning occurred in 11.1% (4 instances) of the Walking Past trials, 16.7% (6 instances) of the Attention trials, and 66.7% (24 instances) of the Approach trials. A Kruskal–Wallis test on the number of head-turns revealed a significant difference at the 1% level (χ2(2)=30.96, p=1.89×10−7). Post hoc tests using the Steel–Dwass method, which includes built-in correction for multiple comparisons, further indicated significant differences between the Walking Past and Approach conditions (t=4.80, p=4.71×10−6, r=0.80), as well as between the Attention and Approach conditions (t=4.27, p=5.73×10−2, r=0.71). No significant difference was found between the Walking Past and Attention conditions (t=0.68, p=0.777, r=0.11). These findings suggest that when an avatar approaches and stops at the display, it more effectively draws a pedestrian’s gaze.
[image: Bar graph depicting the percentage of turn around for three avatar conditions: Walking Past (11.1%), Attention (16.7%), and Approach (66.7%). Significant differences, indicated by double asterisks, show p-values less than 0.01, highlighting notable differences between Walking Past and Approach conditions, and between Attention and Approach conditions.]FIGURE 5 | Proportions of head-turning under three avatar behavior conditions. A Kruskal–Wallis test showed a significant difference among conditions (χ2(2)=30.96, p=1.89×10−7). Steel–Dwass post hoc tests revealed significant differences between Approach and both Walking Past (p=4.71×10−6) and Attention (p=5.73×10−2), but not between Walking Past and Attention (p=0.777).Next, we analyzed the difference between an avatar walking in the same direction versus one approaching from the opposite direction (Figure 6). Each case had a data count of n=18. For avatars walking ahead in the same direction, the proportions of head-turning were 5.6% (1 instance), 0.0% (0 instances), and 83.3% (15 instances), respectively. In contrast, the proportions of head-turning induced by an avatar approaching from the opposite direction were 16.7% (3 instances) in the Walking Past condition, 33.3% (6 instances) in the Attention condition, and 50.0% (9 instances) in the Approach condition. To assess the effect of walking direction within each condition, we applied the Wilcoxon rank-sum test with continuity correction. The results revealed no significant difference in the Walking Past condition (W=180, p=0.309), while significant differences emerged in the Attention (W=216, p=0.0088, r=0.49) and Approach (W=108, p=0.038, r=0.34) conditions. This indicates that the direction in which the avatar is walking has a notable impact on how easily participants are drawn to look at the display, particularly in the Attention and Approach conditions.
[image: Bar graphs illustrate the percentage of turn around in three conditions: Walking Past, Attention, and Approach. In the Walking Past condition, "In front" shows 5.6% and "Across the street" 16.7%. In the Attention condition, "In front" is 0.0%, "Across the street" 33.3% with a significant difference at p < 0.01. In the Approach condition, "In front" is 83.3%, "Across the street" 50.0%, with a significant difference at p < 0.05.]FIGURE 6 | Head-turning rates compared between avatars walking ahead and approaching from the opposite direction. Wilcoxon rank-sum tests showed no significant difference in the Walking Past condition (p=0.309), but significant effects in Attention (p=0.0088) and Approach p=0.038) conditions.3.2 Ad recognition
Next, to determine whether participants who turned their heads due to avatar behavior were aware of the advertisements shown on the display, a questionnaire was administered asking them to describe the content they saw (see Appendix). We focused on the individuals influenced by the avatar’s actions – 3 in the Walking Past condition, 6 in the Attention condition, and 15 in the Approach condition–and compared how accurately they recalled the ads.
In the Walking Past condition, none of the 3 participants answered correctly (0.0%). In the Attention condition, 2 out of 6 (33.3%) gave the right answer. In the Approach condition, 7 out of 15 (46.7%) answered correctly. Those who responded accurately could only recall one of the two displays. A Kruskal–Wallis test did not reveal a meaningful difference among these groups (χ2(2)=2.283, p=0.319). Thus, there was no apparent variation in ad recognition based on the different head-turning conditions of the avatars.
3.3 Differences by nationality
Because most participants were either German or Japanese, we examined whether there was a difference in their propensity to turn toward the display. For this cultural comparison, the analysis included eight German participants and eight Japanese participants; one participant each from the United States and China were excluded to avoid confounding effects of different cultural backgrounds. We combined the data from the Walking Past, Attention, and Approach conditions, resulting in n=24 data points for each nationality (8 participants × 3 conditions). Since each condition involved 2 displays, there were 2 turning opportunities per condition, for a total of 6 across the three conditions. Of these, Germans turned toward the display 5 times (20.8%), while Japanese participants did so 9 times (37.5%). We conducted Wilcoxon rank-sum tests with continuity correction for each condition. The results revealed no significant difference in the Walking Past condition (W=128, p=1.000), nor in the Attention condition (W=128, p=1.000). In the Approach condition, the test yielded W=96, p=0.139, which also did not reach statistical significance. These results indicate that there was no discernible difference in susceptibility to head-turning between German and Japanese participants across all conditions.
3.4 Participant comments
Below are comments from the questionnaire item, “Why did you look at the display?” In the Walking Past condition, no participant cited the walking avatar as a reason for looking at the display. In the Attention condition, however, one participant (P12) noted, “Because the person passing by glanced at it repeatedly,” indicating that an avatar coming from the opposite direction influenced them to turn. In the Approach condition, multiple participants (P2, 11, 12, 13, 14, 16, 18) gave responses along the lines of, “Since a passerby stopped to look at the display, I also paid attention to it.”
4 DISCUSSION
4.1 Answer to RQ.1 - content design of public display
Based on the three research questions posed at the start of this study, this chapter discusses answers to each question in light of the experimental results.
First, regarding RQ.1—“Does the behavior of a pedestrian in front of the display influence the behavior of the pedestrian behind them?”—the results in Section 4.1 indicate that, under certain conditions, a pedestrian behind can indeed be influenced by the pedestrian in front. Specifically, in the Approach condition, where the avatar in front draws closer to and stops at the display, the frequency with which the participant behind turns toward the display increases, regardless of the avatar’s walking direction. One participant (P11) commented, “Since the person walking in front looked at the public display, I also turned my attention to it.” From these observations, it appears that when the pedestrian in front transitions from a simple walking state to a different state (in this case, walking up to the display and stopping to look), the person behind is more likely to follow suit.
In contrast, when the avatar in front remains in motion but simply turns its head to look at the display while walking, participants were more likely to mimic that head turn if they could see the avatar’s face (i.e., when it was walking in the opposite direction). The fact that participants were less influenced by an avatar in front whose head and face were not visible (i.e., only its back was seen) further suggests that for a walking pedestrian, the “turning one’s head” action tends to draw attention only when the other person’s face is visible.
From these findings, the answer to RQ.1 can be summarized as follows: When the pedestrian in front fully shifts their body toward the display and approaches it, those behind are more inclined to be drawn to it as well. - If the person in front remains in a walking state but turns their head, the one behind is more likely to be influenced if they can see the front pedestrian’s face.
Taken together, these results indicate that a controlled avatar can indeed act as an intermediary in the honey-pot effect within VR environments. In the Approach condition, the avatar’s act of stopping in front of the display reliably attracted the follower’s attention, functioning much like a “first viewer” would in real public spaces. In contrast, the Attention condition produced more mixed outcomes: some participants followed the avatar’s cue while others did not. This pattern suggests that people’s perceptual reactions depend strongly on whether the avatar’s behavior conveys a clear sense of gaze direction. Importantly, the effectiveness of these cues did not require the gaze to be produced by a real person; computer-controlled gaze shifts were sufficient to trigger attentional responses, consistent with previous findings that sudden changes in others’ gaze can draw observers’ attention. In this respect, users in VR appear to respond to an avatar’s walking behavior and gaze cues in ways that closely resemble reactions to real pedestrians in physical environments.
Furthermore, the fact that approach actions were fewer than attention actions also mirrors reality. For the participants behind the avatars, actions of approach or attention conditions and were sudden movements, causing some participants to interrupt their goal-directed actions prompted by the prior instruction to “head toward the goal.” This is also demonstrated in the literature Petersen and Posner (2012); Corbetta and Shulman (2002) and can be considered “bottom-up” attention control. However, participants did not progress to actions like stopping to look, failing to reach “goal-driven” cognition. In reality, few people progress from noticing an advertisement to cognition Parra et al. (2014); Sahibzada et al. (2017), and this study shows that transitioning to goal-driven behavior is also difficult in VR.
This conclusion can inform the development of public display content that takes pedestrian behavior patterns into account. For instance, if a display emits sound to catch someone’s eye, using a directional speaker aimed at a specific individual—rather than broadcasting sound to everyone—might also attract attention from the oncoming pedestrian. Moreover, content that encourages gestures can cause a pedestrian to change their walking state, thereby triggering a honey-pot effect that draws attention from other passersby Brignull and Rogers (2003); Parra et al. (2014); Veenstra et al. (2015). Furthermore, by placing an avatar that appears to be operated by a person in front of the display and moving its gaze, the display’s effect extends to the avatar’s position.
4.2 Answer to RQ.2 - content recallability
In this section, we address RQ.2: “If the follower’s behavior is affected, does this influence their recognition of the display content?”
From the results on ad recognition among participants who did look at the display, it became evident that the content is not necessarily retained. Our analysis, which focused on whether those who turned their heads due to an avatar’s behavior could recall the ad, revealed a low rate of accurate memory for all avatar behavior conditions, with no significant difference observed (p=0.319).
In particular, in the Attention condition, 2 out of 6 individuals (33.3%) correctly identified the ad content, and in the Approach condition, 7 out of 15 (46.7%) did so, but this difference was not statistically significant. Most of those who turned to look spent only about one or 2 seconds viewing the ad, indicating that such a brief period is unlikely to suffice for fully encoding the content. In other words, a single glance may not lead to short-term memory formation.
Nevertheless, it is not impossible for brief exposure to yield some recall. For instance, one participant (P9) commented, “I am flying soon so I noticed an airplane,” referring to an advertisement featuring an airplane illustration. This indicates that ads personally relevant to a pedestrian may be recognized even in a short time. In real-world advertisements, it has been reported that ads relevant to individuals are more likely to attract attention Kaspar et al. (2019), and this has been confirmed to hold true in VR as well. However, this pertains only to the stage of attention and cognition, and does not delve into how the ads are ultimately perceived. Furthermore, increasing the volume or using overly vivid colors to attract attention could overwhelm the surrounding environment with noise; hence, it is essential to consider harmony with the environment.
Taking these findings into account, the answer to RQ.2 is that, although pedestrians who turn their heads are momentarily drawn to the display content, they typically pay attention for only a very short time while walking, making it less likely that they will retain the information in memory.
4.3 Answer to RQ.3: differences by nationality
Finally, this section addresses RQ.3: “Do Germans and Japanese differ in how frequently they are drawn to look when the person in front turns toward the display?” As noted in the introduction, cultural backgrounds can potentially affect nonverbal communication behaviors such as interpersonal distance Hasler and Friedman (2012); Akechi et al. (2013); Sicorello et al. (2019), suggesting the possibility of differences in how “one person’s head-turn” influences another. However, when comparing the frequency of head-turning across the Walking Past, Attention, and Approach conditions for German and Japanese participants, no statistically significant difference was found between these two groups.
This result suggests that the influence exerted by a front pedestrian’s behavior may be relatively unaffected by differences in interpersonal distance or eye contact specific to a particular nationality. For instance, prior studies on nonverbal communication often focus on scenarios involving mutual eye contact or reducing interpersonal distance. By contrast, the “turning one’s head toward a public display” behavior observed in this experiment is a largely one-sided action—simply deciding whether or not to look at the display—frequently without direct eye contact or distance adjustment with the person in front. Thus, cultural differences may have been less likely to manifest in this context.
However, it is important to note that our sample size was small (8 Germans and 8 Japanese), and only two nationalities were included. Additionally, numerous other factors—such as the movement flow of people, bystanders’ gaze, and crowd conditions—can affect behavioral reactions. In view of these considerations, the answer to RQ.3 is as follows: under the conditions of this study, no difference was observed between German and Japanese participants in the frequency with which they were influenced by a front pedestrian’s head-turning behavior. This suggests that the movements of an avatar’s head and gaze in VR may function similarly even among individuals from different cultural backgrounds. However, this could change if the avatar’s appearance is tailored to a specific culture or age group.
4.4 Deployment in a virtual environment
In this study, we observed pedestrian behavior in a real-world context by means of a VR environment, and the insights gained are also directly applicable to the design of displays and their surroundings within virtual spaces. For example, when placing an advertising display in VR, one could position a guiding avatar in front of the screen; by having the avatar pause and exhibit attentive behavior, users’ gaze can be steered naturally toward the display. Because users cannot easily distinguish whether the avatar is a real pedestrian or a computer-controlled agent, such guidance is unlikely to be perceived as deliberate, allowing a seamless and implicit notification of the display’s presence. This interpretation is consistent with recent work showing that virtual agents can become part of the user’s perceptual frame, influencing how attention and behavior are organized within mediated environments Cesari et al. (2024a). Moreover, findings on embodiment and presence suggest that subtle, embodied cues—such as head turns or brief pauses—can modulate users’ sensorimotor responses and situational awareness in VR Cesari et al. (2024b), helping to explain why even a simple, non-interactive avatar can function effectively as an intermediary between the display and the user.
Such an implicit attention-cueing method must be evaluated not only for its ability to capture gaze but also for its effectiveness in prompting actual behaviors (e.g., clicks, purchases, information retrieval) Sugiyama and Andree (2010). Although the present study did not assess conversion outcomes, it suggests that this approach holds promise as an early-stage attention-cueing technique.
4.5 Limitation
This study has several limitations. First, there is a constraint regarding the setup of avatar behaviors. We limited the avatars’ actions to three patterns (Walking Past, Attention, and Approach), but real-world pedestrian behavior is far more diverse and can include unpredictable factors. For example, we did not examine how unplanned contact between pedestrians or differences in walking speeds might affect behavioral reactions. Consequently, the findings may not fully reflect the complexity of real-world settings.
Next, there are limitations in our data collection methods. In this study, we used a GoPro to record the participant’s perspective and behavior within the VR environment, but we did not obtain detailed data on precise gaze direction or fixation duration on the display or nearby avatars. Using eye-tracking technology could offer deeper insights into the mechanisms behind how pedestrians are guided to look at advertisements or turn their heads.
Additionally, we tested only three conditions related to display placement. In real urban environments, however, displays can be located in a wide variety of places with diverse surroundings, such as different building layouts or traffic volumes. Thus, the conditions we set do not encompass all possible scenarios. It is important to keep in mind that these results, based on specific conditions, may not be applicable to every real-world situation.
In this experiment, participants’ walking was governed by on-screen transitions to reduce simulator sickness and maintain consistent conditions. Movement to the left or right was not permitted. If lateral movement were allowed, the distance between participants and the display or avatars would become another factor, potentially altering how much attention or recognition was directed toward the display. All participants in this study encountered identical avatar paths and surrounding conditions, which helped isolate the avatar’s actions as the main variable. In reality, though, crowd density, visual and auditory stimuli, and other external factors also play a role in pedestrian behavior. Future investigations should take these elements into account. In addition, VR experience was not considered in the recruitment. Even for inexperienced participants, practice before the experiment allowed for smooth execution. However, it is important to note that their limited experience may have influenced participants’ attention, behavior, and sense of immersion.
Moreover, this research involved 18 participants; however, for the cross-national comparison, one American and one Chinese participant were excluded, resulting in 8 participants from Germany and 8 from Japan. While this sample size was sufficient for an initial user experiment, expanding to larger groups in more crowded contexts or other nationalities would boost the generalizability of the findings. The present study included only two nationalities, yet cultural background and pedestrian behavior can be influenced by regional aspects such as urban versus rural conditions. Future studies should enroll a more culturally diverse group of participants to broaden the applicability of these insights.
Finally, since the sample size was limited, we conducted a post hoc power analysis to assess the statistical sensitivity of our experiment. Effect sizes (r) were calculated from the Steel–Dwass post hoc comparisons reported in Section 4.1. The comparison between Walking Past and Attention yielded r=0.11, indicating a small effect. The comparison between Attention and Approach yielded r=0.71, and between Walking Past and Approach yielded r=0.80, both indicating large effects. Based on these values, the estimated statistical power ranged from 0.08 to 0.99, assuming α=0.05 and n=36 per condition. These results suggest that our study was sufficiently powered to detect large effects in head-turning behavior, although smaller effects may have gone undetected. Furthermore, given the smaller number of participants involved in cross-cultural comparisons, future studies with larger and more diverse samples would enhance the generalizability of cross-cultural findings.
5 CONCLUSION
This study investigated, within a virtual environment, whether people passing by a public display are influenced by the behavior of others around them.
The results revealed that pedestrians behind someone who fully turns and approaches the display, or who sees an oncoming pedestrian turning toward it, are more likely to follow suit (RQ.1). However, even when participants were influenced to look at the display, they only glanced at it briefly, which did not lead to effective recognition of the advertisement (RQ.2). Furthermore, no notable differences were found between German and Japanese participants (RQ.3).
These findings suggest that, even for static display content, attracting the “first pedestrian” through visually striking designs or the use of sound can be critical. Even when the VR avatar was controlled as the “first pedestrian,” participants perceived the avatar’s head and gaze movements and were influenced. Therefore, to capture pedestrians’ attention effectively, it is important not only to consider the content of the display but also to carefully plan the display’s placement based on walking directions.
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