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Abstract

Prior research has suggested that configural rdsecdbetween a current scene and a
remembered one may trigger déja vu experiencesphdsent study examined whether there is a
relationship between the frequency of actual déjaxperiences, measured by questionnaires, and
sensitivity to a configural resemblance between pad present events, measured by questionnaires,
and between two scenes presented simultaneouttig iaboratory. We measured familiarity ratings
and remember—know judgments of several scenes. Soemes had been previously presented,
some were similar to previously presented scemasthee others were dissimilar. Déja vu
tendencies were significantly correlated with seévigy to similarity in the measured questionnaires
and in the laboratory, as well as to a feelingamhifiarity for similar scenes; this said, partiaips
realized that new scenes, which were similar totwhd been presented previously, had not been

presented previously. Our results are discussen fin@ viewpoint of individual differences.
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Title: The similarity hypothesis of déja vu: On tleationship between frequency of real-life déja

vu experiences and sensitivity to configural reseamte

Déja vu is the strange feeling that one has alrea@grienced a current situation, even

though one rationally knows that this is not theecge.g., Wallisch, 2007; Brown & Marsh, 2008,

2010). It is difficult to empirically investigatesgh vu experience because it has multiple possible

causes and because it involves complex emotiorsnBr2003, 2004; Brown & March, 2010).

Cleary, Ryals, and Nomi (2009) studied the déjatate for novel scenes, including what triggers it

and what feelings it produces. In the present stwdyextended these findings by examining

individual differences in the frequency with whigbople report déja vu experiences for new scenes

in their daily lives.

The similarity hypothesis

Cleary (2004) found that when participants saw wdedg., obstetrician, bushel) that were

similar to others previously presented (e.g., afesion, bashful), they could recognize this

similarity without being able to specify the wortisit were originally seen (recognition without

recall: Cleary & Specker, 2007). Cleary, Ryals, &laini (2009) suggested that this recognition

without recall may be related to déja vu and agiaticipants in this state whether they had a

feeling of déja vu. Cleary et al. (2009) presergederal scenes, one by one, to participants in the

study phase. During the test phase, none of tliestiscenes was presented. Instead, half of the

test scenes had a configural resemblance to thedtacenes, whereas half did not. During the test
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phase, participants were given a definition of Hgein a déja vu state” and were asked to indicate

with a yes—no response whether they were havinlg an@xperience. The rate of “yes” responses

was higher for configurally related scenes tharufoelated scenes, suggesting that participants

experienced déja’ vu when they saw a scene coaflgwimilar to one that they have seen before.

This findingsupportghesimilarity hypothesis for déja vu.

Cleary, Brown, Sawyer, Nomi, Ajoku, and Ryals (2D luded actually studied scenes

(old) in the test phase, as well as new scenesangtimfigural resemblance to the studied scenes

(similar but new) and new scenes with no resemielamstudied scenes (completely new). They

collected three responses for each test scenanildrity rating, 2) old/new (studied/not studied)

recognition judgment, and 3) déja vu. Participaately falsely identified new scenes as old but

were more likely to experience both familiarity at&ja vu for scenes that were similar but new

than completely new scenes. However, these resulisl have been influenced by an experimenter

effect. That is, participants might assume thaietkgerimenter believes that inexplicable increases

in familiarity that occur based on a resemblancerieecalled studied scenes constitute déja vu

experiences. As a result, they might equate déjaitrufamiliarity brought on by resemblance.

Therefore, to confirm the validity of the similaritypothesis from a different angle, we

investigated the relationship between individu#fedences in the frequency of real-life déja vu

experiences and sensitivity to configural similarithat is, we did not directly ask participants

whether they were in a déja vu state with regambrticular scenes during the test phase. Some

research has suggested the existence of indivitiffi@tences in the frequency of déja vu
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experiences (e.g., Brown, 2003), and we might elgect individual differences in sensitivity to

configural similarity.Being sensitive to configural similarity to a pasent is an important

cognitive function in a wide range of situationsh& we encounter a new problem or situation, we

are unconsciously and automatically reminded oflamproblems or situations experienced earlier

in determining how to solve the problem or how ¢étvéve in the situation (Novick 1988). Similar

to various kinds of cognitive functions (working mery capacity: Conway, Cowan, & Bunting,

2001, attention directing function: Mogg & Bradlé@98), studies in the field of analogy have

revealed individual differences in how often peapalize the similarity between a newly

encountered image and images encountered befokec\ld989).If the similarity hypothesis is

valid, there should be a strong relationship betwagga vu tendencies and this sensitivity.

Furthermore, we conducted not only familiarity mgtibut also remember—know judgment

(Tulving, 1985) to see whether participants realyld identify “similar but new scenes” as new.

That is, a familiarity rating was requested forcarse’s familiarity level irrespective of whetheeth

participant thought the scene was actually newadrlieen studied, whereas in the remember—know

judgment, “know” meant not remembering any spedciélated episode but feeling that the scene

had been studied. If the similar but new sceneseaity regarded as new and only found familiar,

participants should not respond “know” but shouddpond “familiar” for the similar but new

scenes.

Experiment



The experimental procedure was similar to thatipegiment 2 of Cleary et al. (2012). An

encoding session was followed by the familiarityng and remember—know judgment (Tulving,

1985), and tasks in the latter two were presemtedndomized order. We then instructed the

participants to evaluate the similarity of sevesetis of two scenes, which allowed us to objectively

rate the sensitivity of each participant to confawsimilarity. Finally, the participants were

instructed to fill out subjective assessments eirtiéja vu tendency, tendency toward feelings of

nostalgia, tendency toward feeling regret, andiseitg to configural similarity.

Method

Participants. Forty-four Japanese undergraduatéisipated (20 males, 24 females, mean

age = 21.8 years, range = 19-26 years), in exchan@g®0 yen (approximately 5 US dollars).

Materials. We used 120 sets of black and whiteeseoriginally used as stimuli in the study

by Cleary et al. (2009). Each set consisted ofdamfigurally similar scenes. Of the sets, 30 were

used for evaluations of similarity, 45 were usedféaniliarity ratings, and the remaining 45 were

used for remember—know judgments. Of the 45 pistused for the familiarity rating and the 45

used for the remember—know judgment, 30 picturBsr(kach category) had been present during

the encoding session (old), 30 were matched tonagroally similar picture in the encoding

session (new-similar), and 30 had not been predente had a similar picture been presented in

the encoding session (new-dissimilar). Therefaepbth the familiarity rating and the

remember—know judgment, there were three conditiolds in which the test scenes had been
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studied; new-similar, where the test scenes wevelrut similar to previously presented scenes;

and new-dissimilar, where the test scenes wereameldid not resemble any studied scenes. The

allotment of sets of scenes to each condition wasterbalanced.

We used a questionnaire consisting of five itemaskess individual differences in how

frequently each participant was in a déja vu statey frequently each participant experienced

feelings of nostalgia, and how frequently eachipigdnt regretted past events (Kusumi, 2006). The

participants rated the frequency of each experieisogy a seven-point scale (7: every day; 6: at

least twice a week; 5: once a week; 4: once a m@ntihree or four times a year; 2: once or twice a

year; 1: did not have the experience in the paat)y®Vith regard to déja vu, two items asking about

faces and places were chosen from the InventoDé@-vu Experiences Assessment (IDEA; Sno

& Linszen, 1990 [not in references; see note 2jye€ questionnaires were chosen from Holbrook

(1993); one was used to measure the frequencygoétreand two were used to measure the

frequency of nostalgia. Furthermore, we added tews items to measure subjective sensitivity to

configural similarity using a five-point scale (@efinitely applies to me; 4: possibly applies to;me

3: unsure; 2: possibly does not apply to me; lindefy does not apply to me).

The items assessing the frequency of experiences agefollows:

1. You go to a new place and feel as if you hawnlibere before (déja vu).

2. You meet someone for the first time and feef gsu have met that person before (déja vu).

3. You recollect past experiences and feel nostéfgeling of nostalgia).

4. You wish you could return to the past and makesh start in life (feeling of regret).
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5. Music and/or photographs from the past evoké¢atgis feelings in you (feeling of nostalgia).

6. When you read a story or watch a TV show or &ienfor the first time, you recollect a similar

story you have previously read or watched (sentsitte similarity).

7. When you listen to a piece of music for thetfirsie, you recollect similar music you have

listened to previously (sensitivity to similarity).

Procedure. The 60 encoding session scenes weremaet! and presented one by one, and

was conducted first. For each trial, a fixation p@ms presented for 0.5 s, followed by a scene for

5 sec, during which time participants were askedte how frequently they had encountered

similar scenes either in their daily lives or invies, books, pictures, paintings, or cartoons on a

five-point scale (frequency ratings 5: every tidheoften, 3: sometimes, 2: seldom, 1: never). The

purpose of this question was to keep the attemtidhe participants on each scene. After 60 scenes

were presented, the remember—know judgments antdeiy ratings were collected, with order

counterbalanced between participants. Thirty oftlbscenes were used for familiarity ratings and

the other 30 scenes were used for familiarity ggtifFor both the remember—know judgments and

familiarity ratings, 1/3 of the scenes were ol@ Wwere new-similar, and 1/3 were new-dissimilar.

For the remember—know judgment, participants weke@to press “R” when they remembered a

specific episode from the presentation of a scerg, (what they thought or had felt when the scene

was presented). When participants felt that theghtriiave seen the scene in the encoding session,

despite not remembering any specific related epistiety were asked to press “K” for a “know”

response. When participants judged that the scat@dt been presented in the encoding session,
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they were asked to press “N.” For the familiar@yimg, participants were told that it did not matte
whether they had seen the scene in the encodisgees had encountered similar scenes before.
Instead, they were asked to just rate the degréamoharity they felt for each scene.

The similarity evaluation was then conducted om8@ sets of scenes. Each pair of scenes
was presented side by side on the PC for 5 seimgdwhich time participants were asked to rate
the degree to which they found the two scenes gordlly similar using a five-point Likert scale
(5: nearly identical, 4: highly similar, 3: modezt similar, 2: slightly similar, 1: not so simijar
Finally, participants were asked to complete qoesidires. In total, it took each participant

approximately 1 hour to complete the entire session

Results

Table 1 shows the Pearson’s correlation coeffisiamiong scores for subjective sensitivity
to similarity (mean = 2.56, SE = 0.17, range = 5.0} frequency of déja vu experiences (mean =
5.68, SE = 0.17, range = 3.0-7.0), configural sinty (mean = 2.88, SE = 0.06, range =
2.04-4.04), familiarity according to scene typej aamember-know judgment according to scene

type.



Table 1 Inter co-relationship for scores on déja vu tendency, feeling of nostalgia, feeling of regret, similarity sensitivities measured by questionnaires and

evaluation, familiarity ratings, and remember-know judgment (N=44)

Remember - know Judgment

Questionnaires Evaluation Familiarity ratings old New - similar New - dissimilar
1.Dejavu | 2.Similarity = 3.Similartity 4. Old 5-New-1 6.New- /7 upu' gugn | gN' | 10°R" 11.°K" | 12.°N" | 13.°R" 14.°K" 15."N"
similar | dissimilar
1 - 57 38" -03 .66 .25 -02 .03 .00 08 -04 -01 -03 | -04 .04
2 - - 417 -04 56 -22 | -07 -.07 16 27 -04 -12 -08 | -05 .06
3 - - - 26 47" -00  -20 -.02 27 09 -01 -05 15  -.06 .03
4 - - - - 15 21 .05 .01 -.07 -.02 00 .01 00 = -.08 .08
5 - - - - - -00 -08 .10 .02 11 13 -.05 -05 | -.02 .03
6 - - - - - - 22 -04 -.26 -.04 17 -12 02 08  -.08
7 - - - - - - - -66" -76" -11 -07 12 -16 | -7 19
8 - - - - - - - - .01 -17 18  -.06 -14 14 -11
9 - - - - - - - - - 29 -07 -11 33" 11 -16
10 - - - - - - - - - - -09 -517 25 20 -23
11 - - - - - - - - - - - -8™"  -06 27 -25
12 - - - - - - - - - - - - -09 | -3" 35"
13 - - - - - - - - - - - - - 19  -337
14 - - - - - - - - - - - - - - -9

Note. Old = Scenes presented in the prior session, new-similar = scenes not presented in the prior session but similar to the one of scenes presented in the prior
session, and new-dissimilar = scenes not presented in the prior session and dissimilar to any of the scenes presented in the prior session. (**p < 0.01, *p < 0.05)

10
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Validity of configural similarity evaluations
First, we investigated the validity of the configsimilarity evaluations. Although all pairs
were similar to each other (Cleary et al. 2009, réitings of configural similarity evaluations were

distributed (Figure 1).
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Figurel. Distribution of the ratings of configural similarity evaluations

Furthermore, when the ratings were divided inte¢hgroups of high similarity, middle
similarity, and low similarity ratings (Figure 2gsults of a one-factor (configural similarity: hig
similarity, middle similarity, and low similarityanalysis of variance (ANOVA) showed a main
effect of configural similarity=(2, 43) = 27.74, MSE = 0.76,< .01. The averages of the configural
similarity ratings for participants in the high sianity group were higher than those in the middle
similarity group and higher in the middle similgrgroup than those in the low similarity group (all
ps < .05). Thus, these pairs were distributed adegrid configural similarity, and the configural

similarity ratings were consistent among particigan
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Figure 2. Rates of configural similarity for three groups (high similarity, middle similarity, and low similarity)
Error bar = SE, *p <0.05

Déja vu and sensitivity to configuration similarity.

There was a significant positive relationshiphetn frequency of déja vu experiences and

subjective sensitivity to similarity & 0.57) as well as between frequency of déja yaes&nces

and configural similarity ratings & 0.38). There was also a significant positivatienship

between subjective sensitivity to similarity andahfigural similarity ratingsr(= 0.41). These results

showed that subjective sensitivity to similaritydasonfigural similarity ratings are significantly

related, and that people who are more likely tcegigmce déja vu states in daily life are also more

likely to be sensitive to similarity.

Déja vu and familiarity rating.

Figure 3 shows the familiarity ratings for scenesspnted in the encoding session (old:

Mean = 3.00, SE = 0.07), for scenes similar toghmesented in the encoding session (new-similar:

Mean = 2.41, SE = 0.11), and for scenes dissirfiibein those presented in the encoding session
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(new-dissimilar: Mean = 2.13, SE = 0.08). A onetda¢type of scene: old, new-similar, and

new-dissimilar) ANOVA was conducted on the familaratings. There was a significant main

effect,F(3, 43) = 28.65, MSE = 0.36,< .01. The familiarity rating for old scenes wagher than

that for new-similar scenes, and the familiaritimg for new-similar scenes was higher than that

for new-dissimilar scenes (aé < .05).
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1.00 -

0.00

Old New-similar New-dissimilar

Types of scenes

Figure 3. Familiarity ratings for scenes presented in the encoding session

Note. Old = Scenes presented in the prior session, new-similar = scenes not presented in the prior session
but similar to one of the scenes presented in the prior session, and new-dissimilar = scenes not presented in
the prior session and dissimilar to any of the scenes presented in the prior session. Error bar = SE, *p < 0.05

There were no significant relationships betweequency of déja vu experiences and

familiarity ratings for old scenes € -0.03) or between frequency of déja vu expegsrand

familiarity ratings for new-dissimilar scenas=-0.25). However, there was a significant positiv

relationship between frequency of déja vu expessrand familiarity ratings for new-similar

scenesr(= 0.66); that is, only familiarity ratings for nesimilar scenes were significantly related to

frequency of déja vu experiences. Furthermore,lfarity ratings for new-similar scenes were

significantly correlated with subjective sensitwib similarity § = 0.56) and with configural
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similarity ratings (r = 0.47).

Frequency rating and familiarity rating

To determine the relationship between how oftetigpants felt they had encountered a

similar scene before to an encountered scene amdrtuch they felt familiar with a scene that was

configuraly similar to a scene presented beforecaleulatedhe correlation between frequency

rating (“how frequently they had encountered simsieenes either in their daily lives or in movies,

books, pictures, etc”) measured during the encos@sgion, and familiarity ratings for old scenes

(n =15 scenes x 44 = 660 scenes) and new-sincgres ( n = 15 scenes x 44 = 660 scenes). A

significant relationship was observed between tbguency rating and the familiarity ratings for

the old scenes (r = 0.27). A significant relatidpskias also observed between the frequency rating

and the familiarity ratings for the new-similar ses (r = 0.13).

Déja vu and remember-know judgments.

Figure 4 shows the “remember (R),” “know (K),” atreew (N)” responses for old,

new-similar, and new-dissimilar scenes. A two-fa¢tgpe of scene: old, new-similar, and

new-dissimilar) x (response: “R,” “K,” and “N”) AN@A was conducted on the response rates.

There was a significant interaction between scgpe and responsg(4, 172) = 376.94, MSE =

0.02,p < .01 and the “R” rate was significantly higher tbis than any response for old scenes,

whereas the “N” rate was significantly higher tltlaat of any other response for both new types of

scenes{ < .05). The “R” rate was higher both for old scetiean for new-similar scenes, and for

new-similar scenes than for new-dissimilar scepes.05). The “N” rate was significantly higher
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both for new-dissimilar scenes than for new-sinslaenes, and for new-similar scenes than for old

scenes{ < .05). There was no simple main effect of scgpe bn the “know” response rate.
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Figure 4. Rates of “Remember,” “Know,” and “New” responses according to the type of scenes
Note. Old = Scenes presented in the prior session, new-similar = scenes not presented in the prior
session but similar to one of the scenes presented in the prior session, and new-dissimilar = scenes
not presented in the prior session and dissimilar to any of the scenes presented in the prior session.
Error bar = SE, *p < 0.05

Discussion

The present study examined the relationship betdreguency of real-life déja vu
experiences, measured by questionnaires, andisgpnsd a configural resemblance, measured by
guestionnaires and in the laboratory. Cleary €28l09) and Cleary et al. (2012) found that
participants were more likely to have déja-vu-lékeeriences for novel scenes when the scenes
were similar to others presented in a previous @ngosession. Subjective sensitivity to similarity,

measured by questionnaire, and objective sengitiwisimilarity, measured in the laboratory, were
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significantly correlated, and both showed significeelationships to frequency of déja vu

experiences and familiarity ratings for new-simgaenes. In this study, we found for the first time

that people who more frequently experience déjatates were also more likely to regard

themselves as sensitive to similarity and mordylike notice the similarity between two scenes in

the laboratory.

Although the relationship between subjective sentitto similarity, measured by

guestionnaire, and objective sensitivity to siniifaimeasured in the laboratory, was significalm, t

significance was not high (r = .41). The reasonhmige that the questionnaires asked how often

participants automatically retrieved past everas they thought were similar to new experiences

(“When you read a story or watch a TV show or a mmder the first time, you recollect a similar

story you have previously read or watched,” “When Jisten to a piece of music for the first time,

you recollect similar music that you have listet@greviously”,) while evaluating similarity by

simply asking how much two scenes, simultaneousdggnted, were similar to each other. From

the result that the relationship of frequency gadéi experiences to subjective sensitivity to

similarity, measured by questionnaire, (r = .57 \Wwaher than that to objective sensitivity to

similarity measured in the laboratory (r = .38)t anly the sensitivity to similarity for what was

presented but also the ability to unconsciouslyneshwhat was encountered to a similar one in the

memory trace might importantly affect déja vu. Téugygestion was supported by the result that the

relationship between frequency of déja vu expessrand familiarity ratings for new-similar

scenes was high (r = .66), the method for which thesame as Cleary et al. (2012). Even not
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considering individual differences, this suggestaght also be supported by the result of the

relationship between frequency rating and famtyarating, in which the more participants felt they

had had a similar experience before an encounseete during the encoding, the more they felt

familiar with a scene that was configurally simitarthe encountered sceagerwards. That is, in

addition to being sensitive to similarity, the &ito unconsciously and automatically connect the

encountered situation to similar experiences imtieenory trace should be the important factor of

feeling déja vu.

Cleary et al. (2009) found that participants wékely to experience both déja vu and

feelings of familiarity in response to novel scetied were similar to those presented in an

encoding session but not in response to novel sabaé were dissimilar to those presented in the

encoding session. In the present study, we alsadfthat people who more frequently experienced

déja vu states in their daily lives were more Wkl feel familiarity with regard to novel scenésit

were similar to previously observed scenes. Fantifigatings for scenes in the encoding session

were not significantly related to déja vu tendescadthough these familiarity ratings were higher

than those for any other scenes. These resultesutfgt a high familiarity rating does not always

indicate a déja vu experience. In the remember—odgment task, over 80% of novel scenes that

were similar to those from the encoding sessiorewerrectly judged as “new,” replicating the

findings of Cleary et al. (2012). That is, partens realized that both new-similar and

new-dissimilar scenes were new. Given that Nepp83)Ldefined déja vu as a “subjectively”

inappropriate impression of familiarity with a pees experience, an awareness of newness might
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be necessary to the experience of déja vu.

While participants simply judged the familiarity ®fenes, irrespective of whether they

thought the items were actually new or studiedhenfamiliarity ratings, they were instructed to

press “K” for “know” responses when they felt ttia¢y might have seen the scene during the

encoding session, despite not remembering anyfgpeslated episode. As a result, the rates of

“know” responses in the remember—know judgment tasie almost equal across scene types and

were not related to déja vu tendencies in the ptegady.That is, subjects recognized the

newness of the similar-but-new scenes and, thdsati give those a “know” judgment, even

though there was some simultaneous familiarity g@leith the recognition of newness. It might be

said that the resemblance manipulation used byrtaal. (2009) taps the type of familiarity that

is related to déja vu experiences, whereas “knodfinents do not. Wais, Mickes, and Wixted

(2008) suggested that the remember—know paradigrs nlot probe recollection and familiarity

directly, although they may still be different pesses. Some previous studies have used a

remember—know—familiar—guess judgment (e.g., Con@aydiner, Perfect, Anderson, & Cohen,

1997; Sauerland & Sporer, 2009). We did not conduetmember—know—familiar—guess judgment

in the present study because we wanted to exarkem@ifiar” responses not only for scenes that

participants judged that they knew about but atss€enes that participants judged they did not

know of. Bowles, et al. (2007) found a relationshgiween “Know” responses in a

remember—know task, and déja vu experienced byiagyraoman who developed temporal lobe

epilepsy. If the remember—know—familiar—guess judgtihad been conducted instead of the



19

remember—know judgment, a different result mighiehlaeen obtained.

Déja vu experiences might be related to “Openre&xperience”, which is one of the
domains used to describe human personality in itree Factor Model (McCrae & John 1992).
Openness to Experience involves active imaginatiesthetic sensitivity, attentiveness to inner
feelings, preference for variety, and intellectoadiosity (Costa, & McCrae, 1992). According to a
review of déja vu studies (Brown, 2003), peopléhgithizophrenia, people who travel frequently,
people who were educated for a long period, anshgeupeople (age 20-24 years) have more déja
vu experiences. All these individual differences ba explained from the viewpoint of Openness to
Experience in the Five Factor Model. That is, @tng of Openness to Experience was higher for
people who were more prone schizophrenia (schizdty@an those who are less prone to
schizophrenia (Piedmont, Sherman, Sherman, Dy-bia&dNilliams, 2009; Asai, Sugimori. Bando,
& Tanno, 2011). People who travel frequently migkefer variety, which is included in “Openness
to Experience”. People who were educated for a fergpd might be intellectually curious, which
is also included in “Openness to Experience”. Addtlly, the rating of Openness to Experience
decreases according to aderracciano, McCrae, Brant, & Costa, 2005). Thenefdéja vu might
be more related to fluid intelligence rather thaystallized intelligence such as memory. In future
studies, the relationship between “Openness to fieqee” and déja vu experiences should be
investigated from the view point of tisamilarity hypothesis for déja vu or the ability to
unconsciously and automatically retrieve a sinslzgne to a scene currently encountered.

In this study, we revealed that sensitivity to ¢guafal similarity between current and
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previously presented scenes can be a trigger fandéexperiences in response to novel scenes; the

state is significantly related to the experiencéaaiiliarity with regard to such scenes. Brown and

Marsh (2010) reviewed many studies that collectexilfarity ratings (e.g., Jacoby & Whitehouse,

1989; Marsh & Brown, 2010) and remember—know judgisméMantyla, 1993; Bowles et al., 2007)

and predicted that the findings of these studigghbide applied to the state of déja vu. However, in

the present study, we investigated the relationséfpreen familiarity judgments, remember—know

judgments, and individual differences in déja vadencies and revealed that not all familiarity is

related to déja vu and that “know” responses ateelated to déja vu. Therefore, it would be

helpful to consider individual differences in dgjatendencies for future research in this area.
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