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 Social Conformity in ImmersiveVirtual Environments: The Impact ofAgents’ Gaze BehaviorChristos Kyrlitsias1,2, Despina Michael-Grigoriou1,2* , Domna Banakou1,3 andMaria Christofi1,2
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 Immersive virtual reality (IVR) can induce an experience of “social presence” whichcan, in turn, increase social influence. Non-verbal behavior such as eye contact is animportant component of human communication and, therefore, an important factor increating social presence. This paper presents an experimental study that elaboratessocial influence through conformity with a group of virtual agents within an immersivevirtual environment (IVE). Specifically, it investigates the impact of the agents’ gazebehavior on social presence and influence. An experiment based on the Asch (1951)paradigm using two levels of agents’ gaze behavior (Eye Contact condition vs. No-EyeContact condition) was conducted. The results showed that participants conformedwith the agents as they gave significantly more incorrect responses to the trials thatthe agents also gave an incorrect response, compared to those trials that the agentsgave correct answers. However, no impact of the agents’ gaze behavior on conformitywas observed, even if the participants in the Eye Contact condition reported a highersense of social presence. In addition, self-reported measures showed a number of socialeffects that occurred only in the eye contact condition, indicating that the agents’ gazebehavior has an impact on participants’ experience.
 Keywords: virtual reality, agents, behavioral realism, social influence, conformity, social presence, eye contact
 INTRODUCTION
 In our daily lives, our decisions are greatly influenced by others. Our attitudes, our beliefs, and ourbehavior are influenced in a way that meets the demands of our social environment. This act ofmatching attitudes, beliefs, and behaviors to group norms, known as conformity, is one of the mostpowerful forms of social influence. This effect was initially studied by Jenness (1932), who askedthe participants to estimate the number of beans in a bottle, individually. Then the participantswere divided into small groups and were asked to discuss the task and to provide a commonestimate, and finally, they were provided with the opportunity to revise their initial individualestimates. The results showed that the majority of the participants changed their initial estimationtoward that of the group. Sherif (1935) conducted a series of experiments using the autokineticeffect, the illusion of movement in the absence of a reference point (spot of light in a dark room).When the participants were asked to individually estimate how far the light moved, their answers
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 varied considerably. Yet, when they were asked to do the samein groups of three, stating their estimates out loud, Sherif foundthat their estimates converged. The most famous experimentalapproach of conformity, however, was the one carried outby Asch (1951, 1955, 1956). Asch conducted an experimentto investigate the extent to which social pressure from themajority can influence an individual and make him/her conform.Participants were placed in a room along with seven confederatesand were asked to answer some simple line-length comparisontests. The confederates’ responses had been agreed in advance.The participant was led to believe that the other six attendees werealso real participants and not part of the experiment’s scenario.The results demonstrated that the participants were affected bythe pressure of the majority of others. Approximately one third ofall estimates in the critical group were distorted in the directionof the majority.
 One of the most common uses of Immersive Virtual Reality(IVR) technologies is the simulation of real or hypotheticalscenarios (Slater and Sanchez-Vives, 2016) in entertainment,education (Stavroulia et al., 2018), training (Bombari et al.,2015), and research (Blascovich et al., 2002; Bombari et al.,2015), just to name a few. The use of Virtual Reality (VR)applications is expanding dramatically as IVR technologies arebecoming more affordable and have the ability to provide acontrolled, realistic, safe, and accessible experience to the user.Many of these scenarios include social interactions with agents,computer-generated representations of humans whose behaviorsare determined by the computer (Blascovich et al., 2002; Vonder Pütten et al., 2010) and who can play various social rolessuch as that of an audience (Nazligul et al., 2017) and teachersand students (Stavroulia et al., 2018). The social interactionwith the agents plays a crucial role in the effectiveness of theseapplications, which requires that the agents behave as real people,so that the user reacts to them realistically (Bombari et al., 2015).
 Recent studies have explored whether conformity can alsobe caused by virtual humans. The results of a study (Kraemer,2013) replicated the Asch (1951) experiment within Second Life,a non-immersive virtual world that enables users to create virtualrepresentations of themselves and interact with other users. Theconfederates in that study were avatars controlled by other users,and the participants were aware of that. The results showed thatthe participants were more likely to make the same choices as theconfederates, compared to participants tested alone. A differentstudy (Midden et al., 2015) compared the conformity with agroup of humans, computers, and virtual agents displayed oncomputer screens. The results showed that conformity can beexerted by artificial majorities as participants conformed to thevirtual agents’ group and the computer’s group only in a high-ambiguity task. The impact of the ambiguity of the task onconformity with non-humans was also addressed by Weger et al.(2015), who demonstrated that conformity was greater in moreambiguous tasks. Similar were the findings of a study reported byHertz and Wiese (2016) that investigated social conformity withagents using three levels of human-likeness (computer, robot,and human). The results showed greater conformity in the high-ambiguity condition. Conversely, no effect of human-likeness onconformity was observed.
 These studies, however, are limited to physical agents such asrobots, and conversational agents on computer screens withoutthe use of IVR technologies. IVR technologies have severaladvantages, which make them a very useful tool for reproducingsocial scenarios (Blascovich et al., 2002). One of the advantagesof using IVR as a tool for psychological experiments is its abilityto offer a high level of experimental control. This enables theresearcher to conduct experiments which would be otherwisevery difficult and inefficient.
 An IVR system, thanks to its capability to provide amultisensory and interactive representation of a virtualenvironment, can induce to the user the illusion of being in thisenvironment. This sense of “being there” is called presence (orplace illusion) (Slater, 2009). Furthermore, IVR can induce anexperience of “social presence” (or “co-presence”), the feeling ofsensing another entity being present, which can in turn increasesocial influence (Oh et al., 2018). In this paper, we define socialpresence as the “sense of being together,” including the feelingthat the “other” is a sentient human being (Oh et al., 2018). Forexample, a recent study (Bailey et al., 2019) showed that childrenin an IVR condition demonstrated social compliance to a greaterextent than children in a non-immersive condition, suggestingthat IVR may elicit differential cognitive and social responsescompared to less immersive technologies.
 Nonetheless, the exploration of social conformity withinimmersive virtual environments (IVEs) is still limited. Theresults of a study by Bailenson et al. (2008a,b) showed that theparticipants conformed to the virtual classmates who exhibitedeither positive (attentive and focused their gazes on the teacher)or negative (distracted and did not pay attention to theteacher) learning behaviors. Specifically, the participants’ learningabilities were affected by the virtual co-learners’ behavior in avirtual classroom.
 A recent study (Kyrlitsias and Michael, 2016; Kyrlitsias andMichael-Grigoriou, 2018) replicated the Asch experiment inorder to investigate conformity with virtual humans in IVEsusing two experiments. The results of the first experiment showedthat participants’ response time was affected by the virtualagents’ answers, indicating some level of social pressure, butthe participants’ judgments were not affected. In a follow-upexperiment, a similar procedure was used in order to investigatethe effect of behavioral realism (gaze behavior) and agency(the extent to which the user believes that a virtual humanis controlled by a real human rather than the computer) onconformity. The results showed that participants conformed tosome extent to the virtual confederates, but no effects of agencyand gaze behavior on conformity were observed. However, thelevel of conformity was very low, as only 4 of the 52 participants(7.69%) conformed to some extent. Nonetheless, this minimalconformity rate did not allow any clear conclusions to be drawnregarding the effect of gaze behavior and agency on conformity.Supplementary Table 1 summarizes the IVR experiments usingthe Asch paradigm, including the present study.
 The primary aim of the current study was to investigate socialconformity with a group of virtual agents within an IVE. Totest that, we followed a procedure similar to the original Asch(1951) experiment, using the line-length comparison task. We
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 designed an IVR version of Asch’s experiment, with four virtualagents as confederates. Based on our previous findings, and inorder to achieve a higher conformity rate than in our previousstudy (Kyrlitsias and Michael-Grigoriou, 2018), we increased thetask difficulty and also reduced the sense of anonymity of theparticipants. In order to increase the difficulty of the task, welimited the trial card projection duration, which is a commonway of increasing the task difficulty in such experiments (Hertzand Wiese, 2016; Midden et al., 2015). Based on pilot tests,we balanced the task difficulty (projection duration and line-length differences), so that it was challenging enough, but theparticipants could still figure out the correct answer. In orderto reduce the sense of anonymity, participants were asked tointroduce themselves to the agents before the procedure began.Our prediction was that participants would conform to the virtualhumans’ judgments by giving more incorrect answers to trialswhere the confederates gave a wrong response, than to the trialswhere the confederates answered correctly.
 Additionally, by manipulating the agents’ non-verbal behavior,and specifically the gaze behavior, we examined whether thisfactor has an impact on the level of conformity. Non-verbalbehavior (such as eye contact, interpersonal distance, facialexpressions, and gestures) is an important component of humancommunication (Bente et al., 2007) and, therefore, an importantfactor for the creation of social presence (Oh et al., 2018).In this study, we created two levels of gaze behavior for theagents, the Eye Contact (EC) condition and the No Eye Contact(NEC) condition. In the NEC condition, the agents had no gazebehavior, and therefore they did not make any eye contact withthe participant or the other agents (Figure 1, left). In the ECcondition, during the answering phases of the procedure, theagents turned their gaze toward the one who was responding atthat moment, whether that was the participant or another agent(Figure 1, right). We presume that by adding an extra social cue,such as eye contact, a stronger sense of social presence will beinduced to the participants, and, as social presence has an impacton social influence (Oh et al., 2018), we predicted that conformityin the EC condition would be greater than in the NEC condition.
 This manipulation of the agent confederates’ gaze behavior isan example of the advantage of the use of IVR technologies forthis kind of experiments. By using human confederates, it wouldbe almost impossible to control their gaze behavior betweenthe trials and the experimental sessions. Here the recruitment
 of virtual agents allowed us to have total control over theexperimental protocol and study the impact of the confederates’gaze behavior on participants’ conformity.
 In addition, we measured the participants’ self-esteem(Rosenberg, 1965), a personality characteristic that is related toconformity (Gergen and Bauer, 1967), in order to understandhow a person’s individual characteristics may affect socialbehavior with agents in IVEs. We also addressed the participants’subjective evaluations regarding their experience in the virtualenvironment. The participants were asked to assess their senseof presence in the virtual environment and evaluate the agents’behavioral realism. Moreover, we asked the participants tostate how confident they felt about their answers and whetherthey were influenced by the responses of the virtual humans.Finally, using the head tracking provided by the VR headset, werecorded the participants’ gaze direction during their experience.Specifically, we recorded the duration that each participantlooked toward the agents and the duration of the mutual gazebetween the participant and the agents. This was done to examinethe impact of social pressure and the agents’ behavior on theparticipants’ non-verbal behavior.
 MATERIALS AND METHODS
 Experimental DesignOverall, 41 volunteers over 18 years of age participated in thestudy. One of them did not complete the experiment, whiletwo participants were excluded as they were aware of theoriginal Asch experiment on which the study was based, andwhich could have biased their responses. Therefore, in total,data collected from 38 participants, of whom 26 were female,were used in this study. This was a between-group design,and participants were randomly assigned to one of the twoconditions, the EC group or the NEC group (Table 1). Allparticipants signed a consent form which was a prerequisite forparticipation in the study.
 Ethics StatementAll participants provided their written informed consent toparticipate in this study. Written informed consent was obtainedfrom the individuals for the publication of any potentially
 FIGURE 1 | The virtual environment and the virtual agents as seen from the participant’s perspective in the NEC (left) and EC conditions (right) at a time in whichthe participant is required to provide an estimate.
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 TABLE 1 | Distribution of participants over conditions and summarized pre-VRquestionnaire measures.
 Conditions
 NEC EC
 N (Males) 18 (6) 20 (6)
 Mean ± S.E. Age 27.88 ± 1.845 24.4 ± 3.872
 Median VR Experience (IQR) 2 (3) 3 (4)
 Median 3D Experience (IQR) 2 (3) 2 (2)
 Mean ± S.E. Self-Esteem 33.06 ± 0.979 29.05 ± 1.05
 identifiable images or data included in this article or theSupplementary Material.
 Technical SetupThe experiment was performed using a PC equipped withan NVidia GeForce GTX 1060 graphics card. The setupincluded the Oculus Rift (oculus.com/rift) head-mounted display(HMD) with 2160 × 1200 resolution (1080 × 1200 pereye), 110◦ field of view, and 90 Hz refresh rate for 3Dimmersive viewing, head rotational, and positional tracking, andproviding spatialized audio. The application was created usingthe Unity (version 2018.2.1) game engine and the environmentusing Autodesk Maya and Adobe Photoshop. The virtualcharacters were designed and rigged using Autodesk CharacterGenerator. For the lip synchronization feature, the SALSA plug-in for Unity was used.
 Virtual AgentsFour animated virtual agents were created for the experiment,two male and two female. Two body animation clips were createdfor each agent, an “idle” and an “answering” animation. The “idle”animation included breathing movements and was repeated formost of the time. The “answering” animation clip included somemovement of the body and the hands and was playing each timethe agents gave their answers. The above animation clips wereslightly different for each agent. Also, to improve the realism, theagents performed blinking and lip movement animations usingblend-shapes. The lip-movement animation was synchronizedwith the audio to simulate speaking. The audio clips used for theagents’ voice were pre-recorded.
 An inverse kinematic technique directed by a scrip was usedfor the agents’ head movement and gaze manipulation. Whenthe trials were projected, in both conditions the agents turnedtheir heads toward the board. During the answering phase,in the EC condition all the agents turned their heads towardthe one answering, including the participant (Figure 1, right),performing eye contact. The participants’ head position wastracked dynamically using the HMD’s positional tracking. Duringthe answering phase in the NEC condition, the agents werelooking straight ahead (Figure 1, left). An amount of randomnesswas applied to the delay and the speed of the agents’ headmovement in order to make it look more natural and less robotic.
 ProcedureUpon their arrival at the laboratory, the participants receivedwritten information about the study and filled in the consentform. Then, they were asked to complete a pre-VR questionnairethat included demographic information as well as the Rosenbergself-esteem test.
 After they were fitted with the virtual reality HMD and thenecessary calibration was done, the virtual room with the 4 virtualagents (Figure 1) was presented and a familiarization periodof 30 s began. Next, the instructions phase began, where pre-recorded instructions explaining the task and the process of thestudy were played back to the participant. During this phase,which lasted 2 min, the agents and the participant were asked toverbally introduce themselves by stating their first names, theirage, and their occupation. This was done so that the participantscould better understand the order and the way in which theywould give their responses during the different trials, and toreduce the sense of the participants’ anonymity. Thirty secondsafter the instruction phase was completed, the trial session began.Each trial was presented on the virtual boards for 5 s andthen the agents and the participant gave their judgments insequence. The participant was placed in the last (fifth) positionand, therefore, gave his/her judgment after listening to theother four agents’ judgments. This procedure was repeated forall the 18 trials. Examples of different trial sessions for bothexperimental conditions are presented in Supplementary Video1. More details about the trials are presented in the Trials sectionand Table 2. During this session, the participants’ answers to eachtrial (Trial Error) and the participants’ Response Time to eachtrial were automatically recorded by the software. Also, using thehead tracking provided by the VR HMD, the Eye Contact Time,and the Mutual Gaze Time (in the EC group only) were recorded.More information about the recorded data can be found in theMeasures section.
 After the trials session, participants were asked to completea post-VR questionnaire regarding their experience (Table 3).Finally, the participants were verbally asked whether they werefamiliar with the original Asch’s (1951) conformity experimentand they were debriefed.
 TrialsOverall, there were 18 line-length comparison trials. Each trialwas presented for 5 s and had only one correct answer. The agentsgave their answers in all trials unanimously.
 Six of the trials (trials 1, 2, 5, 10, 11, and 14) were “non-critical,”and the agents gave the correct answer to all of them. The non-critical trials were used as training trials and were not consideredin the analysis. The use of non-critical trials is a technique usedin this kind of experiments (e.g., Asch, 1956; Hertz and Wiese,2016), and their purpose was to avoid causing any confusionto the participants regarding the length comparison task andgenerate some trust toward the agents. This is the reason that theopening trials are non-critical.
 The remaining 12 trials (3, 4, 6, 7, 8, 9, 12, 13, 15, 16, 17, and18) were the “critical” trials. The agents gave the correct answerto the 6 critical trials (3, 6, 8, 13, 16, and 18) and a wrong answer
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 TABLE 2 | Trials with the correct answers and the answers given by agents.
 Trial Number 1* 2* 3 4 5* 6 7 8 9 10* 11* 12 13 14* 15 16 17 18
 Correct Answer A B A C A C C B A A B A C A C C B A
 Agents’ Answer A B A A A C A B B A B C C A B C C A
 *Non-critical trials.
 TABLE 3 | The questions of the post-VR questionnaire.
 Measures Variable name Question
 a. Presence there How do you assess your sense of presence in the virtual room where the trials were carried out?
 real To what extent, during your experience, the virtual world has become the “reality” for you?
 lab* During your experience, which sensation was stronger, the feeling that you were in the virtual room,or the feeling that you were in the laboratory where the study was being carried out?
 b. Perceived Behavioral Realism behave The other participants in the study behaved like real people.
 move The other participants were moving like real people.
 talk The other participants spoke as real people.
 feel I had the feeling that the other participants were real people.
 c. Social Presence sameRoom I had the feeling that the other participants were with me in the same room.
 otherPerceived I had the feeling that the other participants were aware of my presence.
 otherListen I had the feeling that the other participants were listening to my answers.
 alone* I had the feeling that I was alone in the room.
 d. Response Confidence correctAnswers The answers I gave to the study were correct.
 difficult* The tests were difficult.
 doubts* I have doubts about the correctness of the answers I gave to the examination.
 confidentAnswers I felt confident about my answers.
 e. Self-Reported Conformity myOpinion* The answers I gave to the study were mainly based on my own opinion.
 otherOpinion The answers given by the other participants in the study affected my own.
 *Reverse interpretation.
 to the other 6 (4, 7, 9, 12, 15, and 17). The correct answers to eachtrial as well as the answers given by the agents are summarizedin Table 2.
 The first 9 trials were identical with the other 9 in the sameorder (trial 1 was the same as trial 10, trial 2 as trial 11, and soon). In this way, each participant was asked to respond to eachcritical trial twice, once after the agents gave the correct answerand once after they unanimously gave a wrong answer. This wasdone in order to balance the task difficulty between the criticaltrials that the agents responded correctly to, and the critical trialswhere they gave a wrong answer. Participants were not aware ofthis manipulation.
 MeasuresPre-VR QuestionnaireUsing a questionnaire that was given to the participants beforetheir exposure to the virtual world, we recorded various data ondemographic characteristics such as gender, age, intimacy with3D environments and virtual reality, and self-esteem. These aresummarized in Table 1.
 Participants’ self-esteem was measured using the Greekversion (Galanou et al., 2014) of the Rosenberg Self-Esteem Scale(Rosenberg, 1965). It includes a total of ten questions on a 1–4 consensus scale, and the score can range between 10 and 40.Higher scores are interpreted as higher self-esteem.
 Post-VR QuestionnaireAfter their virtual exposure, participants were asked to complete aquestionnaire (post-VR questionnaire) on their experience in thevirtual world. All questions, which were evaluated on a 1–7 Likertscale, are presented in Table 3. The sense of Presence (Slater,2009), the subjective sense of being in the virtual world, wasrecorded using three questions (Table 3, a) based on the Slater–Usoh–Steed (Slater et al., 1994) questionnaire. Four additionalquestions (Table 3, b) rated the realism of the agents’ behavior.Social presence was measured using four questions (Table 3, c)based on a questionnaire by Bailenson et al. (2003). With the useof 4 questions (Table 3, d), the participants stated the degree ofconfidence they felt about the answers they gave to the study,whereas two questions (Table 3, e) addressed whether they wereinfluenced by the agents’ responses.
 Trial ErrorThe responses given by the participants in each trial wererecorded. Using these responses, a Conformity Error scale anda Non-Conformity Error scale were created. The ConformityError represents the number of incorrect answers given by theparticipants in the trials that the agents gave the wrong answer.The Non-Conformity Error represents the wrong answers givenin the critical trials where the agents gave correct answers.Additionally, a Conformity Index (CI) was constructed. The CIis a scale that describes the conformity magnitude in the agents’
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 responses. This scale was calculated from the difference of theConformity Error and Non-Conformity Error (CI = ConformityError – Non-Conformity Error) and describes the level of theparticipant’s conformity.
 Response Time and Participants’ Gaze BehaviorParticipants’ response time in each trial was recorded. Responsetime was the time distance between the moment the participantswere called to respond and the moment they gave theiranswer in each trial.
 The total duration that the participants were looking at theagents (we refer to this as Look-At Duration) was recorded. Dueto the fact that the participants wore the VR headset that is notequipped with an eye tracker, a separate eye tracker could notbe used. Thus, this measurement relied on the direction of theparticipant’s head, using the head tracking feature of the VRheadset. Finally, the duration that the participants were lookingat the agents when it was their turn to respond was recorded. Atthat time, in the Eye-Contact condition the agents also looked atthe participants, which we refer to as Mutual Gaze Duration.
 RESULTS
 All results were obtained by analyzing data using the IBM SPSSSoftware v.24. The dataset generated for this study is provided inthe Supplementary Data Sheet 1.
 Pre-VR QuestionnaireIn the NEC condition, the mean value of self-esteem was33.06 while in the EC condition it was 29.05. The mean andthe standard error of self-esteem score for each condition areshown in Figure 2. The mean value for both experimentalconditions was 30.89, which is considered moderate self-esteem.
 FIGURE 2 | Means and standard errors of self-esteem in both experimentalconditions.
 An unexpected statistically significant difference was observedbetween the two conditions. A Mann–Whitney test showedthat Self-Esteem was higher among participants in the NEC(M = 33.06, SD = 4.038) than those in the EC group (M = 29.5,SD = 4.696); U = 85.0, p = 0.009. This difference is taken intoaccount in further analysis.
 Post-VR QuestionnaireIn order to reduce the number of variables from thepost-VR questionnaire (Table 3), a principal componentanalysis (PCA) was performed. A single factor emergedfrom each set of variables and the factor loadings in thescoring variables Presence, Perceived Behavioral Realism, SocialPresence, Responses Confidence, and Self-Reported Conformityare shown in Table 4. The scoring coefficients are the coefficientsof the equations describing the factor scores in terms of thelinear combination of the original variables. The factor thatemerged from the questions about presence (Table 3, a) isinterpreted as “the feeling of ‘being’ in the virtual room.” Thefactor that emerged from the questions on agents’ behavioralrealism (Table 3, b) is interpreted as “the extent to which theagents behaved like real people.” The factor that resulted fromthe social presence questions (Table 3, c) is interpreted as “thesense of being together with the agents.” The factor that emerged
 TABLE 4 | Factor loadings and corresponding scoring coefficients for the factorsresulted from principal component analysis.
 Variable Factor loadings Scoring coefficients
 a. Presence
 F1 Presence
 there 0.858 0.467
 real 0.830 0.452
 lab 0.641 0.349
 b. Behavioral Realism
 F1 Perceived Behavioral Realism
 behave 0.895 0.320
 move 0.821 0.293
 talk 0.773 0.276
 feel 0.852 0.305
 c. Presence
 F1 Social Presence
 sameRoom 0.830 0.309
 otherPerceived 0.866 0.322
 otherListen 0.893 0.333
 Alone 0.670 0.249
 d. Responses Confidence
 F1 Responses Confidence
 correctAnswers 0.724 0.389
 difficult 0.666 0.358
 doubts 0.725 0.390
 confidentAnswers 0.605 0.326
 e. Self-Reported Conformity
 F1 Self-Reported Conformity
 myOpinion 0.924 0.541
 otherOpinion 0.924 0.541
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 from the questions regarding participants’ responses confidence(Table 3, d) is interpreted as “the participants’ confidence in theirresponses.” Questions about self-reported conformity (Table 3, e)resulted in a single factor interpreted as “the statement that theywere influenced by the agent’s answers.”
 There was a statistically significant difference in SocialPresence between the two experimental conditions. Specifically,participants in the EC condition reported higher sense ofSocial Presence (0.337 ± 0.187) than those in the NECcondition (−0.374 ± 0.249). An independent sample t-testshowed that the above difference is significant; t(36) = −2.311,p = 0.027. An independent sample t-test showed a statisticallysignificant difference in Response Confidence between the twoconditions; t(36) = 2.485, p = 0.018. Participants in the ECcondition (−0.358 ± 0.238) reported lower confidence abouttheir responses to those in the NEC condition (0.398 ± 0.181).The means and standard errors of the derived variables are shownin Figure 3.
 ConformityInitially, it was examined whether the participants’ responseswere influenced by the agents’ responses in the critical trials.In order to do that, we compared the participants’ wronganswers in the trials where the agents replied correctly (Non-Conformity Error) with the participants’ wrong answers inthe trials where the agents also replied wrongly (ConformityError). A Wilcoxon signed-rank test showed a statisticallysignificant difference between Conformity Error and Non-Conformity Error in both NEC condition; Z = −2.113, p = 0.035,and EC condition; Z = −3.001, p = 0.003. This resultsuggests that participants in both conditions conformed withthe agents’ judgments, as they made wrong estimates more
 often in the trials where the agents gave a wrong answer,than in the trials where agents gave a correct answer. Themeans and standard errors of Conformity Error and Non-Conformity Error in the two experimental conditions areshown in Figure 4.
 For the purposes of the analysis, we built the CI scale(described in Section “Trial Error”) to describe the level of theparticipants’ conformity. The median of the CI was 1, while themean was 1.47. In the NEC condition, the mean was 1 whilein the EC condition the mean was 1.5. An independent samplet-test indicated that this difference was not statistically significant;p(36) = −0.225, p = 0.823. This result suggests that the agents’gaze behavior did not affect the conformity level. The mean andthe standard error of CI for the two conditions are shown inFigure 5.
 Response Time and Participants’ GazeBehaviorThe response time of the participants’ answers in each of thecritical trials was recorded, and the Mean Response Time wascalculated. The mean response time of participants in the NECgroup was 1.6 s, while in the EC Group it was 1.75 s. Nosignificant difference in response time was observed between thetwo experimental groups; t(26) = −1.285, p = 0.210.
 For the Look-At Duration, in the NEC condition the meanwas 205.32 s while in the EC condition the mean was 192.8 s.This difference between the two conditions was not statisticallysignificant (t(36) = 0.232, p = 0.818). However, this comparisonbetween the two conditions could be influenced by thebaseline difference in Self-Esteem (reported in Section “Pre-VRQuestionnaire”), as the Look-At Duration was found correlated
 FIGURE 3 | Means and standard errors of the variables resulted from factor analyses.
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 FIGURE 4 | Means and standard errors of Conformity Error andNon-Conformity Error in both experimental conditions.
 (reported in Section “Correlations”) with the participants’ Self-Esteem in the EC condition. For Mutual Gaze in the ECcondition, the mean was 8.34 s. At the corresponding periods ofthe process, in the NEC condition, the participants looked at theagents altogether for an average of 8.26 s.
 CorrelationsParticipants’ Self-Esteem did not seem to be associated withthe level of participant conformity. A Pearson product–momentcorrelation coefficient does not reveal any correlation betweenSelf-Esteem and CI in any of the two experimental conditions.This result is important as it indicates that the difference inthe baseline level of Self-Esteem that emerged between the twoexperimental conditions does not impact the results. Self-Esteemwas only correlated with Look-At and Mutual Gaze durationin EC condition.
 Finally, we looked at the correlations between the dependentvariables in both experimental conditions and some interestingresults have emerged. In both experimental groups, a correlationbetween conformity (CI) and Self-Reported conformity wasfound (NEC: r = 0.801, n = 18, p < 0.001; EC: r = 0.575,n = 20, p = 0.008), indicating that participants’ conformitywas conscious. Another interesting result was that, in the ECcondition, participants who stated that they were more confident
 FIGURE 5 | Means and standard errors of CI in both experimental conditions.
 about their responses responded more rapidly to the trials(r = −0.700, n = 15, p = 0.004). This correlation was not presentedin the NEC condition. The correlation values and significancelevels for the dependent variables in NEC and EC conditions aresummarized in Tables 5, 6, respectively.
 DISCUSSION
 The first goal of this study was to investigate whether socialconformity occurs with a group of virtual agents within an IVE.Our prediction was confirmed as participants’ judgments weresignificantly influenced by those of the agents. The participantsgave significantly more incorrect responses to the trials where theagents gave a correct response, than the trials where the agentsgave the correct response. This result has shown that within IVEs,conformity can be caused by the false judgments of a unanimousmajority, even if the majority consists of artificial agents. Inaddition, the correlation between conformity and self-reportedconformity, in both experimental conditions, indicates that theparticipants were consciously affected by the agents.
 This finding is in line with the results of a previous study(Kyrlitsias and Michael-Grigoriou, 2018) where a similar resultoccurred. However, in the present study, the level of conformityis evidently higher, as only 7.69% of participants in Kyrlitsiasand Michael-Grigoriou (2018) conformed with the agents, apercentage fairly small, in contrast to 63.16% of this study. Wespeculate that the increased level of conformity can be attributedto several differences between the two studies, which includethe increased task difficulty, the sense of anonymity, and likelythe VR equipment itself. With respect to the task difficulty,the literature has shown that the ambiguity of the task is acritical factor affecting the degree of conformity (Coleman et al.,1958). Specifically, participants tend to yield more easily to social
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 TABLE 5 | Correlations between depended variables in the NEC condition.
 1 2 3 4 5 6 7 8 9
 1. Conformity Index -
 2. Self-Esteem −0.132 -
 3. Social Presence −0.247 −0.228 -
 4. Presence −0.386 −0.241 0.433 -
 5. Self-Reported Conformity 0.801** −0.246 −0.322 −0.308 -
 6. Perceived Behavioral Realism −0.272 0.261 0.560* −0.026 −0.362 -
 7. Response Confidence −0.356 0.133 0.346 −0.076 −0.316 0.327 -
 8. Mean Response Time −0.516 −0.426 0.007 0.403 −0.111 −0.524 −0.055 -
 9. Look-At Duration 0.072 −0.092 0.344 −0.044 −0.138 0.321 0.200 −0.288 -
 10. Mutual Gaze Duration 0.020 −0.033 0.410 −0.049 −0.155 0.369 0.219 −0.283 0.918**
 **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
 TABLE 6 | Correlations between dependent variables in the EC condition.
 1 2 3 4 5 6 7 8 9
 1. Conformity Index
 2. Self-Esteem 0.306
 3. Social Presence −0.120 −0.375
 4. Presence 0.014 −0.118 0.498*
 5. Self-Reported Conformity 0.575** 0.026 −0.160 0.117
 6. Perceived Behavioral Realism 0.156 −0.357 0.660** 0.503* 0.123
 7. Responses Confidence −0.123 0.050 0.327 0.094 −0.256 0.293
 8. Mean Response Time 0.020 −0.282 −0.068 0.334 0.200 −0.182 −0.700**
 9. Look-At Duration 0.300 0.484* 0.007 0.189 0.232 −0.154 0.203 0.074
 10. Mutual Gaze Duration 0.281 0.467* 0.134 0.184 0.148 −0.075 0.277 −0.048 0.921**
 **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
 pressure in a more difficult or ambiguous task than in an easiertask. The difficulty of the task is also associated to the typeof influence. In easy and obvious tasks, social conformity isattributed to normative influence (Deutsch and Gerard, 1955), asindividuals change their judgment in order to match the group,but they keep their opinions private. On the other hand, witha difficult or unclear task, conformity can also be attributedto informational (Deutsch and Gerard, 1955) influence, asindividuals change their judgment in order to be correct. In thisstudy, we increased the difficulty of the task by projecting thestimulus for a limited duration (5 s). Another factor that mayhave affected the level of conformity is anonymity. Past studieshave shown that the conformity rate is noticeably reduced whenthe responses are private (Gavish and Gerdes, 1998; Lea et al.,2001; Tsikerdekis, 2013). In VR, users are usually representedby virtual characters different to one’s own self-representation,which may give them the perception of some kind of anonymity.In this study, the participants were deliberately asked to verballyintroduce themselves by stating their first names, their age, andtheir occupation, in order to decrease any sense of anonymity.Further studies need to investigate the impact of the user’s senseof anonymity on conformity in IVR. Finally, another factorthat may have increased conformity is the level of immersion.In this study, we used an enhanced HMD (higher displayresolution, better head tracking, etc.) than in our previous study
 (Kyrlitsias and Michael-Grigoriou, 2018). Past studies (e.g., Baileyet al., 2019) suggest that the level of immersion may affectsocial responses. Again, regarding conformity, further research isneeded to confirm this speculation.
 Our second prediction, that the inclusion of eye contactwould increase the level of conformity with the agents, was notconfirmed. This result replicates the outcome of another non-IVRresearch (Davey and Taylor, 1968), in which the authors attributeit to the fact that eye contact is only effective when combinedwith other social cues such as posture changes, gestures, andfacial expressions. On the contrary, we confirmed our hypothesisthat the eye contact manipulation can affect the sense of SocialPresence. Specifically, participants in the EC condition statedsignificantly higher social presence than the participants in theNEC condition. However, the higher sense of social presence didnot translate into a higher conformity level. Literature suggeststhat a higher sense of social presence leads to higher socialinfluence (Oh et al., 2018), but it did not occur in this studyon conformity, contrary to our prediction. An explanation ofthat is relevant to the type of conformity, which depends onthe motives that led the participants to conform. Specifically, asmentioned above, the conformity in this case was informational,as the participants adopt the agents’ opinions in order tofulfill their desire to be correct, rather than to fit in, which isthe case of normative conformity. An interpretation could be
 Frontiers in Psychology | www.frontiersin.org 9 September 2020 | Volume 11 | Article 2254
 https://www.frontiersin.org/journals/psychology
 https://www.frontiersin.org/
 https://www.frontiersin.org/journals/psychology#articles

Page 10
						

fpsyg-11-02254 September 4, 2020 Time: 16:38 # 10
 Kyrlitsias et al. VR Social Conformity
 that informational conformity with agents does not depend onthe humanization of the computer (which the case of socialpresence), but on the belief that the agents are reliable regardlessto the extent on which they are perceived as social entities. Inthis case, the type of the task (line length comparison) maycontribute, as computers are considered to be reliable in thesetypes of tasks (Weger et al., 2015). This could be studied by testingthe impact of social presence on conformity with agents in taskthat humans are considered as more reliable than computers (e.g.,moral judgment). In that case, we believe that the sense socialpresence could affect the level of conformity.
 Interestingly enough, the inclusion of eye contact as a socialcue appears to influence the participants’ overall subjectiveexperience. Participants expressed more doubts (lower responsesconfidence) about their responses when social pressure wasexerted by agents who made eye contact. This finding suggeststhat although eye contact had some influence on participants’decision-making process, it was probably not strong enough asthere was no impact on their final responses. This finding canalso be explained by the stronger sense of social presence that it isassociated with social influence (Oh et al., 2018).
 Nonetheless, no significant differences regarding theevaluation of the agents’ behavioral realism emerged between thetwo conditions. Participants in the EC condition, even thoughthey stated that the agents felt more socially present, did notrate them as more realistic than the participants in the NECcondition. It is important to note here that the manipulation ofthe agents’ gaze behavior did not affect the perceived realism ofthe agents. Should the opposite have occurred, we would not beable to properly compare the two experimental conditions.
 Some additional findings regarding the participants’ responsetimes emerged between the two experimental conditions. Eventhough participants’ response time did not appear to beinfluenced by the eye contact manipulation, in the EC conditionit was found to be associated with participants’ confidence.Specifically, participants in the EC condition who stated lowerconfidence in their responses took significantly longer to respond.This result is in line with the literature that suggests that post-decisional confidence is negatively correlated with choice latency(e.g., Zakay and Tuvia, 1998).
 An unexpected setback of the study was the difference thatarose in the reported Self-Esteem between the two experimentalconditions. Participants in the NEC reported higher Self-Esteemthan participants in the EC condition. In order to exclude thepossibility that the results were biased due to these baselinedifferences, a correlation analysis was performed between self-esteem and each dependent variable under investigation. Theanalysis showed no correlations between Self-Esteem and anyother dependent variable (e.g., conformity), except for the case ofthe two variables related to participants’ gaze behavior (Look-AtDuration and Mutual Gaze Duration). Given this, the possibilitythat the results (e.g., for conformity) could be attributed to thedifference in Self-Esteem can be rejected and safely attributed tothe different condition. Regarding the measures related to theparticipants’ gaze behavior mentioned above (Look-At Durationand Mutual Gaze Duration) that were found correlated with Self-Esteem, it was shown that, in the EC condition, participants
 with higher self-esteem tended to turn their gaze more frequentlytoward the agents and performed more mutual gaze withthe agents than did participants with lower self-esteem. Thisassociation is supported in the literature (Fugita et al., 1977;Vandromme et al., 2011).
 The impact of participants’ Self-Esteem on their gaze behavior,observed in EC condition, consists of an interesting resultthat needs further investigation. Participants’ gaze behavior wasnot the focus of this study, and the data collected was notvery accurate compared with data provided by an eye trackingHMDs available (e.g.,1). Hence, a more in-depth analysis of theparticipants’ gaze behavior was not possible. However, this studyshows that the use of IVR and virtual agents can be ideal for thiskind of experiments, thanks to its ability to provide a high level ofexperimental control between multiple experimental sessions.
 This study confirms previous findings on the importance ofdesigning artificial agents with realistic behavior toward the usersin order to enhance one’s experience in IVEs. More interestingly,the findings suggest that the agents’ behavior may influence lowerlevels of conformity, by affecting the user’s decision-making.Further, the agents’ non-verbal behavior, such as eye contactas employed here, can have an impact on the sense of socialpresence, which has been shown to affect in turn the overallexperience of the user.
 This study showed that the creators or the moderators of IVRapplications can use agents in order to influence and direct theusers’ decision-making, through conformity. Social conformityis not limited to simple perceptual tasks, as in this experiment,but extends to other forms of behaviors and attitudes. The use ofagents for indirect influence for the user could be used in variousways, such as directing the users of an IVR game in order enhancetheir game experience, or to influence them in a transaction, forexample, in an immersive e-shop.
 The findings of this study are very promising and highlight theneed for further investigation in order to understand the factorsthat affect conformity with agents in IVEs. A factor that shouldbe explored in a future study is whether agency (the extent towhich the user believes that a virtual human is controlled bya real human rather than the computer) affects conformity. Inthis study, we showed that agents can elicit conformity; however,we do not know if the conformity will be greater with the useof avatars. Unfortunately, in this study we did not collect suchdata and we cannot know if the participants perceived the agentsbeing controlled by a computer or by other real humans. Anotherimportant factor is the type of the task. In this study, we useda simple objective-perceptual task. The impact of the agents’opinion on more social-objective tasks is also an interestingavenue to be explored in a future study.
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