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Abstract

Current study examined multivariate relationshipstween impulsivity, time perception,
gambling behavior and co-variates as age, gendeca¢éion and nationality. Impulsivity, time
perception and risk for pathological gambling (P&&gs assessed in 3500 participants aged
between 15 and 74 years (150@&n and 2024 woman, 2455 Estonians and 1075 namiBst
residents of Estonia) with different educationatl aocio-economical background. Participants
completed the South Oaks Gambling Screen (SOGShhanchodified Impulsive Behavior Scale
(mUPPS). Time Production Task (TPT) was presentedalt participants. As the result,
impulsive subjects tend to perceive time intervass shorter and they under produce time
intervals more than self-controlled subjects. Imspuity was associated with PG to the extent
that this association can be interpreted as cdusgat is not mediated by time perception as was
hypothesized.

Keywords:impulsivity, time perception, problem and pathotadigambling, SEM
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IMPULSIIVSUS JA AJATAJU PATOLOOGILISE HASARTMANGIMI ~ SE
ENNUSTAJATENA

Kokkuvote

Kéaesolev uurimistod keskendus impulsiivsuse, ajafaj hasartmangimise vaheliste seoste
uurimisele ning soo, vanuse, rahvuse ja hariduge hifidamisele nendes seostes. Kokku osales
uuringus 3500 Eesti elanikku vanuses 15 — 74 aagdim oli esinduslik Eesti elanikkonna
suhtes hdlmates erineva sotsiaal-majandusliku danstg haridustasemega inimesi. Valimi
moodustasid 1506 meest ja 2024 naist, kellest 2485eestlased ning 1075 mitte-eestlased.
Uuringus osalejad vastasid personaalintervjuudgusiihasartméangimisega seotud kaitumist
hindavale sdeltestileSputh Oaks Gambling Scree80OGS) ja modifitseeritud impulsiivse
kaitumise kusimustikule (MUPPS). Lisaks viidi kdigiringus osalejatega labi ajataju hindamise
eksperiment. Uuringu tulemustest selgus, et impglsmad inimesed kalduvad aja
produtseerimise Ulesandes produtseerima ettearjasl Hihemaid ajaintervalle, mis viitab
subjektiivse aja kiiremale kulgemisele. Samuti iiklinnitust, et probleemse ja patoloogilise
hasartmangimise riski ennustab kérgem impulsiivsiase. Hupotees, et impulsiivsuse moju

mangurluse valjakujunemises on vahendatud ajatalt,pei leidnud kinnitust.
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Introduction

Impulsivity plays an important role in understargliand diagnosis of healthy/adaptive as
well as disturbed/non-adaptive personality and oeeriforms of psychopathology (Moeller,
Barratt, Dougherty, Schmitz, & Swann, 2001). On¢hef mechanism by which high impulsivity
may relate to other traits and forms of psychopatiois altered time perception. Research has
shown equivocal associations between impulsivityd @&mme perception. Likewise, time
perception has been shown to have inconsistentciagens with different cognitive and
affective factors and psychopathology, especiallglinical samples. The main objective of this
study was to attain clearer understanding on howulsivity and time perception might be
related to one another and to one form of psyclhmpady: pathological gambling. There appear
robust associations between impulsivity and patjiodd gambling. Here we tested the
hypothesis that the impulsivity-gambling assocmtionight be mediated by individual

differences in time perception.

Impulsivity

A plethora of conceptualizations of impulsivityigtx varying in the research paradigm of
origin (e.g. theories and models of personality #&mperament, the information processing
perspective, the neuropsychological, physiologarad also psychopathological perspective of
impulsivity) and research methods that have beed ts uncover the essence of that construct
(e.g. self-report measures, laboratory behavioedsures). As a result there is a lack of common
understanding on how to define and measure imptysihere appear inconsistencies in labeling
the differences and similarities in construct canhtey different researchers within and/or across
different theories (Block, 1995; Whitside & Lyna@()01). The notion that the umbrella term of
impulsivity has complicated the research (Whitefdeynam, 2001) and that the construct of
impulsivity thus needs to be revised and clarifreds been confirmed by many researchers.
Impulsivity appears to be multidimensional, muécéted and/or —factorial construct (Dickman,
1990; McDonald, Schleifer, Richards, & de Wit, 20@atton, Stanford, & Barratt, 1995;
Stanford et al., 2009) having different underlyicggnitive, physiological and neurobiological
correlates (Dickman, 1990; Dickman, 2000; Evend®99; Garavan, Ross, Murphy, Roche, &
Stein, 2002; Humphreys & Revelle, 1984; McDonaldhl8ifer, Richards, & de Wit, 2003;
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Newman & Wallace, 1993; Wittmann & Paulus, 2008)t Bie problem is even more complex.
It has been demonstrated that self-report and hetshwneasures of impulsivity are not directly
related, and even among the behavioral measurkesetif tasks measure slightly different and
unrelated aspects of impulsivity (Dougherty, Mashidarsh, & Jagar, 2005; Gorlyn, Keilp,
Tryon, & Mann, 2005; Havik et al., 2012; Reynol@stengren, Richards, & de Wit, 2006).

Whitside and Lynam (2001) have made an efforldafy the multi-faceted construct of trait
impulsivity by analyzing a variety of commonly useelf-reported impulsivity measures within
the framework of the Five Factor Model of Persdga(FFM; McCrae & Costa, 1990) as
embodied in the NEO-PI-R personality questionné@esta & McCrae, 1992). They identified
four distinct personality facets that lead to ingde-like behaviors stating that these four facets
should not be considered variations of impulsivatyt “rather discrete psychological processes
that lead to impulsive-like behaviors” (p.685) aacle of the four components is related to
distinct aspect of personality as described by FBMiency (U) was found to be associated with
the impulsiveness facet, (lack of) premeditationwWRh deliberation, (lack of) perseverance (P)
with the self-discipline and sensation seekingw) the excitement seeking facet of the NEO-
PI-R. As a result, the UPPS Impulsive Behavior &gads created.

Impulsivity and gambling

Impulsivity serves as a predominant etiologic ehtaristic of different conceptual models of
gambling that are based on impulse control (Ameriaychiatric Association, 2000), addiction
(Blume, 1987; Jacobs, 1986; Leeman & Potenza, 2@b#&) obsessive-compulsive spectrum
disorders (Skitch & Hodgins, 2004). From such anicéll point of view, impulsivity plays
important role in understanding and diagnosis tfiglagical gambling (PG).

Pathological gamblers have impaired control ovesirturge to gamble, they engage in
repetitive uncontrolled gambling that leads to @&si destructive consequences in their life.
Currently, thus, pathological gambling is formatigtegorized as an impulse control disorder by
American Psychiatric Association (2000), a progkessnd chronic disorder that encompasses
an unrelenting failure to resist impulses to gamaiel where this “maladaptive behavior
disrupts, or damages personal, family, or vocatipnesuits”.

Even though PG is classified as a disorder of is®icontrol, the evidence is mixed

regarding whether pathological gamblers are monguigsive than controls (Petry, 2001) and
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there are controversial findings as to how traputsivity is related to PG. This might be related
to the conceptual mess that is impulsivity as vesllto high co-morbidity rate of different
psychiatric disorders among PGs demonstrated bgrakevesearchers (Hodgins, Peden, &
Cassidy, 2005; Kaare, Mottus, & Konstabel, 2009tr\ReStinson, & Grant, 2005). In their
comprehensive review, Raylu and Oei (2002) poimnteseveral studies that have demonstrated
impulsivity being a major characteristic in PG. ¢ed, abundant data confirm heightened
impulsiveness being related to severe disturbancgmthological gamblers (Alessi & Petry,
2003; MacCallum, Blaszczynski, Ladouceur, & Nowg007; Steel & Blaszczynski, 1998;
Vitaro, Arsenault, & Tremblay, 1997). Two Estonigambling studies found that heightened
impulsiveness was associated with the degree a@rsadisturbances in pathological gamblers
(Kaare, Mottus, & Konstabel, 2009; Laansoo, 20Qtewise Steel and Blaszczynski (1998)
demonstrated on gamblers in treatment that imptysig related to the severity of gambling
behavior. Rodriguez-Jimenez et al. (2006) have destnated how co-morbidity of two
impulsivity prone psychiatric disorders, patholajigambling and attention deficit/hyperactivity
disorder (ADHD), may contribute to impulsivity deykng on disorder specific impairments.
They found that PGs with a history of childhood ADHhave lower capacity to delay
gratification and less inhibitory control than P@shout such childhood history.

However, Langewisch and Frisch (1998) investigatesl relationship between sensation
seeking, impulsivity, risky behaviors and gambliagd found that pathological gamblers’
sensation seeking and impulsivity scores did natetate with their degree of gambling
pathology. Somewhat consistently, Bagby et al. {20@ported that, relative to the population
norms, pathological and non-pathological gamblexd lkqually high scores on excitement-
seeking, a personality trait akin to sensation-sgekThis suggested that excitement-seeking
characterizes gambling behavior generally rathan fhathological gambling in particular. Based
on a very small sample, Allcock and Grace (198®pred that pathological gamblers were
neither sensation-seekers nor impulsive. On a sawipEstonian gamblers in treatment, it was
found that PGs tended to score higher on exciteisegiting than controls but the effect was not
significant (Kaare, Mottus, & Konstabel, 2009).
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Impulsive behavior and time perception

One of the potential components to be considesednaerlying mechanism for impulsive
behavior could be time perception; more precisabgnitive tempo as the subjective experience
of time (Havik et al., 2012; Wittmann & Paulus, 3)0According to Burns and Lennings
(1998), the notion that impulsivity is somehow asated with time estimation goes back to
Siegman’s (1961) studies with young offenders. &itieen ambiguous results have been
reported and the evidence for impulsivity beingoagged with how people perceive time is not
unanimous.

For instance, Gerbingyhadi, and Pattoi1987) found moderate to low correlations between
various self-reported impulsivity scales and tinmstireation measures. Burns and Lennings
(1998) did not find consistent effects between tiestimation and impulsivity measures in
young and healthy college students. In contrastraBa(1983) found that high-impulsive
subjects under produced time, i.e., produced shome intervals in time-production tasks, thus
suggesting that they have faster cognitive tempo tbw-impulsive subjects. Likewise several
findings from clinical populations demonstrate thiapulsive subjects tend to overestimate
and/or under produce time intervals suggesting theijective experience of time is accelerated
compared to subjects with lower levels of both-sefforted and behaviorally tested impulsivity
(Berlin & Rolls, 2004; Berlin, Rolls, & Kischka, P@; Dougherty et al., 2003; Reynolds &
Schiffbauer, 2004; Wittmann, Leland, Churan, & Raul2007). Most recently, similar findings
with healthy (not evaluated for having psychologiaad/or psychiatric disorders) participants
have been reported by Correa, Trivifio, Pérez-Dyefiassta, and Lupiafiez (2010) and Havik et
al. (2012).

Wittmann and Paulus (2008) have proposed a theakemodel stating that impulsive
individuals perceive time differently than self-tailed individuals because of an increased rate
of accumulated pulses coming from their 'interdatks' (see Fig.2, Wittmann & Paulus, 2008),
which results in overestimation and/or under préidacof interval duration. The cognitive
model proposed by these authors is linked to thentidnal-gate model by Zakay and Block
(1997) but differs in stating that "'mood statesi rdluence the subjective experience of interval

duration in two ways. First, arousal can incredse rate of pulses emitted by a hypothetical



Impulsivity, Time and Gambling 9

pacemaker. Second, increased attention to timgpisosed to open the gate to a central counting
mechanism which leads to accumulation of more gulse

Above-mentioned “mood states” as referred to biynveinn and Paulus (2008), affective and
cognitive factors altering time perception are assil to be dependent on altered internal and/or
external stimuli. For instance altered physiolobaanditions (e.g. sleep deprivation, increase in
body temperature, administration of stimulants)nicél state (e.g. acute stress, personality
and/or psychiatric disorder) and/or environmentarnges (e.g. emotional faces as an external
stimulus evoking emotions) can lead to increasetdisal resulting in impulsive like behavior
(see p.10, Wittmann & Paulus, 2008 for prevalentigical data). These authors also suggest
that attention-related and activation-induced meigms proposed to alter the sense of time
according to their cognitive model of time perceptiand impulsivity are not necessarily
mutually exclusive but could contribute to the ptvexenon of altered time perception in additive
ways. Wittmann and Paulus (2008) also speculatethieadocumented failures to find relations
between impulsivity and time estimation might hawéginated from the relatively normal
variation of impulsivity in healthy subjects thamight not be strong enough to alter the
subjective experience of time” (p.11, Wittmann &uRe, 2008). Experimental results referred
by Wittmann and Paulus (2008) with children and lsdwith ADHD give good reason to
hypothesize that disorder-specific features agatisbility and other impaired attention related
processes for ADHD make the contribution and mightthe reason behind equivocal results
describing the relationship between impulsiveneskteme estimation (see p.10-11, Wittmann &
Paulus, 2008).

Time perception and gambling

Given the implication of timing for impulsivity @nthe possible contribution of the latter to
gambling, it is reasonable to ask how differencesming performance relate to gambling risk.
However, this question has not been systematicaliyressed before. Evidence in gambling
research suggests a range of contextual and ingividifferences as risk factors for gambling
behavior but the relationship between gambling tehand time perception in association with
impulsivity as viewed by Wittmann and Paulus (20883 been ulterior for gambling research.

Gambling behavior has only been considered iniogiab the time perspective construct, an
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individual’s orientation toward the past, presemd &ture, by some researchers (MacKillop,
Anderson, Castelda, Mattson, & Donovick, 2006; y1001).

The current study: impulsivity, time perceptiordaambling

With this study we attempt to shed some light esoaiation between an altered sense of
time, impulsivity and PG. First it is hypothesizéht impulsive subjects tend to perceive time
intervals as shorter compared to self-controllebjexs, i.e. their averaged perceived interval
duration is lower than that of more self-controlijects. Secondly, given the above-described
literature, we hypothesize that the role of impuitgiin the etiology of pathological gambling is
mediated by altered time perception (see Fig.1). WMifealso test the effect and differentiate
impact of co-variates as age, gender, educationratidnality on gambling behavior, time

perception and impulsivity.

Covanates

Figure 1 Working hypothesis about the mediated impact ofuilsipity in etiology of pathological gambling.

Method

Design and participants

The data were collected in the course of prevaleatady of problem gambling “Contacts of
the Estonian residents with gambling” in 2010 (En2@10). The survey sample, representative
to population, consisted in total 3530 resident&stonia, in age range 15-74 yedws £ 45.4,

SD =17.04), men (46.8%) and woman (53.2%), Estoni&ii9¢o) and non-Estonian residents
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of Estonia (32.1%) with different educational amtis-economical background. The subjects
with a TPT (Time Production Taskjesult outside of the +/- 3 standard deviationsn(frthe
mean) range were excluded based on the assump#abthe subject did not understand the task
or was not motivated to follow instructions. Deptie information regarding the relevant
measures is in Table 2.

The interviews were held by 78 trained interviesver face to face manner using CAPI
method (Computer Assisted Personal Interviewindgpe fuestions were displayed on a laptop
screen and the answers were typed directly to tmepater by the interviewee. Participants
completed the South Oaks Gambling Screen (SOGShhanchodified Impulsive Behavior Scale
(mUPPS). In addition a time-production experimeaswresented to all participants.

The fact of including psychological construct meas to prevalence study made some
restraints to the choice of estimation tools andwm of tasks we could use in order to fit in the

available budget.
Measures

Self-reported impulsivity measures

The modified UPPS Impulsive Behavior Scale (mUPR&$ constructed to assess trait
impulsivity with eight comprehensive single itemShort measures have been considered
especially useful in large scale surveys and idistuwith primary interest other than personality
as is the current study (see Konstabel, LonngWstlkowitz, Konstabel, & Verkasal@012 for
more theoretical assumptions in using and developwfeshort scales).

In constructing the mUPPS two measures, the URR&ulsive Behavior Scale (UPPS;
urgency, (lack of) premeditation, (lack of) persewee and sensation seeking) created by
Whiteside and Lynam (2001) and Short Five (S5) tomsaire constructed by Konstabel,
Lonnqvist, Walkowitz, Konstabel, & Verkasalo (202M¢re used. The original UPPS was used
with one modification: UPPS (lack of) perseverarsedf-discipline (C5) items in S5 were
replaced with S5 Dutifulness (C3) items. Then eacket was represented by two items from the
Short Five (S5) questionnaire. More specificaltgm pairs corresponding to the N5, C6, C3,
and E5 facets of the Five Factor Model (FFM) ofspeality were selected (see Table 1 for

clarification in acronym usage).
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The UPPS (lack of) perseverance C5 items were geglavith C3 items as C3 has been
demonstrated by Kaare, Mottus, and Konstabel (26@9)e more sensitive in distinguishing
PG-s from non PG-s than C5 (Table 1). Using itentls higher predictive validity is in line with
the rationale of Whiteside and Lynam (2001) statingt different facets of UPPS may have
different criterion validity for different psychalecal disorders and that disorder-specific item
selection might be an issue to consider for reseancdifferent target groups (p.685-687,
Whiteside & Lynam, 2001). Also, the (lack of) perseance factor comprises NEO-PI-R five
facets of conscientiousness (including C5 and @8pssting that these facets describe almost
the same aspects of impulsive behavior. Delibara(ié6) loads to separate factor and is
conceptualized in mUPPS likewise in UPPS as (ldykpemeditation (P) facet (see Table 3,
Whiteside & Lynam, 2001, p. 679).

The scale used to measure these four facets afishaply was conceptualized as continuous
ranging from 1 to 7, “totally disagree” to “totalljgree” respectively. As each facet was
estimated by two items, one keyed positively dreddther negatively (described in Table 1), the
item values were summed after negatively keyed itesmtues were reversed such that
participants” impulsivity scores could range fronmto214 with higher values indicating higher

impulsivity.
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Table 1Item correction and content for mUPPS

UPPS Impulsive  Associated NE+PI-R Positively keyed item in & subscal Negatively keyed item in S5 subsc

Behavior Scale personality facet Cohend !

Urgency (U Impulsivenes: 2.0¢ It is very difficult for me to resist It is easy for me to resist temptation; | «
(N5) temptation and to keep my desires and always control my feelings and desires

feelings in check; | do things that | regret

later
(Lack of) Deliberation -0.97° | consider thins carefully before acting ¢ | often rush into action without consideri
premeditation (P) (C6) deciding; | take the possible consequencéle consequences of my actions and decisions

of my actions into account

(Lack of) Self-Discipline -0.2¢ When | hav started something, | finish | often postpone difficult or unplease
perseverance (P) (C5) despite fatigue or other distractions. | activities and leave things unfinished. It is
always finish my tasks on time difficult for me to pull myself together and do

the things that | have to

Dutifulness -1.17° | am a reliable person, who values eth | sometimes break my promises. | do not t
(C3) principles; | keep my promises and work my responsibilities and ethical principles
carefully and thoroughly seriously
Sensation sking  Excitemen-seeking 0.2¢ | crave new experiences and exciteme | am not looking for excitement or adventut
(S) (E5) like to test myself in unknown situations | do not like to take risks

NOTE: 'effect size of differences between tests scorgatifological gamblers and controls (Kaare, M&#@ukonstabel, 2009)¢ comprehensive single
item from Short Five (S5) Personality Measure (Kahsl et al., 2012} p < 0.05° p < 0.01° p < 0.001
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Time perception measures

There are four different methods for measuringueay of time perception (Wittmann &
Paulus, 2008; Zakay & Block, 1997): (1) duration ynhe estimated verbally, (2) by
reproduction, (3) by production or (4) by companisdAn estimate may be made either
prospectively or retrospectively (i.e., participgmare informed about the estimation task before
the target duration or participants are asked tomese duration after the target duration
respectively). Above-mentioned methods basicallyifi#éo two categories (Dougherty, Mathias,
Marsh, & Jagar, 2005): time estimation or time pitbn methods. These different ways of
estimating duration involve somewhat different dtige processes and therefore impact
interpretation of the results. Zakay and Block (2@8rgue that “prospective judgments depend
both on arousal level and on the amount of attardiocated to time” (p.14, 15) whereas under
retrospective conditions “participants primarilynstruct a duration judgment from information
stored in memory representing the number of consxthanges that occurred during an
interval” (p.13). Task demands determine the amotiattention divided between “temporal and
non temporal information processors” and “if lesesnntemporal (stimulus) information
processing is required, the person allocates mtiemteon to temporal information and vice
versa” (p.13).

It can be argued that the attentional demands afomcurrent task can be possible
confounders and these can be taken under contrah lgynpty-time condition (i.e., no concurrent
task is performed) whereas the allocation of mardess attention to time-estimation can be
controlled by the same kind of task instruction &irsubjects. Thus we have good reasons to
hypothesize that, under prospective and empty-gowditions, main differences in cognitive
tempo derive from cognitive and affective processmsnected to differences in arousal level.
But the question of potential contextual influene@sl memory processes involved in decision
making process in interpretation of reported refairemains open.

As for current study, time perception was evaldatgsing prospective empty-time
computerized Time Production Task (TPT) similattat used in previous research to measure
cognitive tempo (Barratt, Patton, Nils, & Zuker,819 Barratt, 1983; Gorlyn, Keilp, Tryon, &

Mann, 2005). The participants were asked to indiegtten they thought a certain time interval
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(respectively 2, 3 and 4 seconds) had elapsed loynigadown the computer space key. Subjects

were prospectively instructed as follows:

“Now we are going to do something different. | editimate how you experience the flow of time

— do you perceive time as going quicker or sloveengaring to actual time duration.”

Four rehearsal trials with immediate feedback abdwmaw much time had elapsed while
holding the key preceded the experimental triais.eXperimental trials were administered in
total, so that each of three time intervals (2n8 4s) was repeated two times in random order.
For each time interval, the time produced was caoagpaith the actual time interval participant
was asked to produce and performance was meassitbe deviation of participants’ estimates

from the actual length of the intervals.

Gambling prevalence and diagnostic measures

Prior to the gambling prevalence survey at 20E¥etthad been two gambling prevalence
surveys among the Estonian population between &§eand 74 in 2004 and 2006 (Faktum
Uuringukeskus, 2004; Turu-uuringud, 2006). In hHee surveys, Estonian version of the South
Oaks Gambling Screen (SOGS; Laansoo 2005; LesieBlugne, 1987, 1993) was used as the
screening instrument for assessing the risk fohglagical gambling. Thel6-item SOGS asks
participants to report the frequency of various giems related to gambling behavior.

The SOGS was originally developed by Lesieur ahdni® (1987) based on DSM-III and
DSM-III-R (American Psychiatric Association, 1987%)jagnostic criteria. It has become
internationally most widely used self-report sciagrinstrument to detect pathological gambling
(Battersby, Thomas, Tolchard, & Esterman, 2002)e T®OGS has been found to have
satisfactory reliability with Cronbach alphas o6®.and 0.86 in the general population and
gambling treatment samples, respectively (Stintdhfi2002). It demonstrated well to excellent
classification accuracy in the gambling treatmemhgle, but had poorer accuracy in the general
population sample with a 50% false positive ratestbverestimating the number of pathological
gamblers in the general population, as compareD3M-1V diagnostic criteria (Stinchfield,
2002), the notion that has been mostly exploitedriticizing the use of SOGS for prevalence
studies (Battersby, Thomas, Tolchard, & Esterm&@®22 Young & Stevens, 2008). However,

the SOGS is a lifetime-based measure and was aliigidesigned to detect or uncover also
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individuals in remission (Lesieur & Blume 1987, BY®r “potential’ cases in need for further
clinical assessment (Battersby, Thomas, Tolchard&sgrman, 2002). According to Battersby,
Thomas, Tolchard, and Esterman (2002) this notiem heen ignored in the reporting of
prevalence studies where there is no clinical assest, yet claims are made as to the prevalence
rate of “pathological gamblers” in the populatitudged (p. 267). Thus in order to be clear in this
distinction, in Estonian latest prevalence stud2@t0 the scores were identified and described
in the context of probable remission (i.e., in toatext of risk for pathological gambling) as also
suggested by Stinchfield (2002).

There are controversial findings in relation td@esion thresholds, or cutoff points, used to
differentiate the severity of problems related @&ondling. The original SOGS uses a cutoff point
of 5 or more to identify “probable pathological’ rghlers (Lesieur & Blume, 1987). Some
researchers argue that problem gamblers have Iseeges and have used a score of 3 or 4 in
order to distinguish and classify individuals asoflem gamblers” (Ladouceur, 1991; Lesieur et
al., 1991; Volberg & Steadman, 1988). Battersbyprihs, Tolchard, and Esterman (2002)
suggest that ,important differences in etiologgatment response, motivation to seek treatment
and cost benefit of community screening may exettvben groups scoring 1 to 4, 5 to 9 and
above (p.265). Stinchfield (2002) posits that etlemugh scores in range 5 to 6 have about a
50/50 chance of having the disorder, a score o&rBains ,the best cut score in terms of
maximizing the hit rate and balancing false positand false negative errors” both for clinical
and non-clinical sample (Figure 1, p.12 in Stineldfj 2002). Some recent studies have
distinguished between non-problematic gamblersrigsge> 2), problem gamblers (scoring in
range from 3 to 4) and probable pathological gamb{scoring> 5) (Strong, Lesieur, Breen,
Stinchfield, & Lejuez, 2004). In the Estonian prevee study in 2010, lifetime gambling
behavior was assessed and those who scored Ontaht GOGS were not considered gamblers.
Those who scored 2 to 4 were considered gambleérsseme problems, thus (currently) at low
risk for pathological gambling or according to BRasby, Thomas, Tolchard, and Esterman
(2002) as possible pathological gamblers. The sebBeor more was used as a cutoff point for
probable pathological gambling (Battersby, ThonmEgchard, & Esterman, 2002; Lesieur &
Blume 1987, 1993). However, a further distinctioasvalso made: scores 5-8 were considered as

gamblers with a number of characteristics for plaioal gambling or with significant risk for
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pathological gambling whereas those scoring 9 oremwere considered as ,probable
pathological gamblers® or gamblers at high risk pathological gambling. Thus in the 2010
survey the cutoff points remained the same as m pivevious prevalence studies in order to
gather valid and comparable data.

The cutoff points for current study were concefited and defined as follows: those who
scored from O to 1 (i.e., cutoff < 2) on the SOG&avconsidered non-gamblers (NoPG). Those
scoring in range 2 to 4 were considered gambletts same problems (ProblG), thus (currently)
at low risk for pathological gambling and those hwitutoff scores> 5 were considered as
gamblers with significant risk for pathological dgaling (PG).

Covariates

Gender and age differences in impulsivity and R&wvehbeen explored and reported by
several researchers (Gonzalez-Ortega, EcheburiealC&olo-Lépez, & Alberich, 2013;
Martins, Tavares, Sabbatini da Silva Lobo, Galé&itGentil, 2004). Therefore, gender (1 — men,
2 — women) was used as a co-variate in the presteuty. Additionally, nationality (1 —
Estonians, 2 — Non-Estonians) was used as a cataboo-variate, as was education (1 - below
high school, 2 — high school, 3 — vocational schdcluniversity).

Analytical procedures

First, participants with TPTTime Production Taskyalues outside the range of +/- 3
standard deviations from the mean were excludednThe descriptive statistics of the variables
are reported in Table 2. Bivariate relationshipsveen the variables are given in Table 3.

To describe the roles of the selected co-vari&ieg,measures were regressed on covariates
using linear (for mUPPS and Time) and multinomagistic (for PG) regressions. The covariate
effects are presented in Table 4 and Table 5 ascused further. In order to test the first
hypothesis about the tendency of impulsive subjéctperceive time intervals as shorter
compared to self-controlled subjects Time was regré on mUPPS while controlling for co-
variates (Table 6).

Next, structural equation modeling (SEM) was usedest all hypothesized associations
(Figure 1) simultaneously. Two latent variables avdefined: mUPPS was defined by urgency

(V), (lack of) premeditation (P), dutifulness (Bgnsation seeking (S) and Time was defined by
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six experimental TPT tasks in three sets (Time@€B, Time4) respectively. In the model, Time
was predicted from mUPPS. PG, defined as orderetygacal variable, was also predicted by
mUPPS and Time. Essentially, then, mUPPS was dkfisethe causal variable predicting PG,
whereas Time was seen as a possible mediator iaseciation. Time, mUPPS and PG were
regressed on all covariates. The model was fits#lguthe 'lavaan’ (Rosseel, 2012) package of R
(R Core Team, 2013); diagonally weighted least sspi@stimator was used (DWLS). This
initial model was then trimmed by omitting non-sigrant paths: the non-significant paths were
detected using the Wald statistic. Modificationiaed were used to identify possible sources of
model misspecification. The resulting SEM modebwimg the unique associations among the

variables, is given on Figure 2.

Results

Significant bivariate associations were detectetivéen impulsivity and time perception,
impulsivity and PG: higher impulsivity was signiictly associated with lower time estimates
and higher level, i.e. severity of PG. All obserwatiables of mUPPS (N5, C6, C3, and E5)
were significantly associated with PG: higher ssarethese variables were linked to more PG.
N5, C6, C3, but not E5 were significantly assodateth Time. In addition, higher impulsivity
was significantly associated with lower educatiolealel, younger age and significant group
differences were estimated for gender and natignalG was related to younger age and
relatively higher educational level. ImportantlyGPwas not related to time perception.

Significant group difference in time perception veasimated for nationality (Table 3).

Table 2 Descriptive statistics of sample data and usedsurea

Gamblers and nc-gambler

Total NoPC' ProblG PG’
N 353( 3267 184 79
Age Rang 15-74 15-74 15-74 16- 68
M (SD) 45.44 (17.0/ 46.21 (17.0¢  35.23 (14.4F  37.68 (12.4¢
Gende Male 150¢ 132C 12¢ 63

Femal 202¢ 1943 61 16
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Gamblers and n-gambler

Total NoPC' ProblC” PC’

Nationality ~ Estonial 245¢ 226¢ 13€ 51

Non-Estonial 107t 99¢ 48 28
Educatiol Below high schot 63¢ 57€ 45 18

High schoc 92( 85E 44 21

Vocetional schoc 119¢ 1097 70 27

University 777 73¢ 25 13
mUPP¢ N 353( 3267 184 79

Rangt 2-135 2-13¢ 2.25-13.2¢ 4-12.t

M (SD) 5.71 (2.05 5.58 (1.99 6.99 (2.01 8.05 (2.04
U(N5) Rang 2-14 2-14 2-14 4-14

M (SD) 5.95 (2.70 5.82 (2.66 7.16 (2.71 8.47 (2.49
P(C6 Rang 2-14 2-14 2-14 2-14

M (SD) 5.29 (2.65 5.18 (2.59 6.23 (2.83 7.84 (3.05
P(C3 Rangt 2-14 2-14 2-13 2-13

M (SD) 4.94(2.38  4.83(2.34 5.97 (2.43 7.1(2.42
S(E5, Rangt 2-14 2-14 2-14 2-14

M (SD) 6.67(3.34  6.51(3.28 8.63 (3.59 8.79 (2.85
Time N 2941 269¢ 17C 75

Rangt 0.02-6.97 0.02-6.97 0.25-5.3 1.33-4.61

M (SD) 2.44 (0.96 2.41 (0.97 2.62 (0.79 2.96 (0.47
Timez N 292¢ 267¢ 17C 75

Rangt 0.00-4.8 0.00-4.7¢ 0.24-4.2¢ 0.88-3.57

M (SD) 1.75 (0.73 1.73 (0.74 1.90 (0.70 2.07 (0.41
Times N 293t 2691 16¢ 75

Rangt 0.00-6.97 0.00-6.97 0.29-5.67 1.46-4.5¢

M (SD) 2.46 (1.0) 2.43 (1.03 2.64 (0.85 2.97 (0.53
Time4 N 291¢ 267: 17C 75

Rangt 0.06-7.51 0.06-7.51 0.23-6.87 1.64-6.0%

M (SD) 3.07 (1.22 3.04 (1.23 3.32 (0.99 3.82 (0.63

NOTE: M = Mean; SD = Standard Deviatidrs:ubjects not in risk for PG (i.e, SOGS scores 0; f@amblers
with some problems (i.e., SOGS scores 2 tdgBmblers with high risk for PG (i.e., cutoff5 on the SOGS).
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Table 3The bivariate relationships between co-variatessindy variables

Cohend Correlations between variab
Gende Nationality Age Education 1 2 3 4 5 6 7 8 9 1C
1  mUPP¢ 0.39° 012 -0.3¢ -0.1£ -
2 N5 0.21° 0.418° -0.1¢  -0.12 0.7¢ -
3 C6 0.2C° 0.01 -0.22  -0.1€ 0.8C  0.5€¢ -
4 C3 044 0.4 0.2 -0.1€ 074 048 05€ -
5 E5 0.31° 047 -046°  0.0C 0.6 02 03¢ 02° -
6 Time 0.Cc1 0.3C° 0.0:  -0.0: -0.0¢° -0.08° -0.04 -0.0¢ -00z -
7 Timez  0.C3 0.21° 0.0 -0.0¢ -0.02° -0.0¢ -0.0z -0.02° -0.08° 091 -
8 TimeZ 0.C2 0.32° 0.0:  -0.0: -0.02 -0.04 -0.0¢ -0.02 -00z 09€¢ 08° -
9 Time4 0.06 0.2¢° -0.02  0.01 -0.02° -0.0° -0.0® -0.0¢ 0.01 09¢ 0.8C 08¢ -
10 PG - - -0.14£  -0.02° 021 017 014 0.1€¢€ 01€¢ -0.01 -0.0¢ -0.01 -0.01 -

NOTE: ForM, SDandN look in Table 2;" Spearman’s correlation coefficiehp < 0.05,” p < 0.01° p < 0.001

Table 4 Covariate effects on impulsivity, time perceptanmd gambling behavior

Gambling leve

Standardized Estimé" (95% Cls Odds ratio (95% ClI

MUPFS Time No Gambling Problem Garbling Pathological Gamblir
Gende -0.2€° (-0.33;-0.22) -0.01 -0.08; 0.0€ 1.00 (1.00; 1.0( 0.38 (0.27; 0.5: 0.18 (0.11; 0.3:
Age -0.0Z° (-0.02;-0.02 0.00 (0.00; 0.0t 1.00 (1.00; 1.0¢ 0.96 (0.95; 0.9° 0.97 (0.96; 0.9¢
Nationality -0.06° (-0.13;-0.00! -0.3(° (-0.38;-0.23 1.00 (1.00; 1.0( 0.90 (0.64; 1.2 1.39 (0.86; 2.2«
Educatiol -0.0¢ (-0.12;-0.06' -0.01 -0.05; 0.02 1.00 (1.00; 1.0¢ 0.97 (0.83; 1.1¢ 0.98 (0.78; 1.2:

NOTE: 'effect sizes are per SPp < 0.05” p < 0.01° p < 0.001
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Table 5 Covariate effects on gambling behavior when adpifbr impulsivity and time perception

Standardized Estime* (95% Cls

Gambling leve

Odds ratio (95% ClI

mUPFS Time No Gambling Problem Gamblin Pathological Gamblir
Gende -0.2€°(-0.33;-0.22 -0.02 -0.09; 0.0t 1.00 (1.00; 1.0¢ 0.41 (0.29; 0.5¢ 0.23(0.12; 0.4:
Age -0.02° (-0.02;-0.02 0.02 -0.06; 0.12 1.00 (1.00; 1.0( 0.27 (0.17; 0.4« 0.79 (0.39; 1.5¢
Nationality -0.0€% (-0.13;-0.00 -0.3(°(-0.37;-0.22 1.00 (1.00; 1.0( 1.03 (0.70; 1.4¢ 1.84 (1.06; 3.2¢
Educatiol -0.0¢° (-0.12;-0.06 -0.02 -0.05; 0.02 1.00 (1.00; 1.0( 1.03 (0.87; 1.2: 1.13 (0.86; 1.4¢

NOTE: 'effect sizes are per SBbecomes significant as predictor when adjusteéhipulsivity and time perceptiofip < 0.05° p < 0.01° p < 0.001

Table 6 Regression coefficients for study variables whdateolling for covariates

Standardized Estime" (95% Cls

Gambling leve
Odds ratio (95% ClI

Time

No Gambing

Problem Gamblin

Pathological Gamblir

mUPFS -0.0€" (-0.09;-0.02

Time

1.00 (1.00; 1.0¢
1.00 (1.00; 1.0¢

1.55(1.29; 1.8t
0.99 (0.83; 1.1¢

3.04 (2.31; 4.0:
0.83 (0.63; 1.0¢

NOTE: “effect size per SD'p < 0.01° p < 0.001;
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In addition, to describe the roles of the seleciedariates, key measures were regressed on
covariates. While simultaneously controlling fol #le other variables, higher impulsivity was
significantly associated with lower education (i.any relatively higher educational level
predicts, on average, 0.9 standard deviation I®geres in mUPPS), younger age (i.e., ageing
for one standard deviation predicts 0.2 standawiatiens lower scores in mUPPS), nationality
(i.e., non-Estonians scored lower than Estoniansn@PPS by an average of 0.06 standard
deviations) and gender (i.e., woman score lowerirfgoulsivity an average of 0.28 standard
deviations than men) (Table 4).

Time perception was significantly associated amdetintervals were under produced
depending on nationality and the level of impulsivhon-Estonians tended to under produce
time intervals on average 0.30 standard deviatiomse than Estonians with the same
impulsivity score and all the covariates control{@dble 5). Everything else equal, those scoring
higher for impulsivity tend to under produce tinmervals on average 0.06 standard deviations
more (Table 6). Time perception was not related eahot be predicted by gender, age and
education.

PG severity was significantly associated with ggnand age: men have on average 2.63
times higher odds to have gambling related probland 5.26 times higher odds for PG than
women (Table 4). When adjusted for impulsivity dimde perception the impact of gender was
slightly changed to the benefit of men: 2.44 tirhagher odds for problem gambling and to 4.33
times higher odds for PG thus indicating that &tfom of the gender-differences in gambling
severity was due to gender-differences in impulgi@and time perception. Likewise age was
significant predictor for PG: when adjusting forguisivity and time perception and everything
else equal there are 3.7 times higher odds in yauage for problems related gambling behavior
comparing to non-gamblers (Table 5). PG is alsadipted by impulsivity: one standard
deviation higher mUPPS score raises odds for pnolgl@mbling by 1.55 times and for gambling
pathology by 3.04 times. With respect to natiogalihe estimate becomes significant for non-
Estonians when controlling for impulsivity and tirperception so that non-Estonians have 1.84
times higher odds for pathology comparing to Estosi PG was not associated with time

perception.
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After an initial SEM model was fitted on data, phrameters were estimated using Wald
statistic and the parameters wigh> 0.05 were dismissed from equations. Nationalitd an
education were dismissed as predictors of PG. Gerde and education were dismissed as
predictor of Time and nationality no longer pred&etmUPPS. Modification indices were also
used to detect any sources of model misspecifitabased on modification indices the residual
variances of N5 and C6 were allowed to co-vary. fdseilting SEM model, showing the unique
associations among the variables, is given on Ei@QurThe model fit indices were as follows:
Comparative Fit Index (CFI) = 0.95 and Root Mean&gq Error of Approximation (RMSEA) =
0.06 (90% CI: 0.05; 0.07) thus indicating relatiwvglbod model fit (Hu & Bentler, 1999). The
effect sizes between all variables have minor ceangpmparing to associations described in
Table 5 and Table 6. All the paths shown on theifé@ are significant g < 0.001 with one
exception: the direct and no significant assocmtietween Time and PG that was left on the
figure for illustrative purposes since it pertainedhe main hypothesis of the study.

As the result, gender, younger age and lower eauncaredict higher impulsivity scores.
Gender (i.e., being a man), younger age and highpulsivity level are predictive of future
problems and pathology related to gambling: onadsted deviation higher scores in mUPPS
raise the risk for problems and pathology relatedyambling on average by 0.36 standard
deviations. Impulsive subjects tend to perceiveetintervals as shorter and they under produce
time intervals by 0.08 standard deviations compé&vadore self-controlled subjects. Impulsivity
is associated with PG but this association is n&diated by time perception as was
hypothesized.
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U(N3)

.25 062

P(C6)

Education
P(C3)
S(ES) Age

. .36
Tune? \
/ Gender

Tune3

Nationality
Tuned

Figure 2 A path model specifying associations between impitys time perception and gamblinlumbers
represent standardized path coefficients. All igant paths are showp & 0.001) with solid lines.
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Discussion

This study showed that time perception was asstiaith self-reported impulsivity such that
time interval under production could be predictgdlie level of impulsivity. To the extent that
these associations can be interpreted as causglptsible impact of impulsivity in the etiology
of pathological gambling was confirmed but the hiyesized mediator role of time perception in
the association was not detected.

An association between impulsivity and time peticephas been demonstrated by previous
research as referred earlier. Several findings hikveonstrated that impulsive subjects tend to
overestimate and/or under produce time intervadgasting their subjective experience of time
is accelerated compared to subjects with lowerldewé both self-reported and behaviorally
tested impulsivity (Dougherty et al., 2003; Havikad., 2012; Reynolds & Schiffbauer, 2004;
Wittmann, Leland, Churan, & Paulus, 2007). Our ltsseonfirm significant associations
between these two constructs. They also constitudtemonstration of an expected relationship
between self-reported and behavioral measures milsivity that have been reported missing in
several studies. More specifically, the self-repdrtjuestionnaire (mUPPS) and time production
task (TPT) measured here on a large sample smalkiguificant correlation. It has been
demonstrated by Wittmann et al. (2011) that braitivation during the interval reproduction
task in motor execution areas (left pre and postrakcortexes, right cerebellum) and the ‘core
control network’ (i.e., inferior frontal, parietahedial frontal cortex, anterior insula) correlated
with both self-reported impulsivity and with beharal performance in the duration reproduction
task. Thus, neural substrates for trait impulsivitgasured by mUPPS in our study and time
production associated with impulsivity overlap atdt to some degree and it may explain
significant associations between higher trait irspuity and time under productions identified
with this study.

The results of this study that PG is not assodiatéh timing performance and thus the
impact of impulsivity on PG is not mediated by tiperception is somewhat surprising. Given
that impulsivity was related to both timing perf@ante as well as gambling risk, it would be
reasonable to assume that the subjects in risdtrological gambling will also demonstrate
time under-productions in TPT task. One possiblesea we could not detect associations

between time perception and risk for PG may be eotea to the notion exploited in criticizing
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the use of SOGS for prevalence studies and PGrseogeeAs described earlier, the SOGS has
demonstrated good to excellent classification amuin the gambling treatment sample, but
poorer accuracy in the general population sampléh vei 50% false positive rate thus
overestimating the number of pathological gambierthe general population, as compared to
DSM-IV diagnostic criteria (Battersby, Thomas, Taed, & Esterman, 2002; Stinchfield, 2002;
Young & Stevens, 2008). Thus it is possible thatlose of potentially high rate of false positive
results, i.e., because of the low specificity ot tmeasurement tool used, we could not
differentiate impairments in time perception as asgible mediator for impulsivity related
disorder. However, as the sample used in this siualy representative to population, there is a
solid base to argue that gambling behavior and p&&ific impairments related to impulsivity
might be mediated by some other aspect of imptysthian was assessed with time production
task (i.e., cognitive tempo). While several findnigom clinical populations demonstrate that
impulsive subjects tend to overestimate and/or urgteduce time intervals as described
hereinbefore, but not confirmed with this study tjuestion of time perception in relation to PG
requires further research.

The study demonstrated that there appear sinadtesn multivariate associations between
study variables and covariate effect sizes varpiogntly across gender, age and nationality
and affect the results depending on whether PGritgweas regressed only on co-variates or
additionally adjusted for impulsivity and time peption. This supported the choice for SEM as
the analytical method. As for conclusion: gendesunger age and lower education predict
higher impulsivity scores. Gender (i.e., being anjngounger age and higher impulsivity level
are predictive of future problems and pathologwtesl to gambling. These results are in sum
consistent with previous research (Gonzalez-Orteghaeburua, Corral, Polo-Lopez, & Alberich,
2013; Hermano et al., 2010; Kaare, Mattus, & Kobsta2009). The result that relatively higher
educational level was related to lower self-repbri@pulsivity andvice versais somewhat
consistent with what was reported by Kaare, Mot&ugonstabel (2009) that the likelihood of
being a pathological gambler was best predictefligly immoderation score and low cognitive
ability. With respect to nationality being assoettvith timing such that non-Estonians tended
to under produce time intervals more than Estonvaitls the same impulsivity score is in line

with the common stereotype that non-Estonians, aslhe Russians are more outgoing and
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expressive and therefore possibly more impulsiaa tBstonians. As these differences were not
subject for systematic research for this study, suystantial inferences could be misleading and
arbitrary.

The strength of this study was in large sampleagmtative to population of Estonia thus
adding statistical power for the results and cosiolus of this study. However, this study was
limited in that the available budget did set thmitito the amount of items to use in additional
guestionnaires and experimental tasks as the pgibal construct measures were added to
prevalence study. Participants took the testseit Homes thus the context was not controlled by
all means. From another point of view it can be atderpreted as adding ecological validity to
current study. It should be also noted that in gtigdly we used only relatively short interval
prospective estimations and the results shoulsteegreted accordingly as longer and/or shorter
interval (re)productions and retrospective estimasge influenced by different cognitive,
affective and contextual factors as it has beenetdpy Zakay and Block (1997).

The interest of further study might be to explonere specifically how the four facets
associated with impulsive-like behavior identified Whiteside and Lynam (2001) relate to PG
and time perception. It has been stated by sevessarchers that given the possibly multi-
faceted structure of impulsivity, understanding thlative contribution of each of its facets is
critical for accurately characterizing an indivitigageneral level of impulsivity as well as for
exploring more subtle relationships between impitlsiand different clinical syndromes
(Patton, Stanford, & Barratt, 1995; Stanford et 2009). In the context of gambling research it
has been hypothesized that different facets of Isigty make different contributions to PG
variability. For instance, Bagby et al. (2007) dexstoated that excitement-seeking characterizes
gambling behavior generally rather than patholdggeanbling in particular. In our study we
used the modified Impulsive Behavior Scale (mUP®RB) eight comprehensive single items
such that two items measured each of the four isnty related personality facets proposed by
Whitside and Lynam (2001). However, these four tatead fairly similar associations with PG.
N5, C6, C3, but not E5 were significantly assodatath timing. It might well be that E5 has
protective function in etiology of gambling pathgioand independent additive effect on time
perception.This may also suggest little discriminant validity the four impulsivity facets, at

least in relation to gambling behavior. On the 8ide, this demonstrates the robustness of the
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latent impulsivity trait that presumably definec tbtommon variance of the four facets. Also an
alternative model development could be the intedsfurther research as there may be
alternative causal interpretation regarding thatr@hships between impulsivity, time perception

and gambling.
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