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ABSTRACT

Relational Frame Theory (RFT) explains perspediakeng performance in terms of
deictic relational responding, which has been eicgdly examined in a number of studies
employing both adults and children. Following tlisw, the current study aims at assessing
deictic relational responding in people with sclpiaenia, a population for whom there is
evidence of a deficit in mental states attributidrperspective-taking task and a mental states
attribution task were employed with a sample opabents diagnosed with schizophrenia and
15 age-matched controls. Results revealed pooreforpeance of participants with
schizophrenia in responding in accordance with teirtames at the highest levels of
relational complexity (i.e., reversed and doubleersed perspective-taking), while no
difference appeared between the two groups on sirpplspective-taking. In addition, a
significant deficit emerged on the mental statdsibation task. Group effects remained
significant after controlling for 1Q. Furthermorneerformance in complex deictic responding
was a strong predictor of accuracy on the mengéstattribution task in both groups, thus
supporting the RFT approach to Theory of Mind. Enhéadings suggest the relevance of
conceptualizing mental states attribution in termof relational responding for the

understanding and remediation of deficits linkedahizophrenia.



A relational frame analysis of perspective-taking

Over the past three decades, perspective-takiangdrastituted one of the main topics
of research in psychology due to the likely invehent of such ability in social cognition.
Undeniably, this field has been dominated by thgndove approach which has produced
models as numerous as contradictory. Indeed, whileonsensus exists regarding the
developmental stages of perspective-taking (HowBaron-Cohen, & Hadwin, 1999),
controversy still remains over the question offiutsctioning in normal subjects as well as in
people suffering from pathologies linked to impadmts in social cognition (e.g., autism
spectrum disorder and schizophrenia). On the dthad, only a few behavior analysts have
offered a functional account of such questions @pedlin & Bradly, 2008). Although it
might be argued that the aim of behavior analysisot necessarily to propose an account for
concepts constructed into cognitive approachesarelers working under the rubric of
Relational Frame Theory (RFT) have claimed that e verbal activities, such as social
cognition, have long been neglected because \ittle known about certain crucial behavioral
processes involved in these type of activities (éages, Barnes-Holmes, & Roche, 2001).

At the core of RFT lies the principle that verb@havior is a specific class of
generalized operant that corresponds to the alaifigesponding to a stimulus in relation to
another stimulus on the basis of properties defmesgocial community (arbitrarily applicable
relational responding -AARR-). For instance, ifiadividual picks a soccer ball when asked
to choose the biggest object among a range ofrdiffesports balls (such as a tennis ball and a
golf ball), his/her behavior is based on non-adbitiproperties of the stimuli (the fact that the
golf ball is smallerthan the tennis ball is not established by soc@ahmunity and this
relation of comparison cannot be transformed bynsed verbal behavior). On the contrary,

if the same individual is now asked to select wtbeH is used in a team sport, s/he will pick



the soccer ball once again but this time, accortbraybitrary properties of the stimuli (in this

context, the soccer ball and the two other bakbscampared according to the kind of sport in
which they are employed: team sportogposed tandividual sport, which is established by

the social community).

Studies conducted under the rubric of RFT havevattbat derived learning processes
demonstrated in non-arbitrary relations (see Sidmi884) apply to AARR. That is, directly
training the individual from our previous exampderélate two stimuli (e.g. by telling him/her
that a basketbals the same aa soccer ball, in terms of their use in team s)antails that
s/he may then respond to the socceribalklation tothe basket ball (a soccer ballthe same
asa basket ball) anith relationto the tennis ball (a basket ballthe oppositef a tennis ball)
without having been trained directly to do so. Thidividual is said to “derive” his/her
relational responses: s/he produces responselahatot been trained directly. According to
RFT, these limited but powerful mechanisms of ddron allow humans to learn and
establish relations between stimuli or relationsnimite ways, thus accounting for complex
verbal activities such as story telling or underdtag of metaphors and analogies (Barnes-
Holmes & Barnes-Holmes, 2002; Stewart, Barnes-He|iayes, & Lipkens, 2001).

In addition to relational responding of coordioatiand opposition, a variety of other
forms of relational responding have given rise toirectional analysis (Hayes et al., 2001b).
These include relational responding of ‘distinctiRoche & Barnes, 1996), ‘comparison’
(e.g., more than, less than; see e.g., Dymond &d&xar1995; O’ Hora, Roche, Barnes-
Holmes, & Smeets, 2002), ‘hierarchy’ (Griffee & Dgher, 2002) ‘analogy’ (Barnes, Hegarty
& Smeets, 1997; Lipkens & Hayes, 2009; Stewart, nBasHolmes, & Roche, 2004)
‘temporality’ (O’ Hora et al., 2002; O’'Hora, Barné®lmes, Roche, & Smeets, 2004) and
‘perspective’, usually called deictic relationalspending (McHugh, Barnes-Holmes, &

Barnes-Holmes, 2004). According to RFT, deicticatiehal responses are a family of



relational responses that appear to be criticaliferdevelopment of perspective-taking skills.
Indeed, it is the perspective that defines thereatfithe relation shared by two stimuli in this
case, according to interpersonal, spatial, and ¢eahglimensions. Every time one interacts
with another person, s/he is speaking from I/HERBM to someone who is
YOU/THERE/THEN. While the physical properties oethontext are always changing, the
verbal relations between | and YOU, HERE and THERE&J NOW and THEN remain
constant (Barnes-Holmes, Barnes-Holmes, & Cullirz@91).

Because deictic relational responding cannot Is=dan formal dimensions in the
environment, it is very likely that these repemsirof relational responding are learned
through interactions providing opportunities tdktabout one’s perspective in relation to the
perspective of others (Hayes, 1984). For instamden responding to a question such as
“What did you do in class this afternodn@ child is required to speak from his/her own
perspective (1) and to adopt simple perspectivesraing to spatial (in class-THERE) and
temporal (this afternoon-THEN) dimensions. More pte®r questions necessitate changing
perspective in situations involving one, or all, toe three deictic relations. Consider an
example of self-comment a child might produce iHide-and-Seek gameif‘l were my
brother, where would | choose to hidePhis time, the verbal activity of the child cosis of
reversing the I-YOU relation when predicting hig/beother’s behavior (ex.l*'would hide
behind the tre®.

The RFT view on perspective-taking skills has ledat series of studies that have
aimed to assess deictic relational responding acdd$erent age groups (McHugh et al.,
2004; McHugh, Barnes-Holmes, Barnes-Holmes, & Stew806; McHugh, Barnes-Holmes,
Barnes-Holmes, Stewart, & Dymond, 2007) or amonifgam with high functioning autism
spectrum disorder (Rehfeldt, Dillen, Ziomek, & Kdelauk, 2007), and at training skills

when they are found to be absent or impaired (BaH@mes, Barnes-Holmes, & McHugh,



2004; Heagle & Rehfeldt, 2006; Rehfeldt et al., 200/eil, Hayes, & Capurro, 2007). In one
such study by McHugh et al. (2004), deictic relaéib responding was assessed across
participants from five different age groups (fromrlg childhood to adulthood). Participants
in this study were required to respond in accordamith the three deictic frames and across
three levels of relational complexity. In the fitevvel, participants were required to adopt a
simple perspective. They were presented with atguresuch aslf | have a green brick and
you have a red brick. Which brick do you have? Whbiick do | have? In this situation, the
conditional frame (IF-THEN) defines the functionssaciated with | and YOU and no
derivation is required from the participant, thst the correct answer necessitates responses
that are identical to the arrangement specifiedthi@ instructions. In the second level,
participants were required to reverse deictic iatet (i.e., changing perspective) in tasks such
as ‘1 have a green brick and you have a red brick.\ifere you and you were me, which brick
would | have? Which brick would you havel this situation, a transformation of functions
occurs via the conditional If THEN frame across degctic I1-YOU relation, such that now |
have a red brick and you have a green brick. Feithird level, participants are required to
reverse two deictic relations at the same time. Fstance, participants were asked
“Yesterday | was sitting there on a blue chair avdghy, | am sitting here on a black chair. If
here was there and there was here and if now was #md then was now, where would | be
sitting now? Where would | have been sitting thieh? this situation, the conditional frame
operates two successive transformations of funstmrer the frames of HERE-THERE and
NOW-THEN thus leading the participant to be sittimack on the initial chair. Results from
this study demonstrated that the early childhoaigr(3-5 year-olds) was the least accurate
across trial-types. In general, participants’ aacyrdecreased as a function of relational

complexity (i.e., from simple to double reversedrspective-taking). Additionally, all



participants produced fewest errors on trial-typeslving the frame of I-YOU and most

when the frame of NOW-THEN was involved.

Deictic relational responding and mental statagoation

Findings from the McHugh et al. (2004) study argafticular interest as they provide
a functional analytic framework in which to studyetunderstanding of other minds, a topic
largely dominated by cognitive psychology under thbric of “Theory of Mind” (ToM}.
ToM refers to the ability to attribute beliefs,entions or emotions (i.e., mental states) to the
self or to others in order to predict or explaieithbehavior (Premack & Woodruff, 1978).
According to Barnes-Holmes, McHugh, and Barnes-Halr(R004), this competency can be
conceptualized in terms of deictic relational rexting, that is, in order to identify private
events one needs to adopt the perspective of otiten$ him/herself in different situations
(time or place). For instance, in a well-known Teddk (Baron-Cohen, Leslie, & Frith, 1985)
a participant is told a story about two charact8edly and Anne, who are playing in a room.
Sally puts a ball in a basket and leaves the rdarher absence, Anne moves the ball from
the basket to a box. The participant is then askéden Sally will come back, where will she
look first to find the ball? Following the RFT view on ToM, the participanteplicts
accurately that Sally will look in the basket byeesing the I-YOU relation (i.e., adopting her
perspective) as followsif‘l were Sally, | would not know that Anne has etbthe ball and
then | would look in the basket fits€Considering that developmental research has stbat
competencies on this type of task increases citydating the fifth year (Wellman, Cross, &
Watson, 2001), results gathered by McHugh and bleagues appear consistent with the

RFT approach to mental states attribution.

! Although it would go beyond the scope of the cairstudy to present it in detail, it should be niemed that
alternative behavior analytic accounts for perspedaking and mental states attribution have bgeposed
outside RFT (see Dube, MacDonald, Mansfield, Holop& Ahern -2004-; Schlinger -in press-; Spradlin &
Brady -2008-).



In a more recent study, Villatte, Monestés, McHuglteixa i Baqué, and Loas (2008)
observed that performance on McHugh et al.’’s patquedicted accuracy on another
traditional ToM task consisting of attributing inteons behind indirect speech (modelled on
the “Hinting Task” designed by Corcoran, MercerF#th, 1995). In this task, the participant
is read short interactions between two charactaisiaust guess what they really want to say.
For example, one of the items presents a chardeaert, who has to go to an interview and is
running late. While he is cleaning his shoes, he $a his wife Jane:I*want to wear that
blue shirt, but it's very creasédThe participant is then asked/hat does Paul really mean
when he says this&?According to RFT, in order to infer the intenti@f the character, the
participant must change perspective, that is, deiictic relations as followslfl were that
character (I-You) in that particular place (Here-@ie) and at that moment (Now-Then), |
would intend to.”. In line with this view, results from Villatte edl.’s study showed that
performance on trial-types of the perspective-tghpnotocol involving at least one inversion
of a deictic relation were significantly associateth accuracy on attribution of intentions

tasks.

Impairments in mental states attribution in schizepia

Mental states attribution has been the subjecturharous studies in the field of
psychopathology. In particular, people with schiz@mia spectrum disorders suffer from
deficits in a variety of ToM tasks such as thosespnted in the previous section (see Brline,
2005a for a review and Sprong, Schorthorst, Voss, BoVan Helgeland, 2007 for a meta-
analysis). These difficulties appear not only ipp@xmental tasks but also in everyday life
through failures in communication. For instanceggde with schizophrenia poorly understand
irony and metaphors since it often requires infgrrihe intention of the speaker (Langdon,

Davies, & Coltheart, 2002; Mo, Su, Chan, & Liu, 83)0More generally, impairments in



mental states attribution are linked to a deficisocial functioning, which constitutes one of
the most dramatic features of this illness (Bonyakuz, Kayahan, Sungu, & Veznedaroglu,
2006; Briine, 2005b; Briine, 2006; Roncone et aD22&chenkel, Spaulding, & Silverstein,
2005). According to Hyronemus, Penn, Corrigan, &tdrtin (1998), inaccurate social

perception persists during remission phases angesdailures in social integration, which, in
turn, contribute to the re-emergence of psychgtcgoms.

At a theoretical level, main models proposed toaat for poor ToM of people with
schizophrenia are based on cognitive neuropsyckiobogl postulate dysfunctions in the
meta-representational monitoring system (Frith, 2098r in the integration of contextual
information (Hardy-Baylé, Sarfati, & Passerieux03)) However, other authors have rather
considered that difficulties in perspective-taksiglls constitute the core element of mental
states attribution deficits in schizophrenia speutrdisorders (Langdon & Coltheart, 2001;
Langdon, Coltheart, Ward, & Catts, 2001). In theselies, individuals with schizophrenia or
with a schizotypal personality showed less accupstéormance than controls in a visual
perspective-taking task, which in addition was elated with ToM tasks. In a subsequent
study, Schiffman et al. (2004) observed that ckiddwho later developed a schizophrenia
spectrum disorder presented lower scores on a guigp-taking task than children who did
not develop any mental illness. Such findings se&eraccordance with RFT view on ToM
since it suggest that deficits in perspective-tglskills constitute a feature of schizophrenia,
which might have a critical impact on the developmef difficulties in mental states
attribution. However, as far as we know, no studs lever showed a direct link in
schizophrenia between perspective-taking and attab of intentions (which constitutes the
most studied ToM competency in schizophrenia spettdisorders -see Briine, 2005a;
Sprong et al., 2007-). In addition, although firgnfrom Villatte et al. (2008) already

suggested the implication of deictic relationalpasding in attribution of intentions in a non



clinical population, this finding needs to be repted in a clinical population in which ToM
impairments are a common feature.

Thus, the current study aims to assess deictitiorl responding in a population of
participants diagnosed with schizophrenia usingMuéiugh et al. deictic protocol (2004).
According to the RFT account of ToM, we predict tthzarticipants diagnosed with
schizophrenia, whose impairments in mental stateshwation are well established, will
present a deficit in reversing deictic relationsddAionally, we predict that accuracy in
reversing deictic relations will be a predictor pérformance on a task consisting of
attributing the intentions of others (using a taskdelled on the Hinting Task) in participants
with schizophrenia as well as in controls. If thpsedictions are correct, this will support the
assumption that deictic relational responding isoiwed in attribution of intentions.
Assessing deictic relational responding in peopléh vgchizophrenia will also provide a
pattern of performance that might give importardi¢ations for building new remediation

procedures for ToM impairments in this illness.

METHOD

Participant$

The study was approved by the local ethics comeWt@&CPPRB de Picardie) and all
participants provided informed consent. Patientsreweecruited from the University-
Psychiatric Hospital Ph. Pinel of Amiens and cadstioom personal acquaintances of the
experimenters. Participants did not receive anyrt for participation.

Experimental groupl5 patients (8 males and 7 females) diagnosddsehtizophrenia

according to ICD-10 (World Health Organization, 229Ages ranged from 22 to 53 years

2 The participants were the same as those who tadkirppanother study involving deictic relationabponding
(in preparation). However, the presentation ordéh® two protocols was counterbalanced.

10



(mean 33.3 years; SD: 8.4). Mean duration of iknés13 (SD: 4.8). Mean age of onset of the
disease was at 28.1 (5.5). Most patients were eeatith conventional or atypical
neuroleptics.

Control group 15 healthy participants (8 males and 7 femalkggs ranged from 20
to 63 years (mean 30.08 years; SD: 11.2); therenmaggnificant difference in age between
the experimental and the control grot(28)= 0.68 p>.5.

Exclusion criteria for all participantany brain injury, age below 18 or above 65, and

French as a second language.

Exclusion criteria for control participantany history of psychiatric illness.

Measures

Although ToM impairments in schizophrenia gengratemain significant after
controlling for effects of 1Q, intellectual compatees impacted on ToM performance in
several studies (see Sprong et al., 2007). Thusf &) the participants was estimated in the
current study using Raven’s Progressive Matrices/éR, 1960) and analyses of co-variance
were conducted with 1Q as the co-variate (as regart the results section). The mean 1Q was

99.13 (SD: 12.4) for the experimental group and.@Z2@SD: 10.78) for the control group.

Setting and equipment

For the task 2, an E-Prifiéversion 1.1) program was compiled in order to enes
reduced version of the protocol designed by McHaglal. (2004) to the participants on a
Personal Computer with a 660 MHz processor, a tb-golor monitor and a numeric pad.

All trials in the program were presented in Frefldack letters, font 26).

Procedure

11



The two experimental tasks and Raven’s Progresbiarices were presented
individually with the entire protocol lasting apprmately 60 minutes. The presentation order

of the tasks and Raven'’s test was counterbalanced.

Task 1 (ToM):The ToM task was modelled on the “Hinting Task”Gdrcoran et al.

(1995), one of the most widely employed tasks & dssessment of ToM impairments in
schizophrenia. This task contains 20 short scezeas randomly to the participant. Each scene
involves an interaction between two characters in exeryday life situation and the
participant must guess what they really want ta sagomplementary cue was also provided

to the participants after their first answer.

For example:

“Stephanie says to her friend Nicole: ‘I can't affiothe repairs of my car. Could you
lend me some money?’ Nicole answers: ‘I have t@ Imay car repaired too’.
Question 1What does Nicole really mean when she says this?
Cue:Nicole says: ‘And unfortunately, it will cost méo#.

Question 2What does Nicole want Stephanie to understand?”

Correct responsédicole wants to say that she can not lend any mtm&tephanie.

Each scene was evaluated from 0 to 3 points (2g¢&an a correct first answer and 1
point for a correct second answer). Participargsponses were evaluated independently by
three different blind experimenters (for each reseo points were allocated based on
agreement of the majority of the experimenters).

As in the Corcoran et al. (1995) task, a cue asdc@nd question was added to each

scenario in order to avoid high failure rates frpamticipants who found the task difficult (in

12



order to avoid a floor effect). But in contrasttbe@ original task, the complementary cue was
provided across all tasks (even after a corredt fanswer) in order not to influence
participants’ answers during the experiment. Pigditts were informed at the beginning of
the task that they would receive an additional eaeh time, irrespective of their response to
the first question. This procedure was employedrder not to provide any feedback during
the task and hence to allow a more accurate aseassofi participants’ spontaneous

responses.

Task 2 (deictic relational responding):

The task included a set of 42 trials. Trials diéigbased on the deictic relation they
tested for (I-YOU, HERE-THERE or NOW-THEN) and thevel of relational complexity
(simple, reversed and double reversed relationg)\wied. These combinations were presented
across eight trial-types (see appendix for fulktpcol).

The first three trial-types corresponded to 8 ¢riaf simple relations: 2 I-YOU, 2
HERE-THERE and 4 NOW-THEN. The NOW-THEN trial-typéfers from the other two
simple trials because, although the relational &arhl-YOU is present, it does not involve
responding to | and YOU simultaneously. This pragat modification is necessary because
in the frame of NOW-THEN, the target relations bmeounspecified when | and YOU
relations are combined. For example, WeSterday | was watching television, today you are
reading, what | am doing today and what YOU did yesterdayot specified. Thus, simple
NOW-THEN was presented with | and with YOU sepdyat&n example of simple trial was
as follows: ‘1 have a red brick and you have a green brick. WHicick do | have? The
participant had the choice between responding reftieRed brick or “2: Green brick by
means of pressing either of the two activated kelsvant to the task (keys 4 and 6 of the

numeric pad covered by stickers with “1” and “28spectively -other keys were covered by
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blank stickers-).Then the second question appeéréthich brick do you havé)y, the
introduction remaining on screen, and the partiiiead to choose once again betwégead
brick” and“Green brick”

There were 20 reversed trials with three trial-gyp& 1-YOU, 6 HERE-THERE and 8
NOW-THEN (4 involving | and 4 involving YOU). Finlgi, there were 14 double reversed
trials with two trial-types: 6 I-YOU/HERE-THERE ar®l HERE-THERE/NOW-THEN (4
involving | and 4 involving YOU). The presentatiah reversed and double reversed trials
and the procedure employed to respond to both igunssbof each trial was the same as for
simple trials.

Both accuracy rates and response times were retdwiéh longer response times
predicted to reflect poorer performance). The réicgy was conducted as follows: once the
participant had read the first statement (exanidléiave a red brick and you have a green
brick. If I was you and you were e s/he had to press the key “Enter”. Then, theggion
and the two allowable responses appeared on s¢ex@ample: Which brick would you
have?. Green brick/Red brick). Response times were nd@ib between the participant
pressing “Enter” after having read the first stada@tmand his/her response by pressing one of
the two activated keys. No feedback was given dfterparticipant’s response. The trials

were presented randomly.

RESULTS

ToM task
The mean rate of accuracy for both groups wastedllarhe mean accuracy rate for
the control group was 0.92 (0.90 for the first disesand 0.94 for the second) whereas it was

only 0.70 for the patient group (0.63 for the figsiestion and 0.77 for the second). These data
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were analysed using an independetgst and revealed that the difference betweertwbe
groups was significant(@8)=-5.12 ;p=.01). In order to determine whether this differemc
performance was due to a difference in 1Q betwden ttvo groups an ANCOVA was
conducted with IQ as the co-variate. The effeagroup remained significanE(1, 27)=7.95;
p<.01) and the effect of IQ was not significaR{X, 27)=1.33p>.28). These results show that
the difference between the two groups was indepgrafdQ. The mean rate of amelioration
(a correct second answer after an incorrect finse)owas 0.56 for the experimental
participants and 0.62 for the contrblsThis difference was not significant(Z5)=-0.54,
p=.59), indicating that participants from both gredgenefited equally from additional cues to
correct their mistakes. However, caution shoulddiken regarding this result since only 30
errors were produced on a first question in thérobgroup ¢s 111 in the group of patients).
In addition, only 12 participants produced at leas¢ error on a first question in the control
group, whereas all participants of the experimegtalip did. To summarise, patients were
unable to correctly infer 30% of the characterstemions, thus demonstrating poorer
accuracy than controls. However, they seemed tablbe to improve their performance after

receiving an additional cue as often as controls.

Deictic relational responding task

Accuracy

The percentage of accuracy was calculated for eacticipant. These results were
then grouped by participant-type and trial-type amd presented in Figure 1. The data
indicated that, across the whole sample of paditip, the rate of accuracy decreased as a
function of relational complexity. The rate of acamty was similar in both groups for the

simple trials. Patients produced clearly more artbian controls on all reversed trial-types

% None of the participants produced any error oac@sd question after a correct response to thieofires.
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and on double reversed I-YOU/HERE-THERE while altrthe same rate of accuracy was

observed for the two groups on double reversed HERERE/NOW-THEN.

INSERT FIGURE 1 ABOUT HERE

A 2 x 8 mixed repeated measures multivariate aealp$ variance (MANOVA) with
the type of group (patientgersuscontrols) as the between subject variable andtiyqee as
the within subject variable and with accuracy aedponse times as the two dependent
variables was employed. The main effect of groug wignificant (Wilk'sF(2, 27)= 8.71,
p=.001). There was a significant main effect oflttyjgpe (14, 15)= 14.93p=.000). The
interaction between group and trial-type was ngniicant (14, 15)= 1.74,p=.15),
indicating that the two groups were similarly atist by the type of perspective-taking tested
across both dependent variables.

Univariate analysis of the mean rates of accuragvgaled a significant main effect of
group (Wilk’'s F(1,28)= 18.18p=.000), trial-type (7,196 17.68,p=.000) and a significant
interaction between group and trial-typ&€4,196) = 3.32p<.01), indicating that there was a
difference between the two groups on accuracyfaedaion of the type of perspective-taking
tested. An ANCOVA was conducted with 1Q as a cadatar Though the effect of IQ
approached significanc&({, 27)=2.4;p=.053), the effect of group remained significantl,
27)=3.2;p=.02). Thus, 1Q alone could not account for poauracy of the patients.

Planned comparisons were conducted between thegtawgps and across the eight
trial-types (using Bonferroni corrections to comtiar Type | errors). These tests revealed no
significant difference on any simple trial-type#l (@lues oft < 1). Patients were significantly
less accurate than controls on reversed I-YO(28) = -5.25,0=.000) and reversed NOW-

THEN (t (28) = -4.47,p=.000); there was a similar trend that approachegdifscance on
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reversed HERE-THERE (28) = -2.87,p=.09). The difference between the two groups did
not reach significance on double reversed triatsyl-YOU/HERE-THERETt (28) = -2.71,
p=.14; HERE-THERE/NOW-THEN:t (28) = -0.5,p>.9). However, the difference was
significant before Bonferroni correction on I-YOUARE-THERE. To summarise, patients
produced more errors than controls on reversegepetise-taking trial-types.

Another series of planned comparisons was condutiednalyse the effect of
relational complexity in both groups. Patients wsignificantly less accurate on reversed I-
YOU than on simple I-YOUt (14) = 5.58p=.000), whereas controls were equally accurate
on these two levels of complexity(@4) = 0.43p>.9). Patients were less accurate on reversed
HERE-THERE than on simple HERE-THERE({(4) = 5.78,p=.000); a similar significant
difference appeared in controls but was no longgnfecant after the Bonferroni correctiot (
(14) = 2.5,p=.35). Finally, only patients were less accurategeversed NOW-THEN than on
simple NOW-THEN { (14) = 8.91,p=.000 for patients antd(14) = 1.68,p>.9 for controls).
These results indicate a general tendency for pedonce of patients to weaken as the
complexity level of perspective-taking requiredreses. This pattern of responding was not
the same in controls, who seemed only slightlyciéfe by the inversion of the spatial deictic
relation. No comparison was conducted between the reversgdhendouble reversed and
between the simple and the double reversed tnmddybecause relational complexity and
relation type cannot be separated in these trpsyFor example, when comparing simple I-
YOU with double reversed I-YOU/HERE-THERE trialsyaeffect that would emerge could
be due to relational complexity (simplersusdouble reversed) or to the type of relation (I-
YOU alone versus I-YOU combined with HERE-THERE).

Because accuracy rates of 0.5 in a two-respondeqmiocan be interpreted as chance
level responding, the proportion of each groupdipi@ants whose scores were over 0.67 was

calculated. These results were then grouped hytypa and are presented in Figure 2.
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INSERT FIGURE 2 ABOUT HERE

These proportions were not significantly differéetween the two groups for simple
trial-types (between 80% and 93% for all relatioms) were superior in the control group for
reversed I-YOU (80% for controlgersus27% for patientsy?(1)= 10.21 ;p<.01), reversed
HERE-THERE (47%versus0%: ¥?(1)= 9.13), and reversed NOW-THEN (80% versus 7%:
v?(1)= 16.43;p<.001). Moreover, the proportion of participantdanhing less than 67% on
the three reversed trial-types was 73% in patieatsusonly 7% in controlsy?(1)= 13.89 ;
p<.001). On double reversed trial-types, though 58%e controls obtained more than 0.67
accuracy on I-YOU/HERE-THERE relationersusonly 20% for patients and 47%ersus
27% on HERE-THERE/NOW-THEN relations, these differes were not statistically
significant (respectivelyy?(1)= 3.59;p>.4 andy?(1)= 1.29;p>.9). However, the proportion of
participants who scored under 0.67 both on I-YOUREETHERE and HERE-
THERE/NOW-THEN was three times less in the congmup (20%versus60% for the
experimental groupyf(1)=5; p=.17 -this difference was significant before coti@t). To
summarise, these results are consistent with tle®iqus analyse of variance. Patients
produced more errors than controls on reversegepetise-taking. Similar trends emerged on

double reversed trial-types, but these differemttésot reach significance.

Response latencits

Response latencies results are presented in FRjuiéhese data indicate that the
response latencies of the two groups were veryeckasoss all trial-types. In general, the

response latencies increased as a function ofaetdtcomplexity.

* Response latencies that exceeded two SD’s abeven#fan were removed from statistical analyses. Mexe
the exclusion of these data had no effect on thtesstal analyses.
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INSERT FIGURE 3 ABOUT HERE

Univariate analysis of response latencies reveatedignificant effect of the type of
group (Wilk's (1, 28) = 0.66p=.42), a significant main effect of trial-typE(7, 196y 34.5;
p=.000), and a significant interaction between tyetof group and trial-typeF(7, 196) =
2.63;p=.01), indicating that the trial-type differentljfected the two groups of participants’
response latencies. An ANCOVA with 1Q as co-variggeealed no significant effect of 1Q
(F= 2.07,p=.1).

Planned comparisons were conducted between thgrvups and across the levels of
relational complexity (using Bonferroni correctign¥hese analyses revealed no significant
difference between the two groups; however, cositreére faster than patients on simple
HERE-THERE trials before correction, thus explajnithe emergence of an interaction
between the type of group and the type of triahwiite ANOVA conducted earlier. Analyses
concerning relational complexity showed that alitipgpants were faster on simple than on
reversed trial-types (patients: simple I-YOU/reeerd-YOU, t (14) = 4.64,p<.001; simple
HERE-THERE/reversed HERE-THERE(14) = 2.91 p=.14 -significant before correction-,
simple NOW-THEN/reversed NOW-THEN, (14) = 4.95,p=.001. Controls: simple I-
YOUI/reversed I-YOUt (14) = 5.19p=.001; simple HERE-THERE/reversed HERE-THERE,
t (14) =5.45p<.001; simple NOW-THEN/reversed NOW-THEN14) = 5.04p=.001).

In addition to response latencies, the time spantsoreens presenting the first
statement of each item (eX:Have a red brick and you have a green brick.Wfere you and
you were mé&) was calculated in order to examine if the twmps required a different
amount of time to read this instruction. In linghwihe variation of the first statement length

across the different trial-types, univariate anialysg these results revealed a significant main
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effect of trial-type E(7,196)=10.15,p=.000), no significant effect of the type of group
(1,28)=1.73,p>.2) and no significant interaction between theetyg group and trial-type
(F(7,196)=0.38p>.9), indicating that the two groups did not differthe amount of time they

spent reading the first statement of the trials.

Links between ToM and deictic relational respondiegformances

A series of correlation analyses were conductedidrt performances on ToM and
perspective-taking tasks (using Bonferroni cormwd) with the purpose of examining the
overlap between deictic relational responding attdbation of intentions. The trial-types
were regrouped as a function of relational compyeto reduce multiple testing effects on
Type | error. In the experimental group, ToM pemi@ance was moderately associated with
accuracy on reversed € .49) and double reversed trial-typ@s= .52), but weakly with
simple trial-types r( = .29); however, none of these coefficients redcsignificance after
correction. In the control group, associations leetovToM and complex perspective-taking
were stronger (reversed: = .64, p=.05; double reversed: = .6, p=.1). No association
emerged between ToM and simple perspective-takirg-(04,p>.9). In order to examine the
prediction that reversing deictic relations is rieed to infer the intentions of others, a linear
regression analysis was carried out with ToM penomce as dependent variable and mean
accuracy on all trial-types involving changing pperstive (i.e., reversed and double reversed
trial-types) as independent variables. The moded significant and explained 44% of the
variance <.01) in the experimental group and 41% in the mdngroup (=.01), thus
indicating that accuracy in reversing deictic nelas was a strong predictor for ToM

performance.

DISCUSSION
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The results from the current study indicate arcticit in the ability of reversing
deictic relations in our sample of participants giesed with schizophrenia. These
participants produced significantly more errorsntle@ntrols when they were required to
change perspective according to all deictic refetigi.e., personal, spatial, and temporal
relations). A difference between the two groupsesped also on double reversed perspective-
taking but, interestingly, did not reach significanin spite of the fact that a higher level of
relational complexity was involved. While particiga from McHugh et al. (2004) and
Villatte et al. (2008) did obtain lower scores auble-reversed relations (thus supporting the
prediction that a more complex relational activigyrequired at that level), a paradoxical
effect analogous to which appeared in the curresg¢arch has been observed by Rehfeldt et
al. (2007). In this study, 66% of the participadiagnosed with high functioning autism
spectrum disorder performed better on double-redethan on reversed perspective-taking
and the difference between experimental and comaoticipants was significant only on
reversed ones. Similarly, Weil et al. (2007) repdrthat certain young children from their
training study acquired more slowly reversed thanbie reversed relations. In both cases, the
authors hypothesised that participants presenhiisgcontradictory pattern of response might
not respond relationally at that level. Indeed garticipant is unable to change perspective at
all, s/lhe might stick with the first statement loé tquestion (e.g.Yesterday | was sitting there
on the blue chair and today, | am sitting here ba black chaif) and respond accurately.
However, it is important to note that a differertid appear between the two groups of the
current study on double-reversed relations (notahky proportion of participants scoring not
better than chance on double reversed relationstwastimes greater in patients than in
controls). Thus, it is likely that the effect wouldach significance with a larger sample of

participants.
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Contrary to the prediction that longer latenciesreversing deictic relations would
reflect impairments of patients on complex perdpediaking, there was no difference
between the two groups in their response latenvidiaite et al. (2008) reported comparable
results in participants with a high level of so@ahedonia and concluded that response times
might not constitute a dependent variable as disoative as the rate of accuracy for non-
clinical populations. Data from the current reshasaggest that this might be the case even
with clinical populations. However, such findinggaken the inherent assumption of studies
conducted in psychosis, that accuracy differente=s®mwed between group mean scores may
have been a by product of neuroleptic treatmeherahan participants clinical conditiqger
se

Results concerning the response times and the anodutime spent on the first
statement screens also suggest that memory def@it®t account for poorer performance of
the patients on the most complex trial-types. Tist one could argue that memory
impairments, which have been repeatedly reportescimzophrenia (Heinrich & Zakzanis,
1998) could have impaired the patient groups perémce on the reversed and double
reversed trial-types due to the length of thegridhis however, is unlikely to be the case as
the introduction of the items remained on scrednalhtimes, when participants were
responding, allowing participants to read it as ynemes as they required. Additionally, no
difference was found between the two groups ortithe spent reading the trial introduction
or in responding to the questions. Therefore, aflyence of memory impairments on task
performance is rather unlikely.

Conducting an assessment of deictic relationgdaieding in a sample of individuals
diagnosed with schizophrenia was driven mostlyHgydxistence of a deficit in mental states
attribution in this population. Results from theM ¢ask of the current study were consistent

with the abundant literature in the area (see Br@085a; Sprong et al., 2007): specifically,
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patients demonstrated poorer performance thanaenitr attributing the intentions of the
characters. Although these dagiar sedo not shed any new light on ToM impairments,
carrying out a traditional ToM task was necessasy fo ensure that patients from our sample
presented such difficulties and then to test th& RFediction regarding an involvement of
deictic relational responding in mental stateskattion. In line with that view, we observed
that patients demonstrated difficulties in bothksaand that performance on tasks involving
changing perspective significantly predicted accyran the Hinting Task in patients as well
as controls. Although caution must be taken in mgkthe assumption that deictic responding
actually underpins ToM ability as the analysis waasorrelation analysisthe results are at
least strongly compatible with the view that infleg the intentions of others consists of
deriving complex deictic relations.

One way to further explore the involvement of tleicesponding in mental states
attribution is to conduct training studies emplayimmaditional ToM tasks as a post-test. To
date, only one study of that kind has been condudteil et al. (2007) used traditional false-
belief tasks as a pre and post test during traisgggions on perspective-taking with young
children. Weil and his colleagues observed an iwvgmeent in ToM performance from the
pre-test to the post-test. These results not anppart the influence of deictic responding on
ToM skills but also indicate that training thesedfic repertoires of relational responses is
an efficient approach to the remediation of mesitaies attribution.

Considering the positive results from other tnagnstudies carried out with normal
developing children (Barnes-Holmes et al., 2004¢ldtdren with autism spectrum disorder
(Heagle & Rehfeldt, 2006; Rehfeldt et al., 2001 turrent results suggest the utility of

applying similar procedures with people sufferimgni schizophrenia. Indeed, even though

® The possibility that neuroleptic treatment miglivé handicapped certain patients on both taskszehen
inflating the correlation between them should bsoatonsidered. However, the coefficient of correfat
observed in the non-clinical control group was adatively high (as in Villatte et al., 2008), whi once again,
weakens the assumption that medication biasedethdts of the current study.
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this study consisted of an assessment rather tharcaonal analysis, data gathered regarding
performance of the patients indicate that appliglablvior analysis based on derived relational
responding (see Rehfeldt & Barnes-Holmes, 2009htminglp to remediate impairments in
mental states attribution in this population. Hoemvas the efficacy of training deictic
responding to enhance accuracy in inferring intergti has not been demonstrated yet,
remediation programs of that type should also iheltasks like the Hinting Task as pre- and
post-tests. In a recent research, Vilardaga, Lewaltz, and Hayes (2008) followed a new
approach to develop empathy towards minority groufisese authors employed deictic
prompts in association with short scenarios thablired descriptions of characters belonging
to ethnic minorities. Similarly, it should be examad if instructions that encouraged
participants to change perspective after hearingrg stories might help them to identify the
intentions of the characters (e.¢magine you were this character... Imagine you weriat
place and at that moment).. However, since individuals with schizophrenieorh the
current study showed important difficulties in resieg deictic relations, this step might be
feasible only after reaching a mastery criteriodectic training.

Finally, it should be noted that the current studithough demonstrating deictic
relational responding impairments independent ofif(people with schizophrenia, cannot
entirely exclude the possibility that these indiatk suffer from a more general deficit in
derived relational responding. In order to addriémss prediction, supplementary research
should assess other types of relational responalitigdifferent degrees of complexity in this
population. If difficulties appear in relationalsponding in general, then deictic responding
might reflect only a particular case of the vermorders encountered by this population.
Actually, one of the main models of ToM impairmeirtsschizophrenia (Hardy-Baylé, 1994)
has made such predictions, though not formulatedhen terms of RFT. In this view,

disorganized thought disorders underlie deficitatinbuting intentions, thus only individuals
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presenting a syndrome of thought and language ghsation show difficulties in ToM.
Indeed, several studies using the Thought, Language Communication scale (Andreasen,
1979) to distinguish between disorganized and nsordanized patients supported this
prediction (Brunet, Sarfati, & Hardy-Baylé, 2003artati & Hardy-Baylé, 1999; Sarfati,
Hardy-Baylé, Brunet, & Widlocher, 1999; Sarfati, rdg-Baylé, Nadel, Chevalier, &
Widl6cher, 1997). Therefore, future research orctaeiresponding in schizophrenia might
examine first if disorganized patients alone suffesm deficits in deictic relational
responding and subsequently whether these paeatsmpaired in relational responding in

general or more specifically in deictic relationegponding.
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Appendix: Full perspective-taking protocol

SIMPLE TRIALS

Simplel-YOU:
I have a red brick and you have a green brick.
Which brick do | have? Which brick do YOU have?

I have a green brick and you have a red brick.
Which brick do YOU have? Which brick do | have?

SimpleHERE-THERE:

| am sitting here on the blue chair and you atengithere on the black chair.
Where am | sitting? Where are YOU sitting?

| am sitting here on the black chair and you attengithere on the blue chair.

Where are YOU sitting? Where am | sitting?

Simple NOW-THEN:

Yesterday | was watching television, today | andneg.
What am | doing now? What was | doing then?

Yesterday | was reading, today | am watching telewi.
What was | doing then? What am | doing now?

Yesterday you were reading, today you are watctalgyision.
What are YOU doing now? What were YOU doing then?

Yesterday you were watching television, today ymuraading.
What were YOU doing then? What are YOU doing now?

REVERSED RELATIONS

Reversed I-YOU:

| have a red brick and you have a green brick.ws you and you were me.
Which brick would | have? Which brick would YOU re®

| have a green brick and you have a red brickwi&$ you and you were me
Which brick would YOU have? Which brick would INe?

| have a red brick and you have a green brick.ws you and you were me.
Which brick would YOU have? Which brick would | he/

| have a green brick and you have a red brickwi&$ you and you were me
Which brick would | have? Which brick would YOU e
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I am sitting here on the black chair and you attingithere on the blue chair. If | was you and you
were me.
Where would YOU be sitting? Where would | be sd®

I am sitting here on the black chair and you attingithere on the blue chair. If | was you and you
were me.
Where would | be sitting? Where would YOU be sd®

Reversed HERE-THERE:

| am sitting here on the blue chair and you aréngitthere on the black chair. If here was therg an
there was here.
Where would YOU be sitting? Where would | be sd®

| am sitting here on the blue chair and you aréngitthere on the black chair. If here was therg an
there was here.
Where would | be sitting? Where would YOU be sd®

Yesterday | was sitting there on the blue chablajol am sitting here on the black chair. If he@sw
there and there was here.
Where would | be sitting now? Where would | beisittthen?

Yesterday | was sitting there on the blue chablagol am sitting here on the black chair. If he@sw
there and there was here.
Where would | be sitting then? Where would | ligrgj now?

Yesterday you were sitting there on the blue ch@ifay you are sitting here on the black chainelfe
was there and there was here.
Where would you be sitting now? Where would yotsiténg then?

Yesterday you were sitting there on the blue chadtay you are sitting here on the black chainelfe
was there and there was here.
Where were you sitting then? Where would you kengiinow?

Reversed NOW-THEN:

Yesterday | was watching television, today | amdieg. If now was then and then was now.
What would | be doing then? What would | be doiogv

Yesterday | was watching television, today | andieg. If now was then and then was now.
What would | be doing now? What would | be doingrtf

Yesterday you were watching television, today yauraading. If now was then and then was now.
What would you be doing then? What would you bexdaiow?

Yesterday you were watching television, today yaraading. If now was then and then was now.
What would you be doing now? What would you be ddhen?

Yesterday | was sitting there on the blue chanlagol am sitting here on the black chair. If nowswa
then and then was now.
Where would | be sitting now? Where would | beisittthen?

Yesterday | was sitting there on the blue chanlggol am sitting here on the black chair. If nowswa
then and then was now.
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Where would | be sitting then? Where would | lirgj now?

Yesterday you were sitting there on the blue chatfay you are sitting here on the black chainoliv

was then and then was now.
Where would you be sitting then? Where would yosikeng now?

Yesterday you were sitting there on the blue chatfay you are sitting here on the black chainoliv

was then and then was now.
Where would you be sitting now? Where would yousibting then?

DOUBLE REVERSED RELATIONS

[-YOU/HERE-THERE:

I am sitting here on the blue chair and you aringitthere on the black chair.

were me and if here was there and there was here.
Where would | be sitting? Where would YOU be sifin

I am sitting here on the blue chair and you ariingitthere on the black chair.

were me and if here was there and there was here.
Where would | be sitting? Where would YOU be sifin

| am sitting here on the black chair and you attingithere on the blue chair.

were me and if here was there and there was here.
Where would | be sitting? Where would YOU be sgfin

| am sitting here on the blue chair and you aringitthere on the black chair.

were me and if here was there and there was here.
Where would YOU be sitting? Where would | be sgfin

I am sitting here on the black chair and you attingithere on the blue chair.

were me and if here was there and there was here.
Where would YOU be sitting? Where would | be sigfin

I am sitting here on the black chair and you attngithere on the blue chair.

were me and if here was there and there was here.
Where would YOU be sitting? Where would | be sigfin

HERE-THERE/NOW-THEN:

If I was you and you

If I was you and you

If | was you and you

If | was you and you

If I was you and you

If I was you and you

Yesterday | was sitting there on the blue chaulgtol am sitting here on the black chair. If her@sw

there and there was here and if now was then ardviias now.
Where would | be sitting then? Where would | bérggtnow?

Yesterday | was sitting there on the blue chaulatol am sitting here on the black chair. If her@sw

there and there was here and if now was then amdvtfas now.
Where would | be sitting now? Where would | beirsiftthen?

Yesterday | was sitting there on the black chaidaly | am sitting here on the blue chair. If heasw

there and there was here and if now was then amdvtfas now.
Where would | be sitting then? Where would | bérgitnow?

Yesterday | was sitting there on the black chaday | am sitting here on the blue chair. If hegsw

there and there was here and if now was then amdvtfas now.
Where would | be sitting now? Where would | beisittthen?

35



Yesterday you were sitting there on the blue chadtay you are sitting here on the black chainelfe
was there and there was here and if now was theétham was now.
Where would you be sitting then? Where would yosibdeng now?

Yesterday you were sitting there on the blue ch@tfay you are sitting here on the black chainelfe
was there and there was here and if now was theétham was now.
Where would be you sitting now? Where would yousibting then?

Yesterday you were sitting there on the black chiagtay you are sitting here on the blue chainelfe
was there and there was here and if now was thettham was now.
Where would you be sitting then? Where would yosikang now?

Yesterday you were sitting there on the black chiagtay you are sitting here on the blue chainelfe

was there and there was here and if now was the:tham was now.
Where would you be sitting now? Where would yousibing then?
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FIGURE CAPTIONS

Figure 1
Accuracy (proportion correct) for experimental acwhtrol participants on the eight trial-

types of the deictic relational responding task

Figure 2
Proportion of patients and controls scoring ové&70on the eight trial-types of the deictic

relational responding task

Figure 3

Response times (ms) for experimental and contrdlggzants on the eight trial-types of the

deictic relational responding task
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