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ABSTRACT

The current study aimed to compare deictic relatioesponding and Theory of Mind (ToM)
performances in 60 non-clinical young adults witprafile of highversuslow social anhedonia in
order to investigate a possible link between soaighedonia and ToM functioning. The results
indicated that social anhedonic participants wess laccurate than controls (matched on age, gender
and general intellectual competencies) on ToM tgsks001) and on complex deictic relational
responding B=.05). Accuracy on reversing deictic relations aim 29% of the variance of ToM
performance®=.000). These findings support the RFT approachafd and suggest the critical role

of social contact for the remediation of deficits.
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A Relational Frame Analysis of Theory of Mind

Premack and Woodruff (1978) have proposed the t&meory of Mind” (ToM) to refer to
one’s ability to infer the beliefs, intentions attughts of others in order to explain and prettieir
behavior. Understanding how ToM operdtes been the subject of debate for more than twessys
in cognitive psychology, but has only recently bestndied in behavior analysis. Although the
concepts of ToM do not lend themselves readily téurctional interpretation, some behavioral
researchers working under the rubric of Relatidfralmne Theory (RFT) have attempted to develop a
behavioral interpretation of the types of repe#ésithat constitute a ToM (McHugh, Barnes-Holmes,
& Barnes-Holmes, 2004a).

Relational Frame Theory is a modern behavior-aitalgpproach to the study of human
language and cognition. At its core, this approaahbraces the simple idea that language and
cognition involve a number of limited but powertuéhavioral processes, that allow individuals to
relate stimuli or events in the world in new andraimed ways (as in generative language). A raiige o
behavioral patterns emerge as a result of theataes between stimuli and these patterns arereefer
to as relational frames (see Hayes, Barnes-Hol&eRoche, 2001). The simplest form of such
relating can be referred to as coordination fram#ag example of this type of framing might go as
follows: a child could learn that the written woldOG” is the same as the spoken word “DOG”
according to the non-physical characteristics efséhtwo stimuli while their physical form is very
different. According to RFT, it is the uniquely hamability to learn to relate objects and events no
based on their physical form but on external chas allows for the generativity of human language.
Among the different ways in which two stimuli caa telated, Barnes-Holmes, Hayes, and Dymond
(2001; see also Barnes-Holmes, McHugh, & Barnesnrds| 2004) have underlined the role of a
specific class of relational responding termed titeiframing, which is assumed to underpin
perspective-taking and, thus to be critically inipat with respect to the ability to infer the ménta
states of others.

The three deictic frames involved in the acquigitid perspective-taking skills are the frames

of  and YOU, HERE and THERE, and NOW and THEN responding to interpersonal, spatial, and



temporal dimensions, respectively. According t@ thiew, perspective-taking skills emerge through a
history of responding to questions such a¥hat am | doing now8 or «What did you do then?.
Many phrases during daily discourse include thetsional frames, even if substituted words such as
the names of places, people and time are freques#d instead of the actual terms of | and YOU,
HERE and THERE and NOW and THEN.

Following the RFT approach to ToM, McHugh et al0@2a) have proposed an RFT
interpretation of the developmental levels of Tokkdibed by Howlin, Baron-Cohen, and Hadwin
(1999). That is, the authors suggested that lefrelsn simple visual perspective-taking to the
understanding of false-beliefs involve the ability respond in accordance with deictic relational
frames. Consider the following example of a welbwm false-belief task (Gopnick & Astington,
1988), in which a participant is asked what isdesa closed candy box. After responding, the candy
box is opened and the participant discovers thatcdndy box did not contain candy but actually
contained pencils. Then s/he is askddkfore we opened the box, what did you think wside? And
what is really inside?. The RFT view of this task is that a correctpmrse coming from the
participant is underpinned by relational framedadisws: « | did not see insidéhereand then,but |
do see insidéereand now».

In order to study this interpretation, McHugh et(@004b) have established a developmental
profile of deictic relational responding and exaedirits correspondence with stages of acquisition in
traditional ToM tasks. The protocol of this reséaponsisted of exposing participants from early
childhood to adulthood to a battery of 62 trialattinvolved the three deictic relational frames and
required changing perspective. Three levels ofgeatsve-taking difficulty -or relational complexity
were used: simple (ex] have a red brick and you have a green brick: Whidck do | have? Which
brick do you have?y; reversed (ex: I‘am sitting here on the blue chair and you ar¢irsit there on
the black chair. If | was you and you were me, wheould you be sitting? Where would | be
sitting?’); double reversed (exl was sitting then on the blue chair and now | dtting here on the
black chair. If here was there and there was heré i then was now and now was then, where would
| be sitting now? Where would | have been sittingn®). The results indicated that participants’

performance increased with age while following &aletion similar to the levels of ToM acquisition



proposed by Howlin et al. (1999). McHugh, Barnedritss, Barnes-Holmes, & Stewart (2006)
observed consistent results with a task that irealexplicit deictic relational responding in false-
belief understanding. Such findings support theacdp of RFT to account for ToM phenomena as

generalized operant behavior.

One of the characteristic features of Autism SpectDisorder (ASD) is deficits in
ToM ability (Yirmiya, Erel, Shaked, & Salomonicaie 1998). RFT suggests that ToM
ability may be conceptualized in terms of deic@tational framing. Thus, RFT would suggest
that individuals with ASD have a deficit in deictielational framing.This assumption lead
Rehfeldt, Dillen, Ziomek, and Kowalchuk (2007) tavéstigate whether children with high-
functioning autism or Aspergers syndrome demoredra¢lational learning deficits in a perspective-
taking task when compared to their age-matchedcdylgideveloping counterparts. Additionally,
these researchers compared accuracy level on tispeotive-taking protocol with scores on two
standardized instruments commonly employed in tsgessment of ASD, the Vineland Adaptive
Behavior Scales — Interview Edition (Sparrow, Ball& Cicchetti, 1984) and the Social
Communication Questionnaire (SCQ) — Current Foruit@R, Bailey, & Lord, 2003). As predicted the
findings indicated that the ASD group produced nerers overall on the perspective-taking protocol
and this distinction was most pronounced on redensdation test trial-types. The researchers
correlated scores on the perspective-taking tadkla SCQ, overall age equivalence as measured on
the Vineland Adaptive Behavior Scales, and agevadgmce on the communication, daily living, and
socialization domains of the Vineland. A modestelation between the percentage of errors on the
NOW-THEN reversed relations and the Daily LivingilSkdomain of the Vineland was found,
demonstrating a link between social skills and tieielational responding. These results lend stppo
to the RFT account of perspective taking not onlaitypically developing population but also, in a

population who has deficits in this area.



ToM impairments in schizophrenia

For the past decade, schizophrenia has partiguddiiacted the interest of ToM researchers
due to the presence of deficits in this domainkidlitees. People with schizophrenia present diffiies
in inferring mental states in a range of experirmkembM tasks consisting of sequencing false-belief
stories (Langdon et al. 1997), inferring intentig@®rcoran, Mercer, & Frith, 1995; Sarfati & Hardy-
Baylé, 1999), understanding metaphors in proveBréne & Bodenstein, 2005) and understanding
humorous pictures (Corcoran, Cahill, & Frith, 1998ge Briine, 2005 for a review and Sprong,
Schothorst, Vos, Hox, & Van Engeland, 2007 for davanalysis).

One of the most widely employed tasks in the Taférature on schizophrenia consists of
attributing intentions behind indirect speech (nie “Hinting Task” designed by Corcoran et al.,
1995). In an example of the items presented topfmticipant, a character, Paul has to go to an
interview and he is running late. While he is ciagrhis shoes, he says to his wife, Janevant to
wear that blue shirt, but it's very creastd he participant is then askedWhat does Paul really
mean when he says this? relational responding interpretation of thesk would be as follows: in
order to infer the intention of the character, gagticipant must change perspective and thus derive
deictic relations between I-YOU, HERE-THERE and NGQWEN, that is, ff | were that character

(I-You) in that particular place (Here-There) antithat moment (Now-Then), | would intend to...

The role of social anhedonia in the developmenrtad impairments

According to a growing body of literature, specificnensions of personality are linked to the
development of schizophrenia. In particular, sctyigg is a personality construct based on sub-inic
manifestations of characteristics of schizophrgimaluding impulsive non-conformity, perceptual
aberration, magical ideation, physical and soaiddeglonia -Chapman, Chapman, & Kwapil, 1995-).
When a young person presents this profile (i.egae above two standard deviations on schizotypal
dimensions), the risk for the development of a zmbiirenic spectrum disorder is considerably
increased (Chapman, Chapman, Kwapil, Eckblad, &&in1994; Gooding, Tallent, & Matts, 2005).
In line with the augmentation of the symptoms’ séyebetween schizotypy and schizophrenia, subtle

ToM impairments have been observed in non-clinpggulations scoring high on schizotypy scales



(Langdon & Coltheart, 1999; Platek, Critton, Mye®sGallup, 2003; Irani et al2006).

Among the dimensions of schizotypy, social anheaomihich is characterized by social
disinterest, withdrawal and a lack of pleasure fremgial contact (Eckblad, Chapman, Chapman, &
Mishlove, 1982), appears to be a major factor dhenability to schizophrenic spectrum disorders
(Kwapil, 1998; Gooding et al., 2005), even wherisinot associated with the other dimensions of
schizotypy (Horan, Brown, & Blanchard, 2007). Aatioig to RFT and to previous research in the
field of cognitive psychology (Bartsch, 2002), iiting mental states is learned through social
interactions. Since high social anhedonia is aasediwith a lack of contact with others (Brown,
Silvia, Myin-Germeys, & Kwapil, 2007), we argue thhis personal characteristic could be a cause of
ToM impairments of people with schizophrenia. listassumption is true, young people with a high
level of social anhedonia should present a sul#fecitlin ToM, which might precede more severe

difficulties when the illness arises.

The current study aimed to examine whether ToM impents are linked to social anhedonia
and whether such impairments could be accountedinfalerms of deficits in deictic relational
responding. To that end, first, participants wiilghhsocial anhedonia and age/gender/intelligence
matched controls will be exposed to a traditionaMTtask consisting of attributing intentions behind
indirect speech (modelled on the “Hinting Task”@drcoran et al., 1995). Poorer performance of
these participants would support the predictiont @M deficits in schizophrenia might be usefully
understood as a by-product of social anhedoniaorgkd¢he perspective-taking protocol (developed by
McHugh et al., 2004b) will be employed in orderasess the level of deictic relational responding
associated with high social anhedonia. If poorafgomance on the perspective-taking protocol is
observed in the high social anhedonic group, aadiifk emerges between the scores on the two tasks

in the whole sample of participants, this wouldEupthe RFT interpretation of ToM.



METHOD

Measures

The Revised Social Anhedonia Scale (SAS) (Eckbtaal.e 1982) is a true-false self-report
guestionnaire that measures social withdrawalcladé interest in social relationships and/or &«lat
pleasure derived from interpersonal relationshifih W0 items such ad sometimes become deeply
attached to people | spend a lot of time Witkeyed false) or If given the choice, | would much
rather be with others than be aldngeyed false).

One thousand two hundred and fifty five first-ygmychology students participated in the
study by completing the SAS. Thirty participantosbn randomly among individuals with a high
score (i.e.: scoring at or above two SD’s from thean of the same sex sample) constituted the
experimental group. Thirty participants chosen canly among individuals scoring not higher than
0.5 SD from the mean of the same sex sample weaimed to constitute the control grdufxclusion
criteria included any head injury or psychiatrloglss and French as a second language.

Although ToM impairments have been observed in zthipy and schizophrenia after
controlling for effects of 1Q, intellectual compatées seemed to have an influence on ToM
performance in several studies (see Sprong eR@D7). ThusRaven's Progressive Matrices were
employed to assess intellectual competencies ofhellparticipants selected for the experimental

protocol in order to examine the effect of socia@hedonia independently from general intelligence.

Participant$

Experimental group: 10 males and 20 females. Agegead from 18 to 21 years (mean 19.33
years; SD: 0.8). Mean score on the SAS: 22.07 (&D6). Mean score on Raven’s Progressive

Matrices: 48.7 (SD: 4.47).

! The inclusion criteria for the constitution of tyyooups were the same as those of most of theestunti social
anhedonia and schizotypy (see for instance Chaphah, 1994; Collins, Blanchard, & Biondo, 2005dé&ing
& Tallent, 2003; Gooding, Kwapil, & Tallent 1999; Gooding et al., 2005 ; Horan et al., 208Wapil,
1998; Tallent & Gooding, 1999).

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



Control group: 10 males and 20 females. Ages rafrgaad 18 to 22 years (mean 19.27 years;
SD: 1.05); there was no significant difference ge @etween the experimental and control group:
t(58)=0.28,P>.05). Mean score on the SAS: 7.13 (SD: 1.17). Mgeore on Raven’s Progressive
Matrices: 48.6 (SD: 4.37); there was no significdifterence between the experimental and control
group:t(58)= 0.03P > .05).

No significant correlation emerged between partiotp scores on the SAS and scores on
Raven’s Progressive Matricas< .08,P>.05).

All the participants took part in the study to mpatt of their course requirements

Procedure
The two experimental tasks and Raven’s Progreddiagices were presented individually
with the entire protocol lasting approximately 6(nutes. The presentation order of the tasks and

Raven’s test was counterbalanced.

Task 1 (ToM):The ToM task was modelled on the “Hinting Task"Gxdrcoran et al. (1995),
because it is one of the most widely employed taskbe ToM and schizophrenia research area. In
addition, and in contrast to many other ToM tashks, Hinting Task has strong ecological validity.
That is, certain experimental tasks have proveitieftt in discriminating between schizotypal
individuals, those diagnosed with schizophrenia@trol participants, however, many of these tasks
lack sense in everyday life. The “Hinting Task” dngorates events that often happen in everyday life
therefore, it is likely that performance on thiskanay reflect more accurately an ability to inteera
with others than performance on other tasks thatie, for example, interpreting comic strips.

The ToM task contains 20 short scenes read randtmilye participant. Each scene involves
an interaction between two characters and thecgaatit must guess what they really want to say. A

complementary cue was also provided to the paatitgpafter their first answer.



For example:

“John has been on the phone with his friend for aveinour. John says: ‘My mother ought to
call me in few minutes’
Question 1What does John really mean when he says this?
Cue:John says: ‘I could call you back tomorrow’.

Question 2What does John want to do?”

Correct responsdohn wants to hang up the phone.

Each scene was evaluated from O to 3 points (2¢@n a correct first answer and 1 point for
a correct second answer). Participants’ respongge wvaluated independently by three different
blind experimenters (for each response, points wgriduted to the majority of the experimenters).

As in the Corcoran et al. (1995) task, a cue asdcand question was added to each scenario
in order to avoid high failure rates from partigipgwho found the task difficult (thus avoidinglaeok
effect). But in contrast to the original task, tenplementary cue was provided across all taslen(ev
after a correct first answer) in order not to iefige participants’ answers during the experimeinits T
procedure was employed in order to provide a moocarrate assessment of participants’ spontaneous

responses.

Task 2 (deictic relational respondingdn E-Primé& (version 1.1) program was compiled in

order to present the protocol designed by McHughlef2004b) to the participants on a Personal
Computer with a 660 MHz processor, a 15-inch cotanitor and a numeric pad. All trials in the
program were presented in French (black lettens, 26). The task included a set of 62 trials (two
guestions per trial). Trials differed based on twctic relation they tested for (I-YOU, HERE-
THERE or NOW-THEN) and the level of relational cdepty (simple, reversed and double reversed
relations) involved. These combinations were preskacross eight trial-types (see appendix for full

protocol).
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The first three trial-types corresponded to eiglatld of simple relations: two I-YOU, two
HERE-THERE and four NOW-THEN. The NOW-THEN trialgy differs from the other two simple
trials because, although the relational frame W¥OU is present, it does not involve responding to |
and YOU simultaneously. This procedural modificatie necessary because in the frame of NOW-
THEN, the target relations become unspecified whamd YOU relations are combined. For example,
in “Yesterday | was watching television, today you raading, what | am doing today and what
YOU did yesterday is not specified. Thus, simpleWOHEN was presented with | and with YOU
separately and that is why simple trial types doethfour NOW-THEN trials.

There were 36 reversed trials with three trial-szpeight I-YOU, 12 HERE-THERE and 16
NOW-THEN. As for simple trial-types, | and YOU wepeesented separately with NOW-THEN, so
there were two times more trials for NOW-THEN tHan I-YOU. There were four additional trials
for HERE-THERE than for I-YOU because four triate associated with only |, four with only YOU
and four with I and YOU simultaneously. All theseegautions were taken in order to assess specific
performance on each frame and on each level dfaeéd complexity.

Finally, there were 18 double reversed trials witb trials types: I-YOU/HERE-THERE and
HERE-THERE/NOW-THEN. Once again, the trial typeatwing NOW-THEN contained two times
more trials than the other one: there were six WWI@ERE-THERE and 12 HERE-THERE/NOW-
THEN trials.

The participant was instructed that s/he could @andwy means of pressing either of the two
activated keys of thaumeric pad relevant to the task. Both accuracgsrand response times were
recorded (with longer response times predictedetftect poorer performance). The recording was
conducted as follows: Once the participant had teadirst statement (exampld: Have a red brick
and you have a green brick. If | was you and yorewee”), s/he had to press the key “Enter”. Then,
the question and the two allowable responses appeaar screen (exampleéWhich brick would you
have? Green brick/Red brick). Response times were medrbetween the participant pressing
“Enter” after having read the first statement arglher response by pressing one of the two activate

keys. No feedback was given after the participaetdponse. The trials were presented randomly.
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RESULTS

ToM task

The mean rate of accuracy was very high for bothujgs, but more notably in the control
group (0.94versus0.86 for the experimental group). These data vesr@ysed using & test and
revealed that the difference between the two growps significant t{(58)= 4.56,P<.001). An
ANCOVA was conducted with the score on Raven’s &ssa co-variate. The effect of group remained
significant £=20.48,P<.001) and the effect of the score on Progressiagribks was not significant
(F=0.03,P>.05). These results show that the difference betvitbe two groups was independent of
level of intellectual competencies. The mean rdtamelioration (a correct second answer after an
incorrect first one) was 0.57 for the experimeptatticipants and 0.67 for the controls. This didfece
was not significant t(58)= 0.93,P=.35), indicating that participants from both greupenefited
equally from additional cues to correct their nke® To summarise, though they were able to
respond correctly to the majority of the questiand to improve their performance after receiving an
additional cue, high social anhedonic participamse less accurate than controls when inferring the

intentions of the characters.

Deictic relational responding task

Accuracy

The percentage of accuracy was calculated for @achcipant. These results were then
grouped by SAS level and trial-type and are preskeint Figure 1. The data indicated that, across the
whole sample of participants, the rate of accurdegreased as a function of relational complexity.
The rate of accuracy was similar in both groupstfiersimple trials. The high social anhedonic group
produced slightly more errors than the control gram reversed I-YOU and HERE-THERE trials,
while almost the same rate of accuracy was obsdordate two groups on reversed NOW-THEN. On
double reversed trials, the difference betweenttltegroups was more evident, with the high social
anhedonic group demonstrating almost two times neorers on I-YOU/HERE-THERE trials and

40% more errors on HERE-THERE/NOW-THEN trials thlaa control group.
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INSERT FIGURE 1 ABOUT HERE

A 2 x 8 mixed repeated measures multivariate aralp$ variance (MANOVA) with the type
of participant (lowvs. high score on the SAS) as the between subjecablariand trial-type as the
within subject variable and with accuracy and resgotimes as the two dependent variables was
employed. The main effect of group was significAMilk's F(2, 57)= 3.16,P=.05). There was a
significant main effect of trial-type (Wilk's(14, 45)= 29.91P=.000). The interaction between group
and trial-type was also significant (Wilki5(14, 45)= 3.85P=.000), indicating that the two groups
were differently affected by the type of perspestigking tested.

Univariate analysis of the mean rates of accuraggaled a significant main effect of group
(Wilk's F(1, 58)= 6.41,P=.01). The main effect of the trial-type was sigraht (Wilk's F(7,
406)=61.88,P=.000). The interaction between group and triaktyyas also significant (Wilk'§(7,
406) = 4.64P=.000), indicating that there was a difference leetvthe two groups on accuracy as a
function of the type of perspective-taking tesfEdough no difference appeared between the score of
the two groups on Raven'’s test, an ANCOVA was cotetlito examine if the effect of the type of
group remained significant. The results of thislgsia revealed a significant effect for group type
(F=2.99,P=.01) and no significant effect of the Raven’s testre F=1.04,P=.42). Thus, general
intellectual competencies did not influence accyi@tthe perspective-taking task.

Planned comparisons were conducted between thgroups and across the eight trial-types
(using Bonferroni corrections to control for Typertors). These tests revealed that the experimenta
participants were significantly less accurate thantrols on double reversed I-YOU/HERE-THERE
trials, t (58) = 3.16,P = .02; the difference on double reversed HERE-THEROW-THEN did not
reach significancet (58) = 2.12,P = .27. No significant difference appeared on amgpte and
reversed trials at the .05 level. To summarisetigipants who scored highly on the SAS produced
more errors than controls at the highest leveetational complexity involving the frame of I-YOU.

Another series of planned comparisons was conduitteanalyse the effect of relational
complexity in both groups. Experimental particigamtere significantly less accurate on reversed I-

YOU than on simple I-YOUt (29) = 3.19,P = .02, whereas controls were equally accurateath b
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levels of complexityt (29) = 0.10,P >.05. The two groups of participants were lessugte on
reversed HERE-THERE than on simple HERE-THERKE29) = 5.89,P = .000 for experimental
participants and (29) = 4.53,P = .000 for controls. Finally, the two groups wdees accurate on
reversed NOW-THEN than on simple NOW-THEMN:(29) = 4.01,P = .01 for experimental
participants and (29) = 3.74,P = .01 for controls. These results indicate a gantmdency for
performance of all participants to decrease apénspective-taking required becomes more complex.
Nevertheless, the pattern of responses in accoedaiib the interpersonal deictic frame was not the
same in the two groups. No comparison was conduméseen the reversed and the double reversed
and between the simple and the double reversddyipies because relational complexity and relation
type cannot be separated in these comparisonseXgonple, when comparing simple I-YOU with
double reversed I-YOU/HERE-THERE trials, any efféwt would emerge could be due to relational
complexity (simpleversusdouble reversed) or to the type of relation (I-Y@ldneversusl-YOU
combined with HERE-THERE).

Because accuracy rates of 0.5 in a two-respongeqmiocan be interpreted as chance level
responding, the proportion of each group’s paréinip whose scores were over 0.67 was calculated.
These proportions were not significantly differérgtween the two groups for simple and reversed
trial-types but were superior in the control grdapdouble reversed I-YOU/HERE-THERE: 70% for
controlsversus37% for experimental participantg?(1)=6.7,P<.01). Though 50% of the controls
obtained more than 0.67 of accuracy on double se¢eHERE-THERE/NOW-THENersusonly
33% for experimental participants, this differeneeas not significant y(1)=1.71, P>.05).
Furthermore, the proportion of participants whoredaunder 0.67 on double reversed I-YOU/HERE-
THERE and HERE-THERE/NOW-THEN was inferior in thentrol group (20%vs. 57% for the
experimental groupi?2(1)=3.77,P=.05). These results show once again that expetahparticipants
produced more errors than controls on the highesdl lof relational complexity but the difference
between the two groups was more important on dowdlersed I-YOU/HERE-THERE, which is

consistent with the previous analyse of variance.

14



Response timés

Response times results are presented in Figuréegseldata indicate that the response times
of the two groups were very close across all tyipes. In general, the response times increased as

function of relational complexity.

INSERT FIGURE 2 ABOUT HERE

Univariate analysis of response times revealed igoificant effect of the type of group
(Wilk's F(1, 58)= 0.04,P=.85), a significant main effect of trial-type (W# F(7, 406F 87.11;
P=.000) and no significant interaction between ymetof group and trial-type (Wilk'§(7, 406) =
1.8, P=.09), indicating that the trial-type did not diféatially affect the two groups of participants
response times.

Planned comparisons were conducted across leveddational complexity (using Bonferroni
corrections). These analyses revealed that alicp@ahts were faster on simple than on reversedt tri
types: simple I-YOU/reversed I-YOW,(59) = 8.38P=.000; simple HERE-THERE/reversed HERE-
THERE,t (29) = 13.61P=.000; simple NOW-THEN/reversed NOW-THEN29) = 11.66P=.000.

Response times on the perspective-taking task alicaorrelate with accuracy on any of the
trial-types in the whole sample of participantsr far each group when examined separately. These
results indicate that the time taken to respondatmever affected accuracy in any direction aatl th
on almost all of the trial-types, better performaadal not lead to faster responses.

In addition to response times, we calculated thee tspent on screens presenting the first
statement of each item (ex:Have a red brick and you have a green brick.viieke you and you were
me”) in order to examine if the two groups requiredifferent amount of time to read this instruction
In line with the variation of the first statememngth across the different trial-types, univariate
analysis of these results revealed a significanhratiect of trial-type £(7,406)=70.67P=.000), no

significant effect of the type of group (WilkB(1, 58)= 1.37P=.25) and no significant interaction

% Response latencies that exceeded two SD’s abeven¢fan were removed from statistical analyses. Mexye
the exclusion of these data had no effect on #iésstal analyses of response times.
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between the type of group and trial-typ€4,406)=1.07P=.38), indicating that the two groups did not

differ in the amount of time they spent readingfite statement of the trials.

SAS score / ToM, deictic relational responding

In order to determine whether individual SAS scomepacted on ToM and/or deictic
relational responding performance, correlation ysed were conducted. Across the whole sample of
participants, higher scores on the SAS combinerifgigntly with lower accuracy on the ToM task (
= -.59,P<.01) and on the double reversed I-YOU/HERE-THER&-type of the perspective-taking
task ¢ = -.37,P<.05). Response times in the perspective-takingdasnot correlate with SAS scores.
To summarise, the correlation analyses betweelrcipants’ scores on the SAS and performance on
the two experimental tasks were consistent withathelysis conducted earlier: a high level of social
anhedonia was associated with poorer accuracy di @&od on the higher level of relational

complexity involving the interpersonal deictic fram

Link between ToM and deictic relational respondiegformances

A series of correlation analyses were conductedvdet performances on ToM and
perspective-taking tasks (using Bonferroni cormig) in order to examine the overlap between
deictic relational responding and attribution dkimtions. The results revealed that accuracy, but n
response times, on deictic relational respondingevassociated with accuracy on ToM. Accuracy on
the ToM task correlated significantly with the foszore on the deictic relational responding task
across the whole sample of participants-(.63,P<.01). Performances on these two tasks were also
significantly associated for the experimental grgup .62,P<.01) and there was a similar tendency in
the control groupr(= .47,P=.10). In order to avoid multiple testing effects Bype | error, the trial-
types were then regrouped as a function of relatioamplexity. In the whole sample of participants,
the score on the ToM task was significantly asdediavith the score on reversadH .4, P<.05) and
double reversedr (= .54,P<.01), but not on simple trial-types € .15,P>.9). In the experimental
group, only the double reversed trial-types wegnificantly associated with ToM accuraay< .48,

P<.05). In the control group, no correlation reackaghificance. In order to examine the prediction
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that reversing deictic relations is required taeirnthe intentions of others, a linear regressiaalyais
was carried out with ToM performance as dependantible and mean accuracy on all trial-types
involving changing perspective (i.e., reversed aulible reversed trial-types) as independent
variables. The model was significant and explai2@h of the varianceP&.000), thus indicating that

accuracy in reversing deictic relations was a gtqoredictor for ToM performance.

DISCUSSION

ToM in social anhedonia

In line with the prediction that there is a linktlween social anhedonia and ToM deficits, it
was expected that participants with high SAS scaresld demonstrate low accuracy on tasks that
involve inferring the intentions behind direct sgleeThis prediction was supported by the data;
participants with a high social anhedonic profilera/ not as accurate as controls when they were
required to say what the characters of the shortestreally intended. Though the difference betwee
the two groups was very small and participants withigh social anhedonic profile appeared to
answer correctly the majority of the questionsséhslight difficulties are in line with the subtle
impairments reported in the literature on ToM imsadinical population presenting similarities with
schizophrenia (Langdon & Coltheart, 1999; Platelalet 2003; Irani et al 2006). Consistent with
studies that have shown poor ToM to be associat#ld megative symptoms of schizophrenia
(Corcoran et al., 1995; Langdon et al., 1997; MageaRisio, Surian, Roncone, & Casacchia, 2001),
the results of the present study underline theat@mhedonia dimension (i.e., one of the negative
symptoms of schizophrenia) for the understandinga¥l impairments in schizophrenia. However,
whether impairment in inferring mental states ressfilbm or is the cause of social anhedonia remains
uncertain (also, other factors could influence ¢hiwgo variables). For example, one could argue that
difficulties in understanding others lead to a limterest for social contact. Actually it is liketiat
both factors interact especially when the impairiianToM becomes severe, as in schizophrenia.

That is, if a person who lacks interest for soc@@ntact presents important difficulties in
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understanding others, his/her attempts to commtaigdaght be ineffective and as a consequence

his/her level of pleasure provided by social intécas will decrease even more.

Because we did not assess other dimensions ofatgpy in our sample of participants, it is
possible that these presented other similariti¢is 8chizotypal people (for example, magical idegtio
that could be also factors influencing the diffexes observed between the two groups. Nevertheless,
as discussed earlier, recent studies demonstiaatad thigh level of social anhedonia, even whés it
associated with a low level of magical ideatiomstdutes a strong predictor for the development of
schizophrenic symptoms (Horan et al., 2007). Thasenising results suggest that future studies
should not focus only on schizotypy to understahd tlevelopment of schizophrenia and the
deterioration of ToM abilities from sub-clinical winical condition. A greater consideration to the
implications of the social dimension should rathergiven, even in populations who do not present

the other characteristics of schizotypy.

Deictic relational responding in social anhedonia

As discussed earlier, RFT suggests that ToM ailiire underpinned by perspective-taking
skills conceptualized in terms of deictic relatibfi@ming (Barnes-Holmes et al., 2001). Thus, if
participants scoring high on the SAS were impaire@oM (which was demonstrated by the current
results), according to RFT it should follow thagyhwould also demonstrate poorer performances than
controls on a deictic framing task. The resultsficored this prediction, revealing that experimental
participants were significantly less accurate tltamtrols on the most difficult level of deictic
relational complexity (i.e. double reversed trigbes). Though a level of variability was observed i
the two groups for double reversed trial-types, itigority of the experimental participants were
unable to score at better than chance level respgma the two double reversed trial-types, whereas
this proportion was only 0.2 in the control group.addition, performance on these two double
reversed trial-types correlated significantly wAS score. No difference was expected on simple
perspective-taking since no modification of perspecis needed at that level, which was confirmed

by the results. Experimental participants were @umate as control group participants in judging
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reversed perspective-taking questions, suggediatgmpairment on perspective-taking skills appears
only at a relatively high level of complexityThus, in high social anhedonic individuals thes¢h
deictic frames seem to be in place but not thaldlexepertoires in responding to them. In cornttas
our prediction, the type of participant group didt mffect differentially the response times. One
possible explanation for this result is that reggotime is not an appropriate way to discriminate
between non-clinical adults. However, it is intéirggto note that, as experimental participantsraitl
respond faster than controls, impulsivity cannatoant for their poorer performance.

One could argue that the poorer performance ofrarpetal participants is due to the length
of the sentences in the double reversed perspdetugy. In deed, memory impairment observed in
the schizophrenic spectrum (Heinrichs & Zakzan®98t Jashan & Sergi, 2007) could alter the ability
to respond to longer items (a similar predictiors\vaéso discussed in McHugh et al., 2004b, as poorer
performance on double reversing was observed iry¢liagest participants). But the introduction of
the items remained on screen when participants vesgonding, allowing participants to read it as
many times as they needed. In addition, no diffezemas found between the two groups on the time
spent to read the introduction.

RFT predicted that accuracy would be lower as &tfan of relational complexity for the
whole sample of participants, because reversedndiusimple, levels require changing perspective.
The results (accuracy and responses times) wersistent with that prediction; all participants
performed better on simple than on reversed petispeiaking, except controls, who were as accurate
on reversed I-YOU as on simple I-YOU. This lastrids interesting because, even if there was no
significant difference between experimental andtr@rparticipants on reversed I-YOU trial-types, it
suggests that people with a high social anhedawidgfound it more difficult to take the perspivet

of another whereas controls did not. In additidre tlifference between the two groups appeared

* These results suggest that social anhedonic peoplable to reverse one relation but begin to kiiffieulties
when the complexity increases. Interestingly, Riglfet al. (2007) observed that children with AS&fprmed
poorer on reversed than on double reversed tiidls, authors argued that children might not haveparded
relationally on the highest level of complexity ajudt repeated the first sentence of the statenhermtontrast,
the lower rate of accuracy of our experimental ipgrdnts on double reversed suggests they did nespo
relationally.
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significant only on the higher level of relatiorsmplexity involving the frame of I-YOU Thus, the
findings from the current study indicate some abwadities in high social anhedonic participants
when responding in accordance with the interpetstiatic frames. Such difficulties in interpersbna
perspective-taking are highly compatible with séisdoy Langdon and Coltheart (2001) and Langdon,
Coltheart, Ward, and Catts (2001) showing that zathpal people and people with schizophrenia
have impairments in allocentric simulation, a céyao imagine the appearance of an object under a
rotation of the viewer (as opposed to egocentrniwukation which refers to the capacity to imagine th
appearance of an object under a rotation of theothjin our perspective-taking task, trial-types
involving I-YOU can be considered as requiring edotric simulation (because, as Langdon and
Coltheart wrote, the participant needs to recounstanother first-person experience of an objedt tha
remains fixed within a world-centred frame of reiece) whereas egocentric simulation might be
needed in HERE-THERE and NOW-THEN trial-types (heseathe participant needs to reconstruct
another first-person experience of an object tianges relative to the fixed self-referential view-
point).

This set of findings lead us to suggest that sardledonia might be specifically responsible
for the development of difficulties in adopting tiperspective ofanother Because individuals
presenting this profile engage in fewer socialratéons, they lack training in taking the perspect
of others. In line with this assumption, data frdewvelopmental studies showed that ToM skills of
children are linked to the number of social intéats and role-plays they engage with (Bartsch,
2002; Taylor & Carlson, 1997; Taylor, Carlson, Mayi Gerow, & Charley, 2004). Though the
current study was designed only in the purposesséssing performance without any manipulation of
the environment, the data support the idea thastark of exposition to social interactions is icd
to the development of interpersonal deictic framifigis might have considerable implications for the

remediation of ToM deficits in schizophrenia. Tigtrole-plays included in rehabilitation programs

® We observed consistent results with the samegjjzatits in a deictic relational responding task theolved
attribution of beliefs. The participants with higlecial anhedonia were less accurate in beliefbation to
another than in self attribution whereas no diffieeewas found as a function of attribution-typedamtrols (in
preparation).
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for patients with schizophrenia might be refined taygeting deictic relational responses more

precisely and by taking into account the levelaxfial anhedonia of those patients.

ToM and deictic relational responding

The results of the current study supported the B§Sumption that one’s ability to infer the
intentions of others is linked to relational resgioig under the control of deictic relational framks
deed, we observed a significant correlation betwmsformances on the ToM task and on the RFT
perspective-taking task in the whole sample ofigigeints, which suggests a strong and consistent
association between the abilities assessed by tinesdasks. More precisely, it appeared that the
reversed and the double reversed, but not the sjril-types were significantly correlated witret
ToM task. From an RFT view, it is not surprisin@ttisimple perspective-taking was not associated
with ToM performance, since our task consistednéérring the intentions obthers which always
requires adopting a different perspective. Furtleanin line with RFT conceptualization of ToM
abilities according to which deictic framing undasp inferring intentions of others, accuracy in
reversing deictic relations appeared to be a stymeglictor for performance on thdinting Task
These findings lead us to suggest that trainindeictic framing might improve performance on this

traditional ToM Tasks, as Weil (unpublished) dentated with false-beliefs tasks.

CONCLUSION

The findings of this study corroborate recent &sidch the field of RFT by showing that social
anhedonic people are impaired in ToM and also perfgoorly on deictic relational tasks.
Furthermore, people’s ability to infer mental ssateas strongly predicted by performance on deictic
relational responding across the whole sample dfggzants. In addition, this study underscores the
role of the social dimension in the ability to resd in accordance with deictic relational frames.
Further research must be conducted to examineisf the lack of social experience linked to this

dimension that is more specifically responsible thog development of difficulties in attribution of
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mental states. One way to test this predictiornisigsess deictic framing in individuals presenting

social withdrawal in spite of their interest forcsd contact, such as people with severe sociakanx
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Appendix: Full perspectivetaking protocol

SIMPLE TRIALS

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

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

Simple HERE-THERE:

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

I 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 I have? Which brick would YOU e

| have a green brick and you have a red brickwi&$ you and you were me
Which brick would YOU have? Which brick would I\e®

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

I have a green brick and you have a red brickwia$ you and you were me
Which brick would | have? Which brick would YOU e
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| am sitting here on the black chair and you attingithere on the blue chair.

were me.
Where would YOU be sitting? Where would | be sd®

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

were me.
Where would | be sitting? Where would YOU be sd®

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

were me.
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.
Where would YOU be sitting? Where would | be sgfin

Reversed HERE-THERE:

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

there was here.
Where would YOU be sitting? Where would | be sd®

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

there was here.
Where would | be sitting? Where would YOU be sifin

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

there was here.
Where would | be sitting? Where would YOU be sif?

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

there was here.
Where would YOU be sitting? Where would | be sigfin

If I was you and you

If I was you and you

If | was you and you

If | was you and you

If here was theré an

If here was theré an

If here was theré an

If here was theré an

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

there and there was here.
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.
Where would | be sitting then? Where would | b&rggtnow?

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

there and there was here.
Where would | be sitting then? Where would | d&rsg now?

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

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

Yesterday you were sitting there on the blue ch@ffay you are sitting here on the black chainelfe

was there and there was here.
Where would you be sitting now? Where would yousibing then?

Yesterday you were sitting there on the blue ch@tfay you are sitting here on the black chainelfe

was there and there was here.
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Where were you sitting then? Where would you gjttiow?

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

Reversed NOW-THEN:

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

Yesterday | was reading, today | am watching telewi. If now was then and then was now.
What would | be doing now? What would | be doingrtf

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

Yesterday | was reading, today | am watching tslewi. If now was then and then was now.
What would | be doing then? What would | be doiogv

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

Yesterday you were reading, today you are watctglayision. If now was then and then was now.
What would you be doing then? What would you bexgaiow?

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

Yesterday you were reading, today you are watctglayision. 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 chanlafol am sitting here on the black chair. If nowswa
then and then was now.
Where would | be sitting now? Where would | beirsittthen?

Yesterday | was sitting there on the blue chaulatol am sitting here on the black chair. If nhowswa
then and then was now.
Where would | be sitting then? Where would | b&rgj now?

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

Yesterday | was sitting there on the black chaidaly | am sitting here on the blue chair. If nowswa
then and then was now.
Where would | be sitting then? Where would | ligrgj 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 yosikang now?
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Yesterday you were sitting there on the blue chadtay you are sitting here on the black chainokiv

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

Yesterday you were sitting there on the black cliagtay you are sitting here on the blue chainolv

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

Yesterday you were sitting there on the black cliagtay you are sitting here on the blue chainolv

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

DOUBLE REVERSED RELATIONS

I-YOU/HERE-THERE:

| 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 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 | be sitting? Where would YOU be sifin

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 | be sitting? Where would YOU be sifin

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 YOU be sitting? Where would | be sigfin

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 sgfin

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 | was you and you

If | was you and you

If I was you and you

If I was you and you

If I was you and you

If I was you and you

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 then? Where would | b&rggtnow?

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

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

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

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

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 ardvias now.
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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 amdwias now.
Where would | be sitting then? Where would | bérgithnow?

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 amwas now.
Where would | be sitting now? Where would | beisittthen?

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 thettham was now.
Where would you be sitting then? Where would yosibdeng now?

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 thettham was now.
Where would you be sitting then? Where would yosibteng now?

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 be you sitting now? Where would yousiténg 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 theétham 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 thettham was now.
Where would be you sitting now? Where would yousibting then?

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

was there and there was here and if now was the:tham was now.
Where would be you sitting now? Where would yousibeéng then?
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Mean response time (ms)
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FIGURE CAPTIONS

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

types of the deictic relational responding task

Figure 2

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

deictic relational responding task
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