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Abstract 

Previous work on human memory has shown that prompting subjects with false events and self-

relevant information via narratives, mental imagery, and edited two dimensional images creates 

false memories.  Using immersive virtual environment technology (IVET) this study examines 

how memory is affected by witnessing a dynamic simulation of an avatar bearing physical 

resemblance to oneself performing a novel action never performed by the physical self.  Fifty-

five pre-school and elementary children were randomly assigned to one of four memory prompt 

conditions (idle, mental imagery, IVET simulation of another child, or IVET simulation of self).  

Results showed that pre-school children were near ceiling and developed false memories 

regardless of condition.  For elementary children the mental imagery and IVET self conditions 

caused significantly more false memories to emerge than the two control conditions.  

Implications are discussed regarding the use of digital media in the courtroom, clinical therapy 

settings, entertainment, and other applications.   
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Virtually True: Children’s Acquisition of False Memories in Virtual Reality  

 
Scholars have begun to describe immersive virtual environment technology (IVET) as an 

effective research tool to study psychological processes (Blascovich et al., 2002).  The unique 

capabilities of IVET allow researchers to reach beyond the boundaries of traditional research.  

The current study examines the possibility of using virtual experience as a tool to explore 

children’s acquisition of false memory.  

Reality Monitoring 

 Johnson and colleagues developed the theory of reality monitoring (Johnson, 1977; 

Johnson and Raye, 1981) which posits that individuals remember information from two basic 

sources: 1) external sources obtained through perceptual processes and 2) internal sources such 

as imagination or thought.  Reality monitoring is thus the process people use to decide whether 

memories initially had an external or internal source.  Theoretically, as the richness of detail in 

the stimuli increases from words to mental images so does the possibility for confusion in the 

reality monitoring process.   

 The general paradigm of studying reality monitoring is to ask participants to distinguish 

between memories of real events and memories of false events induced in the laboratory by 

various forms of stimuli.  These stimuli can be grouped into categories of increasing richness of 

detail; and as the reality monitoring theories suggest confusion between real and false memories 

increases as the richness of deatil increases.   

Narratives 

 Narratives are one of the most common stimuli used to study false memory formation in 

the laboratory (Hyman et al., 1995; Hyman & Pentland, 1996; Hyman & Billings, 1998; Loftus 

& Pickrell, 1995; Pezdek et al., 1997; Pezdek & Hodge, 1999; Porter et al., 1999).  Narratives in 
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these studies consisted of a few sentences describing what supposedly happened to the subject 

from a third person perspective.  Results from these studies show that a stimulus as simple as a 

narrative can be successful.  In a review written by Wade and colleagues, anywhere from 0% 

(Pezdek et al., 1997) to 56% (Porter et al., 1999) of subjects recalled false memories with a 

weighted mean of about 30% across all studies from the review (Wade et al., 2002).     

Mental Imagery 

  Past work shows that engaging in mental imagery can also be a powerful force in the 

creation of false memories (Garry & Polasche, 2000; Hyman, 1995; Hyman and Pentland, 1996; 

Mazzoni & Memon, 2003).  Subjects in these studies were asked to imagine themselves 

participating in a false event.  Compared to the control conditions (such as just sitting during the 

mental imagery prompt), subjects in the mental imagery conditions were more confident that the 

false events actually occurred.   

Photographs 

  In 2002, Wade and colleagues predicted that manipulated photographs could be, above 

narratives and mental imagery, one of the most powerful stimuli for inducing false childhood 

memories in adults (Wade et al., 2002).  In their study adult subjects were presented with 

manipulated childhood photographs falsely depicting the sujbect riding in a hotairballoon as a 

child.  When confronted with the manipulated photographs, 50% of the subjects developed a 

false memory about the hotairballoon ride.   

More recent work has compared the impact of different types of stimuli on false memory 

formation.  Garry and Wade (2005) created a study where half of the adult subjects saw a false 

childhood photo of themselves in a hotairballoon ride and half of the subjects read a false 

narrative about riding in a hotairballoon as a child.  By interview three, 80% of the subjects who 
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read a false narrative reported memories of the event compared to 50% of those subjects who 

saw a false photo. 

Together these results suggest that edited photographs are powerful enough stimuli to 

elicit false memories, but that they may not be more powerful than narratives.  Garry and Gerrie 

(2005) in a review of recent literature on false memories and photographs hypothesize that while 

narratives allowed subjects to generate their own details about their balloons, the detail in the 

false photograph constrained the subject to actively generate details about the experimenter’s 

balloon.   

Memory stimuli presented in IVET provide yet another level of detail and perceptual 

richness which could foster or constrain the formation of false memories.  The high degree of 

perceptual information presented in IVET makes the experience seem very realistic, but as Garry 

and Gerrie suggest it may also contrain its users to experience the exact world presented with 

little room for personal elaboration.   

The Technology: Immersive Virtual Reality 

IVET provides the psychophysical experience of being surrounded by a computer-

generated environment.  The experience is created with hardware, software and interactive 

devices.  Immersion is produced by a stereo three-dimensional visual display that continually 

tracks the user’s position, and a first-person point of view is rendered in a field of view wider 

than a desktop display.  Additionally, three-dimensional modeling technology now makes it 

possible for individuals to accurately model three dimensional versions of participants’ heads 

using front and profile photographs, as depicted in Figure 1 (Bailenson and Gudagno, in press).   

The technological capabilities of IVET come together to form a memory stimulus that 

could be more powerful than narratives, two-dimensional photographs or even mental imagery.  
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Additionally, this presentation of three-dimensional, dynamic and personalized memory stimuli 

requires little mental energy from the participant.  Such technology puts a great amount of 

control in the hands of the researcher.  With IVET, experiments could be easily repeated to p iece 

together exactly what characteristcs of memory stimuli (personalization, immersion, three-

dimensional images, etc.) are most powerful in inducing false memories.    

Current Study 

 The current study explored how powerful IVET is in comparison to other forms of 

stimuli in inducing false memories in children.  The study compred the effects of four different 

memory stimuli: idle (control condition), mental imagery, IVET simulation of other, and IVET 

simulation of self.  We explored two competing research hypotheses.  H1: Following reality 

monitoring theory, the mental imagery and IVET simulation of self conditions should create 

reality monitoring confusions among children and induce more false memories than the idle and 

IVET simulation of other conditions.  H2: However we also hypothesized that the IVET 

simulations might constrict the children to such specific details and that mental imagery should 

induce more false memories than all other conditions. 

Method 

Participants 

 Fifty- five children (ages 4-7) participated in this study.  The mean age of the children was 

5.73 years with a standard deviation of 0.85.  There were 26 female participants and 29 male 

participants.  Each child visited the lab twice, once for the main experiment session (1 hour) and 

once again for the follow-up interview (15 minutes).  Participants were paid $20 in total for their 

time. 

Design 
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Each child was presented with two false events narratives, half of the subjects receiving 

the whale narrative first and half of the subjects receiving the mouse narrative first.  The whale 

narrative depicted the child (N-2 years) swimming with two orca whales.  The mouse narrative 

depicted the child (N-2 years) shrinking to dance with a stuffed mouse and then returning to his 

or her original size.  The narratives were presented in second person perspective.  Each 

parent/guardian confirmed that his/her child had never experienced either of these events and 

was asked to describe possible experimental confounds (e.g., trips to Sea World where the child 

swam with big fish).  Following the experiment, a random sample of eight parents/guardians 

were polled via email to rate the plausibility of each event.  On a scale of 1 to 10, the whale 

event received a mean score of 5.6 (SD = 3.2), while the mouse event received a mean score of 

6.1 (SD = 3.5).  This difference in plausibility scores was not significant (F[1,7]=.434, p=.531, 

partial η2 =.058), therefore memory scores for the two events at each time point (baseline, 

interview 1 and interview 2) were averaged for all subjects.   

 Memory prompt served as the between-subject independent variable with four levels.  

Each subject was first presented with the false event narrative and questioned about recall in the 

baseline interview; 1) subjects in the idle condition subjects were then asked to sit and wait for 

one minute, 2) subjects in the mental imagery condition were then asked to imagine themselves 

participating in the event for one minute, 3) subjects in the IVET other condition were then asked 

to watch a virtual reality simulation of another child from the study participating in the false 

event, 4) and subjects in IVET self condition were then asked to watch a virtual reality simulation 

of themselves participating in the false event.  Following all memory prompt conditions the 

researcher questioned the child’s recall in interview 1.  Each subject was interviewed about both 
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events.  All subjects returned approximately 5 days later (M = 5.31, SD = 2.04) for the second 

interview. 

Materials and IVET Hardware 

The researcher took each child’s digitial photograph at the beginning of the first session 

regardless of experimental condition.  If the child had been randomly assigned to the virtual 

reality self condition, then a research assistant uploaded the photograph to a computer in order to 

make a three dimensional representation of the child’s head using 3DMeNow software (Figure 1).  

The three dimensional model of the child’s head was created in another room while the parent 

and child were shown an IVET demonstration. 

 

Figure 1. Three dimensional model of child’s head (center) constructed from two photographs  (front and profile).   

The three dimensional model of the child’s head was then loaded into the two virtual 

worlds and attached to a generic child’s body (male or female) using Vizard 2.5 software.  Figure 

2 demonstrates the two animation sequences of swimming with whales and dancing with a 

mouse. 
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Figure 2.  Animat ion sequences for whale and mouse events.  The first scene in each animation sequence shows the 

virtual child waving which allows the participant a few seconds to view the virtual face with min imal outside 

distraction.  The next scene in each sequence jumps to the animat ion of the event and proceeds as shown. 

 

Each child participant in the IVET other or IVET self condition wore a Virtual Reality 

V8 stereoscopic head-mounted display (HMD; see Figure 3).  We set the viewpoint in this 

experiment so that each child would be forced to watch the false event in its complete duration 

(i.e., the event was always in the child’s field of view regardless of head movements).   
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Procedure 

After the parent and child were shown a 

demonstration of IVET, the parent left the room and the 

actual experiment began.  The research assistant delivered 

the false event narrative to the child.  The whale narrative 

read:  “[Child’s name], when I was talking with your 

mommy/daddy earlier, he/she told me that when you were 

N-2 years old you swam with two big fish named Fudgy 

and Buddy.  Fudgy and Buddy were black and white and 

very nice fish.  They liked swimming with you in the blue 

water.  You liked swimming with them too.  The water 

was blue with some small waves.  There were green 

plants at the bottom of the water.  After you swam                   Figure 3.  Child in HMD 

with Fudgy and Buddy for a while you dried off and went back home again to play.  That is what 

your mommy/daddy remembers.  Do you remember swimming with Fudgy and Buddy?” 

 The mouse event followed the same format, but described the child shrinking to dance 

with a favorite stuffed animal mouse named Cheesy.  Both narratives were equal in length.  

The verbal narrative was given only once for each event.  Every child was asked if he/she 

remembered the event in three separate interviews: once before the memory prompt 

manipulation (baseline interview), once immediately after the manipulation (interview 1) and 

once approximately 5 days later (interview 2).   

The manipulation was introduced to each child in the following manner depending on 

condition: “Maybe if you 1) sit for one minute; 2) imagine doing the event for one minute; 3) use 
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the special glasses (HMD) to watch a special movie of another child doing the event; or 4) use 

the special glasses to watch a special movie of yourself doing the event it will help you to 

remember (or “remember more about” if the child claimed to remember already) the event.” 

After each child was questioned in interview 1 the experimenter then repeated the process 

(starting with the presentation of the narrative) for the second event.  The parent and child were 

instructed not to talk about the study until their second session was complete. 

A few days later in interview 2 the experimenter again asked each child if he/she 

remembered doing the event.  The child was not presented with the narrative or memory prompt 

manipulation again.  After interview 2 for both events the parent and child were fully debriefed 

and allowed to ask questions.  If the child developed a false memory during the period of the 

study, the researcher assured him/her that he/she never performed the event. 

Measures 

 Each child’s memories were coded according to four categories: 1) no memory, 2) no 

memory but trying to recall, 3) memory, but no detail, 4) memory with full detail.  Children in 

the first category immediately stated that they had never completed the event.  Children in the 

second category seemed to be still searching for the memory in their minds.  They stated reasons 

for why the event may or may not have occurred but never completely accepted the memory.  

Children in the third category simply stated that they remembered the event but were not able to 

provide further detail.  Children in the fourth category recalled the event almost immediately 

when questioned and went on to provide further detail about the event such as other people who 

were present, the color of other fish, and so forth.   The recall was coded by the experimenter as 

the response was given and then outside research assistants blind to experimental condition 
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coded a random sample of the recorded video clips to check for inter-coder reliability 

(Cronbach’s alpha = .87). 

A univariate analysis of variance was conducted to confirm random assigment.  No 

significant differences in baseline interview memory scores were found according to memory 

prompt condition (F[1,3]=.514, p=.675, partial η2 =.029).  Moreover, we did not find any 

differences in memory score between interview 1 and interview 2.  Consequently we averaged 

across those scores in all subsequent analyses.  

Results 

 Since pre-schoolers are more susceptible to forming false memories than elementary 

children (Bruck & Ceci, 1999), we segregated our data by the two age groups and analyzed both 

separately.  For elementary school children memory prompt condition was found to have a 

significant effect on the formation of false memories (F[3, 24] = 4.10, p = .02, partial η2  = .34) 

(Msit  = 1.11, SDsit = .18; Mmental imagery = 2.43, SDmental imagery = 1.29; MIVET  other = 1.30 SDIVET other  

= .54; MIVET self = 2.11, SDIVET self = .98)  

But memory prompt condition did not have a significant effect on the formation of false 

memories for pre-school children (F[3, 27] = .10, p = .96, partial η2 = .01) (Msit  = 1.90, SDsit = 

1.34; Mmental imagery = 2.06, SDmental imagery = 1.35; MIVET  other = 2.07 SDIVET other  = .84; MIVET self = 

1.79, SDIVET self = .99).  Pre-school children were near ceiling in all conditions while elementary 

children varied more significantly by condition.  For elementary children, the mental imagery 

and virtual reality self conditions elicited more false memories than the control conditions.  

 Thus, confirming hypothesis 1, IVET self and mental imagery conditions were more 

powerful than the idle and IVET other conditions in inducing false memory formation in 

elementary children.  Unlike the hypothesis developed by Gary and Geerie in 2005, the greater 
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amount of perceptual information delivered by the IVET self condition did not constrain the 

possibility for false memory formation.  Post hoc LSD tests with an alpha of .05 show that both 

the mental imagery and IVET self conditions were significantly different from the control (idle) 

condition.  No other pairwise differences were significant.  

Discussion 

The current study demonstrated that memory prompt condition was a significant 

predictor of false memory creation in the elementary children, but not significant among the pre-

school children.  From previous literature we know that pre-school children in comparison to 

elementary children are more suggestible; in the current study they were close to a ceiling effect 

which prevented any difference in manipulation to appear.  The results regarding elementary 

children are powerful because children who may not have acquired a false memory in the idle 

condition were more likely to acquire a false memory in the mental imagery and IVET self 

conditions.  Furthermore, while mental imagery must be actively initiated by the participant, 

IVET simulations can be completely controlled by a third party.  In other words, using IVET a 

passive observer can develop false memories just as effectively as an active participant.   

As Johnson and Raye in their reality monitoring theory proposed and this study endorses, 

the probability of reality monitoring confusion increases with detail richness.  Technology 

continues to advance and detail richness increases accordingly.  IVET is already capable of 

tickling multiple human senses from scent to touch, and as the level of detail increases so does 

the possibility for greater reality monitoring confusion.  The reality monitoring theory of Johnson 

and Raye may rise again as an important theory for discussion with the advance of detail in 

technological stimuli. 
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Conclusion 

 These study results have strong implications on the emergence of digital technology in 

the professional world – such as courtrooms and clinical settings.  In the future, patients, 

defendants, and plaintiffs alike may be presented with virtual reality simulations of themselves 

participating in a robbery, a sexual abuse case, or a psychologically stressful situation.  How will 

these immersive, detail- rich, personalized forms of technology change our realities and our 

memories?  This research suggests that externally developed memory prompts that are 

immersive, detail- rich and personalized can be just as powerful as actively and internally 

developed memory prompts such as mental images.  Virtual reality worlds could be developed 

and presented outside of each individual’s control, no mental energy required.  Technologists 

have in their hands a powerful tool for creating memories; soon they may tell us just exactly 

what to remember. 
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