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ARTICLE INFO ABSTRACT

Gambling Disorder (GD) is a behavioral addiction characterized by the persistence of recurrent gambling behav-
iors despite serious adverse consequences. One of the key features of GD is a marked inability to delay gratifi-
cation and an overall impairment of decision-making mechanisms. Indeed, in intertemporal choice (ITC) tasks,
GD patients usually display a marked tendency to prefer smaller-sooner over larger-later rewards (temporal dis-
counting, TD). However, ITC represents a highly verbal/explicit measure, and as such it might not be sensitive to
implicit decision biases. Here we sought to uncover the implicit mechanisms underlying the ITC impairment in
GD by employing the process-tracing method of mouse kinematics. To this aim, we collected and analyzed ITCs
and kinematics measures from 24 GD patients and 23 matched healthy control participants (HC). In line with the
relevant literature, the results showed that GD patients discounted future rewards more steeply compared to HCs.
Additionally, the results of kinematics analyses showed that patients were characterized by a strong bias toward
the immediate option, which was associated with straight-line trajectories. Conversely, the delayed option was
selected with edge-curved trajectories, indicating a bias toward the immediate option which was revised in later
stages of processing. Interestingly, kinematics indices were also found to be predictive of individual discounting
preferences (i.e., discount rates) across the two groups. Taken together, these results suggest that kinematics in-
dices, by revealing hidden and implicit patterns of attraction toward the unselected choice option, may represent
reliable behavioral markers of TD in gambling disorder.
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1. Introduction

Gambling Disorder (GD) is a behavioral addiction characterized by
the persistence of recurrent gambling behaviors despite serious adverse
consequences (American Psychiatric Association, 2013). Accruing
evidence supports the notion that compulsive gambling behaviors could
be underpinned by a diminished cognitive control and impaired de-
cision-making (Moccia et al., 2017; van Timmeren, Daams, van
Holst, & Goudriaan, 2018), and that such impairments would deter-
mine a marked inability to delay gratification. These alterations have
been proposed to reflect a disruption of the connectivity patterns be-
tween prefrontal and subcortical regions (Koehler et al., 2013; Tan-
abe et al., 2007), both leading to an impairment in executive func-
tions [i.e., reduced cognitive flexibility (Leppink, Redden, Chamber-
lain, & Grant, 2016; Mallorqui-Bague et al., 2018)] and alter-

ations in mesolimbic reward-processing (Pettorruso et al., 2018;
Reuter et al., 2005).

The alterations in decision-making strategies can be fruitfully studied
through intertemporal choice tasks (i.e., temporal discounting), wherein
participants are required to choose between an immediate (or sooner)
but smaller reward and a delayed but larger one. Temporal discount-
ing is defined as a decrease in the subjective value of rewards that are
available in a future time point as compared to rewards that are im-
mediately available or that are offered in a temporally closer time in-
terval (Berns, Laibson, & Loewenstein, 2007). The phenomenon of
temporal discounting is reflected in a predominance of preference for
the immediate vs. the delayed reward. Such class of decisions are rel-
evant in several suboptimal behaviors and clinical conditions (Bickel,
Jarmolowicz, Mueller, Koffarnus, & Gatchalian, 2012; Koffar-
nus, Jarmolowicz, Mueller, & Bickel, 2013; Story, Vlaev, Sey-
mour, Darzi, & Dolan, 2014; van den Bos & McClure, 2013),
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and they appear to be particularly relevant in Gambling Disorder.
Specifically, previous studies have found that delayed rewards tend
to be more steeply discounted in pathological gamblers (Ciccarelli,
Cosenza, D’Olimpio, Griffiths, & Nigro, 2019; Ledgerwood,
Alessi, Phoenix, Petry, & Ave, 2009; Miedl, Peters, & Biichel,
2012; Steward et al., 2017), and that steep discounting is strongly
correlated with both withdrawal symptoms (Giordano et al., 2002)
and relapses in substance addiction and gambling behavior (De Wilde,
Goudriaan, Sabbe, Hulstijn, & Dom, 2013; Stevens et al., 2015).
Furthermore, a recent meta-analysis has shown that patients with gam-
bling disorder (GD) appear to be characterized by a series of cognitive/
impulsive impairments, such as deficits in motor inhibition, attentional
inhibition, discounting and decision making. The finding of these dys-
functions that span several domains suggests that in the pathogenesis
of the disorder there might exist a general tendency toward inappropri-
ate, premature actions that create a sort of predisposition toward the
Gambling Disorder and its different manifestations across cognitive tasks
(Ioannidis, Hook, Wickham, Grant, & Chamberlain, 2019).

On a more general level, there is strong agreement that steep dis-
counting in intertemporal choices can be considered a behavioral
marker of addiction-related disorders (Bickel, Koffarnus, Moody, &
Wilson, 2013). Nevertheless, temporal discounting is a highly verbal/
explicit measure - requiring individuals to explicitly respond according
to their preferences — and as such, it might not be sensitive to implicit
decision biases. For example, some individuals may run a higher risk of
relapses compared to others, still showing a similar explicit change in
discounting preferences because of psychotherapy or treatment compli-
ance. Hence, an implicit measure of reward preferences that specifically
tracks the extent to which immediate rewards exert an implicit attrac-
tion on patients’ behavior, even when not explicitly selected, may high-
light differences between classes of patients with high or low risk of re-
lapse.

A viable candidate to this purpose is the process-tracing method of
mouse kinematics which has been shown to reliably measure cognitive
processing underlying decision formation with a fine-graded spatial and
temporal resolution (Freeman, Dale, & Farmer, 2011; O’Hora et al.,
2013; Spivey, 2007). More importantly, we have found that mouse
kinematics measures could be used to predict discounting functions (far-
sighted vs. discounter) in healthy subjects (Calluso, Committeri, et
al., 2015).

On this basis, here we sought to employ mouse kinematics to in-
vestigate the dynamics of discounting behavior during an intertemporal
choice task in a group of gambling disorder (GD) patients and a group
of healthy controls (HC). We hypothesized that, since GD patients are
characterized by a strong preference toward the selection of immediate
option, they may also be characterized by a bias in the implicit measures
of mouse kinematics. Such bias would lead to straight trajectories dur-
ing the selection of the immediate rewards and edge-curved trajectories
during the selection of the delayed ones.

2. Materials and methods
2.1. Subjects

Thirty right-handed patients diagnosed with gambling disorder (GD;
according to DSM-5) took part in the study. Six patients (i.e., 20,7%
of the GD sample) could not be included in statistical analysis as they
showed no choice variability in the intertemporal choice task (they
gave only now responses), precluding the estimation of the decision
indices (see Supplementary material file S1, section 3 for details].
The final GD sample included twenty-four patients (4 females, mean
age = 45.15 + 11.51, years of education = 11.60 *+ 3.38). GD pa-
tients were recruited among outpatients referring to the Behavioral Ad-
diction Unit Treatment of the Day-Hospital of Clinical Psychiatry of the
University General Hospital “A. Gemelli” in Rome.
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A group of twenty-three right-handed healthy controls (HC) without
any neurological or psychiatric history was also recruited for the study.
The HC group was selected to match for age (p = 0.87) and years of ed-
ucation (p = 0.10) the GD group (1 female, mean age = 42.83 + 8.20,
years of education = 10.00 = 2.45). The GD patients and the HC par-
ticipants were tested in a comparable experimental setting following the
same procedure and experimental protocol.

All participants provided written informed consent prior to partici-
pation in the study, which was approved by the local ethics committee
(REF No. 11761/13) and conducted in accordance with Declaration of
Helsinki.

2.2. Neuropsychiatric and neuropsychological assessment

When they entered the Behavioral Addiction Unit Treatment, GD pa-
tients underwent an in-depth psychiatric interview (see Supplementary
material file S1 for further details). The interview included an eval-
uation of impulsivity through the Barratt Impulsiveness Scale [BIS-11
(Fossati, Di Ceglie, Acquarini, & Barratt, 2001; Patton, Stanford,
& Barratt, 1995)], of anxiety through the State/Trait Anxiety Inven-
tory [STAI (Pedrabissi & Santinello, 1998; Spielberger, Gorsuch,
& Lushene, 1970)] and the Hamilton Anxiety Rating Scale [HAM-A
(Hamilton, 1959; Maier, Buller, Philipp, & Heuser, 1988)], and
of depression through the Hamilton Depression Rating Scale [HAM-D
(Dozois, 2003; Hamilton. , 1960)]. The South Oaks Gambling Screen
[SOGS (Lesieur & Blume, 1987; Stinchfield, 2002; Vassar, 2008)]
was also used as a measure of the gambling symptoms. The same tests
were administered to the HC group. In particular, for HC participants,
the SOGS scores were used for determining the exclusion criteria (cut-off
score = 5).

For the purpose of the current study, following the psychiatric in-
terview both GD patients and HC participants were also submitted to a
neuropsychological evaluation of executive functions and attention. The
neuropsychological evaluation included both the Stroop Task (Caffarra,
Vezzadini, Dieci, Zonato, & Venneri, 2002) and the three-table ver-
sion of the Trail Making Test, in its [A, B, G (Amodio et al., 2002)].
The intertemporal choice task was administered following the psychi-
atric and the neuropsychological assessment.

2.3. Intertemporal choice task

Intertemporal choices involved an immediate fixed amount of 10€
and a future one, which was parametrically manipulated across 6 de-
lays and 7 amounts (Fig. 1), as in previous studies from our group [see
(Calluso, Committeri, et al., 2015; Calluso, Tosoni, et al., 2015)
for details]. Mouse kinematics was recorded across the entire experi-

10€ now
or
25€ in 60 days?

Fig. 1. Behavioral paradigm. Participants were asked to click on the “start” button, posi-
tioned at the central bottom of the screen, in order to visualize the choice options, and
then to express their choice by clicking on the corresponding response button (i.e., “now”
vs. “later™).



C. Calluso et al.

ment using the MouseTracker software (Freeman & Ambady, 2010).
All subjects were instructed to evaluate each choice as realistically as
possible, but all choices were hypothetical and none of the participants
enrolled in the study received a compensation for participating.

In line with the recommendation for reproducible science (Fischer
& Hartmann, 2014; Schoemann et al., submitted), all the details of
task design, discount rate estimation and mouse tracking setting are re-
ported in the Supplementary material file S1 (section 1.1).

2.4. Choice parameters esteem and statistical testing

Subject-specific discount rates (k) were estimated using the
well-known hyperbolic function as a model to describe the decline of
subjective values (SV) with increasing time delays (D) (Laibson, 1997;
Mazur, 1987). The calculation of the decision parameters (i.e., SV and
k) was carried out using a standard routine also employed in previ-
ous studies [(Ballard & Knutson, 2009; Kable & Glimcher, 2007;
Li et al., 2013); see (Calluso, Committeri, et al., 2015; Calluso,
Tosoni, et al., 2015; Calluso, Tosoni, Fortunato, & Committeri,
2017, 2019) and Supplementary material file S1 for methodological
details]. Discount rates were normalized using the natural-logarithmic
transformation and a Kolmogorov-Smirnov test was used to control for
normal distribution (p > 0.20).

Mouse kinematics data were analyzed using a standard procedure
also employed in our previous studies (Calluso, Committeri, et al.,
2015; Calluso et al., 2018, 2019; Iodice et al., 2017). Specifically,
we extracted a series of spatial and temporal measures of mouse kine-
matics which were used as dependent measure for statistical testing. The
spatial parameters included: (1) the Maximum Deviation (MD), defined
as the maximum perpendicular deviation between the real trajectory
and the theoretical one (i.e., straight line between start and end points);
(2) the Area Under the Curve (AUC), corresponding to the geometric
area between the real and the theoretical trajectories; (3) the x-flip, de-
fined as the number of changes in direction along the x-axis (i.e., deci-
sion axis in this paradigm). Temporal measures included: (1) the total
time, defined as the time between the trial onset (i.e., click on the start
button) and the response selection; (2) the initiation time, correspond-
ing to the latency between the trial onset and the moment the partici-
pant actually initiated the movement of the mouse cursor; (3) the mo-
tion time, calculated as the amount of time between the initiation of the
mouse movement and the selection of the choice option.

2.4.1. Statistical testing

The statistical significance of the effects was tested using linear
mixed-effects models (LMM). The models were run using the statisti-
cal software RStudio [Version 1.2.1335; (Baayen, Davidson, & Bates,
2008; Bates, Michler, Bolker, & Walker, 2015; R Core Team,
2014)]. Such an approach has been employed in many previous mouse
tracking studies (Barca & Pezzulo, 2012; Calluso et al., 2018,
2019; O’Hora, Carey, Kervick, Crowley, & Dabrowski, 2016;
Quétard et al., 2016; Quinton, Volpi, Barca, & Pezzulo, 2013;
Tabatabaeian, Dale, & Duran, 2015) and is nowadays considered a
gold standard analysis for mouse kinematics data as it allows to account
for between-subject differences in basic motor properties that are unre-
lated to task design/experimental manipulation.

The first analysis was conducted to predict the subject-specific dis-
count rates (k) using the fixed-effect of group (GD, HC). A second analy-
sis was conducted to predict the subjective values using the fixed effect
of group (GD, HC) and time [short (collapsing the SV of 7, 15, 30 days
intervals), long (60, 90, 180 days)].

Mixed-effect models were also employed to predict the spatial (MD,
AUC and x-flips) and temporal (total time, initiation time and mo-
tion time) measures of mouse kinematics (i.e., dependent variables) us-
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ing the fixed effects of group (GD, HC), response type (now, later) and
their interaction term.

With respect to mouse kinematic, additional analyses were con-
ducted in order to control for the effect of response repetition on the
dynamics of the response’s trajectory. Specifically, since previous stud-
ies have shown that the progression of mouse trajectory on a given trial
can be significantly influenced by the response on the previous trial
[i.e., giving rise to a facilitation of trajectories associated with repeated
responses, see (Scherbaum, Dshemuchadse, Fischer, & Goschke,
2010, 2015, 2016, 2018)], an additional set of mixed-effect models
was conducted on the spatial (MD, AUC and x-flips) and temporal (to-
tal time, initiation time and motion time) measures of mouse kinematics
in order to control for the factor of response repetition. In these analy-
ses the factor response repetition was included as a covariate in the
model (along with the effect of group, response type and their interac-
tion term).

A final set of analyses was conducted in order to test whether the
spatial parameters of mouse kinematics could be used to predict indi-
vidual discounting preferences. In this set of analyses, a LMM was used
with the individual discount rates (k) as dependent variable and the spa-
tial measures (MD, AUC), the response type (now, later), the group (HC,
GD) and their interactions (second and third level) as fixed effects. Sep-
arate models were conducted for the MD and AUC.

All the mixed-effects models were conducted using a linear distrib-
ution, with the only exception of the x-flip analysis, which was based
on a Poisson distribution. All the analyses included the random effects
of subjects and trials, as well as the random slopes of the fixed effects.
All post-hoc comparisons were run using a Tukey post-hoc analysis FDR
(i.e., False Discovery Rate) corrected for multiple testing (Benjamini &
Hochberg, 1995).

3. Results

The results of the non-clinical, psychiatric and neuropsychological
evaluation are reported in the Supplementary material file S1 (Sec-
tion 2) and in Supplementary Table S1, S2 and S3. Also see Section
3 of the Supplementary material file S1, Supplementary Table S4
and Supplementary Figs. S1-S2 for a clinical description and a quali-
tative inspection of the kinematics measures of the six GD patients who
were excluded from the main analyses.

3.1. Intertemporal choice measures

The results of the analysis conducted on the discount rates (k)
showed a statistically significant effect of group (X% = 2930.70,
f = 0.95,t = 54.14, p < 0.001), indicating a steeper discounting func-
tion (i.e., higher discount rates) in the GD compared to HC group (Fig.
2A-B).

The results of the analysis conducted on the subjective values (SV)
revealed a significant effect of group (X* = 29.92, p < 0.05), indicat-
ing lower SV in GD vs. HC group. This analysis revealed also a signifi-
cant effect of time (X2 = 6577.80, p < 0.001), as SV at short-time de-
lays were generally higher than SV at long-time delays. Finally, a sig-
nificant interaction effect was found (X% = 4.29, p < 0.001) indicating
that all the factors’ levels were statistically different from each other
(all p < 0.05) with the only exception of the comparison between SV of
short-time delays in the GD group and SV of long-time delays in the HC
group (p = 0.10). See Table 1 for detailed results and Fig. 2C.

3.2. Spatial and temporal measures of mouse kinematics

Mean mouse trajectories are shown in Fig. 3A. The results obtained
from the analyses conducted on the spatial measures (Table 2) re-
vealed that the fixed effect of group was non-significant both for the MD
(X2 = 0.80, p = 0.37; Fig. 3B) and the AUC (X? =
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Fig. 2. Results of the intertemporal choice measures. (A) Mean discounting functions in
the GD (red line) and in the HC (blue line) groups. (B) Results of the linear mixed-effects
models conducted to predict the discount rates (k) using the fixed effect of group (GD, HC).
(C) Results of the linear mixed-effects models conducted on the subjective values (SV) us-
ing the fixed effects of group (GD, HC), time delay (short, long) and their interaction term.
(For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

0.65, p = 0.42; Fig. 3C) but was marginally significant for the x-flips
(X% = 3.64, p = 0.06; Fig. 3Q), indicating that the HC group showed
an overall higher number of changes in direction as compared to the GD
group. Results, however, indicated a significant effect of response type
for all the three spatial measures (MD: X? = 111.25, p < 0.001; AUC:
X? = 60.71, p < 0.001; x-flips: X? = 18.10, p < 0.001) and a signifi-
cant group by response type interaction for both the MD (X? = 34.10,
p < 0.001) and the AUC (X2 = 37.98, p < 0.001) but not for the x-flips
(X2 = 2.19, p = 0.14). While the effect of response type was explained
by a significantly higher curvature during the selection of the later
compared to the now option, the significant group
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Table 1

Results of the linear mixed-effects models conducted to predict the subjective values (SV)
using the fixed effects of group (GD, HC), time delay [short (7, 15, 30 days), later (60, 90,
180)] and their interaction term (group by time delay).

Subjective Values

p SE t
Group: GD -0.10 0.06 —-1.84*
Time: Short 0.20 0.00 60.31%**
Group: GD * Time: Short -0.03 0.00 —5.47%%*

by response type interaction was explained by a differential pattern of
attraction toward the unselected option in the two groups. Specifically,
as illustrated in Fig. 3A, while straight mouse trajectories were observed
in the GD group during the selection of the immediate option, a high
degree of curvature was observed in the same group during the selec-
tion of the delayed option (MD & AUC: GD later > GD now, p < 0.001).
Furthermore, the selection of the delayed option in the GD group was
associated with a significantly higher curvature compared to the se-
lection of both options in the HC group (MD & AUC: GD later > HC
later; GD later > HC now, p < 0.001). No differences were observed
between trajectories associated with the two options in the HC group
(HC now = HC later; MD: p = 0.15; AUC: p = 0.22). See Table 2 for
detailed results.

As for the spatial measures, a non-significant effect of group was
found in all the three temporal parameters (see Table 3; total time:
X2 = 0.02, p = 0.89; Fig. 4A; initiation time: X* = 0.01, p = 0.98;
Fig. 4B; motion time: X2 = 0.09, p = 0,76; Fig. 4C). However, while a
non-significant effect of response type was observed on initiation times
(X2 = 0.09, p = 0.77), a significant effect was observed on total times
(X? = 74.01, p < 0.0001) and motion time (X?> = 68.57, p < 0.0001),
indicating that the selection of the delayed option was associated with
overall higher latencies compared to the selection of the immediate op-
tion. More interestingly, the group by response type interaction was
found significant for the total time X% = 10.77, p < 0.001) and the
motion time (X2 = 9.31, p < 0.001), but not for initiation time
X2 = 0.42, p = 0.52). As for the spatial measures, the interaction effect
was explained by shorter latencies during the selection of the immediate
vs delayed option in the GD (p < 0.001) but not in the HC (p > 0.05)
group.

3.2.1. Control analyses for the effect of response’ repetition

Previous mouse tracking studies have highlighted that the response
on the previous trial (i.e., N — 1) may impact upon the progression of the
mouse trajectories on the current trial (i.e., N) by producing facilitation
and carryover effects (Scherbaum et al., 2010, 2015, 2016, 2018).
Therefore, in order to control that the kinematics effects described above
were not explained by this factor and, specifically, that the lower cur-
vature (i.e., straight mouse trajectories) observed during the selection of
the immediate response in the GD group (vs. the HC group) was not a
result of the greater proportion of now vs. later responses in this group,
we re-run the previous analysis by including the response on the previ-
ous trial (same, different) as a covariate.

The results of these analyses showed that the effect of the covari-
ate was statistically significant in all the three spatial measures of MD
(X? = 876.17, p < 0.0001), AUC (X2 = 519.95, p < 0.0001) and x-flip
(X% = 96.36, p < 0.0001), thereby indicating that parameters of spatial
attraction were reduced during trials with a repeated vs. a non-repeated
response.

However, the results of the model perfectly replicated those obtained
in the original analysis (see the upper part of Table 4). As for the
results shown above, indeed, when controlling for the response repe-
tition factor a statistically significant effect of response type was ob-
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Fig. 3. Results of the spatial measure of mouse kinematics. (A) Mean mouse trajectories associated with the GD (red) and the HC (blue) groups. Results of the mixed-effect models con-
ducted to predict the (B) maximum deviation, (C) area under the curve and (D) x-flips using the fixed effects of group (GD, HC), response type (now, later) and their interaction term. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2

Results of the linear mixed-effects models conducted to predict the spatial measures of maximum deviation (left panel), area under the curve (central panel), x-flips (right panel; Poisson
model distribution) using the fixed effects of group (GD, HC), response type (now, later) and their interaction term.

MD AUC x-flips

B SE t B SE T B SE 2z
Group: GD 0.01 0.05 0.19 0.05 0.14 -0.32  0.17  -1.83f
Response Type: Now -0.04  0.01 —3.61%%* -0.04  0.03 -0.02  0.01 —2.17%
Response Type: Now*Group: GD -0.09  0.02  -5.84*** -0.27  0.04 -0.02  0.01 -1.5

Table 3

Results of the linear mixed-effects models conducted to predict the temporal measures of total time (left panel), initiation time (central panel) and motion time (right panel) using the fixed

effects of group (GD, HC), response type (now, later) and their interaction term.

Total Time Initiation Time Motion Time
s SE t s SE t B SE t
Group: 8.34 322.00 0.03 2.24 70.75 0.03 9.01 129.07 0.07
GD
Response -71.01 17.93 —3.96%** 1.60 6.75 0.24 —-70.81 18.21 —3.89%**
Type:
Now
Response -85.12 25.93 —3.28%* -6.35 9.77 -0.65 -80.41 26.35 —3.05**
Type:
Now
*Group:
GD

tained on both MD (X% = 35.17, p < 0.01), AUC (X? = 17.33,
p < 0.01) and x-flip (X2 = 8.10, p < 0.01), and a marginally signifi-
cant or non-significant effect of group on x-flips (X* = 3.56, p = 0.06),
MD (X? = 0.57, p = 0.45) and AUC (X?> = 0.63, p = 0.43). Finally,
the significant group by response type interaction was replicated

on both MD (X = 26.80, p < 0.0001) and AUC (X? = 31.61,
p < 0.0001) and remained non-significant on x-flips (X% = 1.19,
p = 0.28).

As for the model on the spatial parameters, the analyses conducted
on the temporal measures of mouse kinematics indicated that trajecto-
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Fig. 4. Results of the temporal measure of mouse kinematics. Results of the linear
mixed-effects models conducted to predict the (A) total time, (B) initiation time and (C)
motion time using the fixed effects of group (GD, HC), response type (now, later) and their
interaction term.

ries associated with repeated responses (vs. non-repeated) were charac-
terized by a shorter total time and motion time. Statistically, this was
shown by a significant effect of the factor on total time (X* = 218.67,
p < 0.0001) and motion time (X> = 196.08, p < 0.0001) but not on
the initiation time (X* = 1.86, p = 0.17).

Consistent with the original results, the effect of group remained
non-significant on all the three temporal measures (total time:
X2 = 0.06, p = 0.81; initiation time: X? = 0.00, p = 0.98; motion
time: X2 = 0.06, p = 0.81) and the significant effect of response type
was replicated on both the total time (X2 = 37.94, p < 0.0001) and
the motion time (X2 = 35.56, p < 0.0001), and remained non-signifi-
cant on the initiation time (X = 0.00, p = 0.95). Finally, the signifi-
cant group by response type interaction was replicated on the total time
(X? = 8.42, p < 0.01) and the motion time (X = 7.22, p < 0.01), and
remained non-significant on the initiation times X2 = 0.38, p = 0.54).
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3.3. Spatial indices of mouse kinematics as behavioral markers of
discounting preferences

A final set of LMM was run to test whether the spatial measures of
mouse kinematics could be used to predict individual discount rates in
the two groups.

As reported in Table 5, this analysis revealed a non-significant effect
of the spatial parameters (MD: X2 = 0.07, p = 0.79; AUC: X? = 3.36,
p = 0.08), but a statistically significant main effect of response type
(MD: X? = 3299.47, p < 0.001; AUC: X? = 3201.19, p < 0.001),
group (MD: X? = 2216.81, p < 0.001; AUC: X? = 2195.87, p < 0.001)
and second level interaction between them (MD: X2 = 29.61,
p < 0.001; AUC: X? = 24.78, p < 0.001). Therefore, consistent with
the results shown in the previous sections (see 3.1, 3.2), these re-
sults indicated that k values could be differentiated on the basis of re-
sponse type and group but not using kinematic measures alone. A sta-
tistically significant interaction was also found between the spatial in-
dices and the group (MD: X? = 271.05, p < 0.001; AUC: X? = 161.84,
p < 0.001) indicating that the dynamic of choice selection was differen-
tial in the two groups. Specifically, while in GD patients lower curvature
(MD/AUC) predicted higher discount rates (i.e., high number of now
choices associated with straight trajectories), in HC higher curvature
predicted lower discount rates (i.e., curved trajectories in both choice
alternatives).

The crucial result of this analysis, however, was a significant sec-
ond level interaction between the kinematic spatial measures and the
response type (MD: X? = 1812.88, p < 0.001; AUC: X? = 1326.44,
p < 0.001). Indeed, as clearly illustrated in Fig. 5A and B, while a neg-
ative relationship can be observed between the spatial indices associated
with the selection of the immediate reward and the discount rates (i.e.,
straighter trajectories and lower MD/AUC associated with selection of
the immediate option predicted higher k values, see red line), a posi-
tive relationship is observed between the spatial indices associated with
the selection of the delayed reward and the discount rates (i.e., higher
curvature and higher MD and AUC associated with selection of the de-
layed option predicted higher k values, see the blue line). However, the
significant third level interaction between MD/AUC, response type and
group (MD: X? = 27.78, p < 0.001; AUC: X? = 14.55, p < 0.001), in-
dicated that this pattern was more pronounced in the GD than in HC
group (compare yellow and orange lines for the now option, and cyan
and light blue lines for the later option). The kinematic pattern of gam-
blers was characterized by a pronounced attraction toward the imme-
diate alternative (straight-line trajectories) and a simultaneous reduced
attraction toward the delayed option (edge-curved trajectories).

4, Discussion

In this study, where we investigated the cognitive dynamics underly-
ing intertemporal choice, we suggest that the spatial measures of mouse
kinematics may represent a reliable, implicit behavioral marker of dis-
counting preferences in patients with gambling disorder (GD).

When considering explicit discounting measures, in line with cur-
rent literature, GD patients discounted future rewards (i.e., k values)
more steeply than healthy control individuals (HC), along with a reduc-
tion of the subjective values associated with both short- and long-time
delays. Intriguingly, the analyses of the implicit spatial and temporal
measures of mouse kinematics revealed that GD patients were char-
acterized by a distinctive pattern of choice trajectories, marked by a
strong bias toward the immediate gratification (i.e., now choices). In-
deed, in this group, the selection of the immediate reward was associ-
ated with straight trajectories, characterized by low curvature and hes-
itation, as well as, faster latencies. Conversely, the selection of the f