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Decision-making requires that individuals perceive the probabilities and risks associated with different options. Experimental human and animal laboratory testing provide complimentary insights on the psychobiological underpinnings of decision-making. The Iowa gambling task (IGT) is a widely used instrument that assesses decision-making under uncertainty and risk. In the task participants are faced with a choice conflict between cards with varying monetary reinforcer/loss contingencies. The rat gambling task (rGT) is a pre-clinical version using palatable reinforcers as wins and timeouts mimicking losses. However, interspecies studies elaborating on human and rat behavior in these tasks are lacking. This study explores decision-making strategies among young adults (N = 270) performing a computerized version of the IGT, and adult outbred male Lister Hooded rats (N = 72) performing the rGT. Both group and individual data were explored by normative scoring approaches and subgroup formations based on individual choices were investigated. Overall results showed that most humans and rats learned to favor the advantageous choices, but to a widely different extent. Human performance was characterized by both exploration and learning as the task progressed, while rats showed relatively consistent pronounced preferences for the advantageous choices throughout the task. Nevertheless, humans and rats showed similar variability in individual choice preferences during end performance. Procedural differences impacting on the performance in both tasks and their potential to study different aspects of decision-making are discussed. This is a first attempt to increase the understanding of similarities and differences regarding decision-making processes in the IGT and rGT from an explorative perspective.
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Introduction

Decision-making is a process involving a choice between two or more different alternatives, which requires that individuals perceive the probabilities and risks associated with each option and estimate the consequences of each option in the short, medium, and long term (Ernst and Paulus, 2005; Mata et al., 2011; Buelow, 2020). Decision-making impairments can be defined as a tendency toward risky or unwise choices and play an important role in substance use disorders and behavioral addictions (Bickel et al., 2018; Koffarnus and Kaplan, 2018), as well as other psychiatric conditions or neuropsychiatric disabilities (Buelow and Suhr, 2009), such as schizophrenia (Kim et al., 2016), obsessive compulsive disorder (Zhang et al., 2015), attention-deficit hyperactivity disorder (Toplak et al., 2005), and affective disorders (Miu et al., 2008; Must et al., 2013; de Siqueira et al., 2018). One way of conceptualizing decision-making is through experimental studies using laboratory behavioral tests on both humans and animals. Studies have shown that decision-making in animals share similar preferences and biases that are seen in human choice behavior, e.g., escalating commitment and loss chasing (Winstanley and Clark, 2015). These similarities enable the use of laboratory animals to understand the neurobiological underpinnings of decision-making. Several rodent tasks have been developed to enable studies of different aspects of decision-making (de Visser et al., 2011; Izquierdo and Belcher, 2011; Winstanley and Floresco, 2016; Izquierdo et al., 2019). Such tasks aspire to simulate human decision-making processes. However, studies examining interspecies data on human and animal behavior in these tasks are scarce, but important from a translational perspective.

The Iowa gambling task (IGT) (Bechara et al., 1994) is a widely used clinical and experimental instrument for the assessment of decision-making under uncertainty and risk. The task requires individuals to perceive risk probabilities through feedback of monetary reinforcers and punishment to achieve the optimal decision-making strategy. The task was originally designed to measure decision-making impairments among patients with damage to the ventromedial prefrontal cortex (VMPFC) (Bechara et al., 1994, 1997, 1999, 2000a) and has since been used to evaluate decision-making performance among a wide range of both clinical and non-clinical human samples (Buelow and Suhr, 2009). It is also a valid measure of decision-making in gambling disorder (Brevers et al., 2013; Linnet, 2013). In the IGT, participants are presented with four decks with each card containing monetary reinforcers and occasional penalties. Unknown to the participants the cards differ in their monetary gain/loss schedule and long-term gain probability. Two of the decks (A and B) contain large immediate gains, but these are offset by larger occasional penalties. Continuous selections from these decks results in an overall monetary loss, making them disadvantageous with regards to their long-term outcome. The other two decks (C and D) are advantageous and provide small gains and small penalties, resulting in a long-term monetary profit. Hence, the optimal decision-making strategy, resulting in the participant maximizing the total gain, is achieved through learned preferences for the long-term profit. Impaired decision-making is characterized by preferences for the riskier options and larger immediate rewards, suggesting an insensitivity to future consequences or a hypersensitivity to reward (Bechara et al., 2000a,2002; Bechara and Damasio, 2002). The standard approach to assess performance on the IGT is by subtracting disadvantageous (deck A + B) from advantageous (deck C + D) choices across 100 trials or per 20-trial blocks, resulting in individual net-scores indicating a tendency toward advantageous or disadvantageous choices (Bechara et al., 2000b). Research also suggests that some individuals in the IGT may apply a decision-making strategy where they seek to minimize the frequency of losses, rather than maximizing the long-term gains of the different choices (Caroselli et al., 2006; Lin et al., 2007; Chiu et al., 2008; Steingroever et al., 2013; Barnhart and Buelow, 2021). This is indicated by net-scores obtained from the number of choices from the low-loss frequency decks (B + D) minus the high-loss frequency decks (A + C).

During the first part of IGT, participants have insufficient knowledge about the risks and benefits associated with each option. The participants acquire information on the relative risks and benefits based on the reinforcer and punishment feedback obtained as the task progresses (Brand et al., 2007). Early research put forth a dual process theory to explain how decisions are made in the IGT, suggesting that decisions are guided by emotions and “gut feelings” during the early trials, i.e., decisions under ambiguity, and as the task progresses, more calculated and conscious decisions occur, i.e., decisions under risk (Maia and McClelland, 2004; Dunn et al., 2006; Brand et al., 2007; Guillaume et al., 2009). However, on an individual level, the gradual transition from implicit to more explicit processes in decision-making occurs at different time points in the task (Brand et al., 2007). Additionally, these systems do not operate independently, but interact to form decisions through connections between amygdala, striatum, VMPFC, and dorsolateral prefrontal cortex (DLPFC) (Bechara et al., 1999; Bechara and Damasio, 2005; Weller et al., 2007; Lin et al., 2008; Wood and Bechara, 2014). Hence, performance on the IGT is complex and relies on the interaction of both emotional feedback processing as well as more deliberate cognitive resources, although the extent to which these processes operate and interact to guide decisions varies to a great extent between individuals (Wood and Bechara, 2014; Buelow and Blaine, 2015). It is well known that healthy human individuals show considerable variability in their performance on the IGT indicated by widely diverging net-scores, tendencies to explore the different options, and varying learning rates (Steingroever et al., 2013; Bull et al., 2015; Barnhart and Buelow, 2021). The individual differences in IGT performance observed among non-clinical human samples may be attributed to several factors such as educational levels (Davis et al., 2008), motivation (Giustiniani et al., 2015), negative affect (Suhr and Tsanadis, 2007), as well as mood and personality characteristics (Buelow and Suhr, 2013).

The rat gambling task (rGT) is loosely based on the IGT and uses sucrose pellets as reinforcers and timeout periods as punishment, mimicking monetary losses in the IGT (Zeeb et al., 2009; de Visser et al., 2011). In contrast to the IGT, the time-outs in the rGT does not detract earnings, but rather the opportunity to earn pellets during a certain amount of time. Other rodent gambling tasks have used aversive tasting quinine pellets to signal a loss (de Visser et al., 2011). However, using this approach the rats never risk finishing the task with a disadvantageous outcome. The optimal strategy in IGT requires individuals to maximize their overall profit across the task. Similarly, in the rGT used herein, individuals have a limited amount of time to maximize the number of pellets and must learn to avoid the options associated with larger immediate number of reinforcers and longer punishing time-outs. Hence, both tasks assess strategies of overall maximization.

The rGT was originally developed to specifically assess gambling-like decision-making processes. It was designed to be suitable for experiments testing the effects of different manipulations, including pharmacological, on decision-making. In the rGT, rats perform repeated daily testing in order to reach stability in choice preferences (Zeeb et al., 2009). The outline of the test is similar to the IGT, with four choices associated with different gain/loss contingencies. However, options in the rGT differ from those in the IGT both regarding frequency and magnitude of gains and losses. In the IGT there are clearly two advantageous and two disadvantageous options with regards to their long-term net gain, while the choices in the rGT are harder to classify in that way. One choice is clearly the most advantageous, and the remaining three options are increasingly disadvantageous. We and others have shown that the majority of rats learn and maintain a stable choice on the most advantageous option associated with smaller immediate gains but greater overall net gain, in favor of the disadvantageous options associated with larger immediate gains but greater overall net losses (Zeeb et al., 2009; Zeeb and Winstanley, 2011; Barrus et al., 2015; Barrus and Winstanley, 2016; Tjernström et al., 2022). Decisions are based on reinforcer/punishment feedback gained during the task and studies have established that similar brain regions, as observed in humans performing the IGT (such as DLPFC and VMPFC/orbitofrontal cortex), are activated during the course of the rGT (Zeeb et al., 2015). In addition, individuals with different gambling strategies in the rGT were found to differ in connectivity in regions associated with brain reward networks (Tjernström et al., 2022).

Studies investigating inter-individual variability in decision-making using various versions of rodent gambling tasks found subpopulations of decision-makers (Rivalan et al., 2009; Pittaras et al., 2016; Cabeza et al., 2020; Tjernström et al., 2022), suggesting similar variability as observed in healthy humans (Steingroever et al., 2013). Similar to the standard scoring approaches commonly used in the IGT (Bechara et al., 2000b), many rGT studies tend to group the options into advantageous and disadvantageous choices, and the main focus has been on factors and treatments that attenuate the disadvantageous options in favor of the more advantageous choices (Rivalan et al., 2011; Zeeb and Winstanley, 2011; Adams et al., 2017a,b). Nevertheless, these scoring approaches fail to consider individual choice behavior and potential variability in the decision-making strategies within groups of healthy individuals. Therefore, studies on individual differences in the rGT are warranted.

Studies assessing and comparing interspecies data on the IGT, and rodent analogs are scarce. Cabeza et al. (2020) statistically compared human performance on the IGT and mouse performance on the IGT-adapted mouse gambling task (mGT), using the same analytical approaches. As indicated by previous research, similar patterns of choice strategies were found among humans and mice, where both species progressively developed a preference for the long-term advantageous choices, although mice showed a faster learning rate than humans (Cabeza et al., 2020). However, there are currently no studies comparing data from both human and rat performance on the IGT and the rGT in the same study, using the same scoring approaches. The rGT is often referred to as a rat analog to the IGT even though there are considerable procedural differences between the human and rat tasks, and it is not clear to what extent the different choices on the rGT corresponds to the choices of the IGT. Reporting the results from both human and rat experiments and unraveling different aspects of decision-making involved during these tasks may provide valuable insights for both clinical and pre-clinical researchers using these tasks.

Therefore, the aim of this study was to explore individual decision-making strategies in experimental gambling settings among humans and rats. Initially, the choices of the IGT and rGT were investigated using the grouping method that is similar for both tasks, where scores are calculated by subtracting disadvantageous from advantageous choices (Bechara et al., 2000b; Zeeb and Winstanley, 2011). Furthermore, the individual choices were explored by comparing subgroup formations for identification of strategic and non-strategic decision-making individuals.



Materials and methods


Procedures of the Iowa gambling task


Human participants

Human participants of this study were recruited from a large cohort study [Survey of Adolescent Life in Västmanland, SALVe Cohort; the 2015 wave 2 (n = 1,644)] of young adults, born in 1997 and 1999. Data were collected during an experimental session at Västmanland County Hospital, Västerås, Sweden. Eligible participants, based on criteria required for the experimental session, were consecutively included until the final sample was reached [for a detailed report on the inclusion procedure, see Hultman et al. (2022)].

In total, 270 volunteers (140 women, 130 men) aging between 18 and 22 years were invited to an experimental gambling session. Data were collected during 2017–2019. Upon direct questioning, none reported any current or previous history of gambling disorder diagnosis. Prior to the experimental session the participants also completed the Problem Gambling Severity Index (PGSI) (Ferris and Wynne, 2001). The scores were summarized in four categories of different levels of problem gambling: non-problem gambler = 0, low-risk gambler = 1–2, moderate-risk gambler = 3–7, problem gambler ≥8 (Public Health Agency of Sweden, 2010). According to self-reports, 35 participants fell in the categories from low-risk gambler to problem gambler, with 20 participants considered as low risk (2 females, 18 males), 14 as moderate risk (3 females, 11 males) and one male considered a problem gambler (Public Health Agency of Sweden, 2010). Independent sample t-tests were performed to compare the sub-sample of the current study (N = 270) and the cohort (N = 1,215), in terms of self-reported symptoms on the Adult ADHD Self-Report Scale (ASRS) (Kessler et al., 2005), Depression Self-Rating Scale (DSRS) (Svanborg and Ekselius, 2003), and the Adult Anxiety Scale-15 (AAS-15) (Spence, 2017). No significant differences were found in terms of self-reported symptoms of depression (p = 0.961) or ADHD (p = 0.543), while the current sub-sample had significantly lower levels of self-reported symptoms of anxiety compared to the cohort (p = 0.015).

Detailed information on the procedure was given by the examiner and informed consent was obtained from all participants upon arrival to the experimental session. The study was approved by the Ethical Review Board of Uppsala (dnr 2016/569), with an extended approval (dnr 2019-01368).



Experimental procedure

Human participants performed several tasks during the same experimental session. The sessions included: a battery of questionnaires (on gambling, gaming, personality traits, sleep habits, sensory processing sensitivity, and positive/negative affect), four emotion cognition tasks, two interviews on substance- and behavioral addictions, and three different gambling tasks. Participants were reimbursed a gift card with a fixed amount (1,000 SEK ≈ 100 €) for participation. The participants were also informed that they would receive additional gratification depending on their performance in the gambling tasks. The maximum additional amount was 200 SEK/task (10 SEK ≈ 1 €). The IGT considered in the current study was administered as the second out of three gambling tasks during the latter part of the session.



Iowa gambling task

A computerized version of the original IGT by Bechara et al. (1994) was administered displaying four virtual disadvantageous (A and B) and advantageous (C and D) card decks, from which the participants repeatedly chose one card at a time in order to maximize their profit as much as possible across 100 trials. The original task was modified in terms of visual and auditory stimuli to resemble a casino environment. Similar to the published instructions (Bechara et al., 1999), the only hint provided about the task was that some decks were better, and some were worse. These instructions are known to improve performance on the task (Balodis et al., 2006; Fernie and Tunney, 2006). All participants started with a credit of 2,000 SEK. Two bars/lines showing the continuously accumulated amount of earnings and losses were displayed at the top of the computer screen, and the total earnings displayed to the right. Participants used the computer mouse to select a deck, revealing a card with two values: gain and loss. The sum on each card resulted in either a positive amount added to the total earnings, or a negative amount subtracted from the total earnings. A positive amount was followed by a winning sound, and conversely, a negative amount was followed by a losing sound. Participants could switch between each deck as many times as they pleased. Continuous selections from decks A or B over 10 trials resulted in a net loss of 250 SEK, while 10 selections from decks C or D resulted in a net gain of 250 SEK. The win-loss-contingencies during the first 10 trials (and repeated throughout the task) are presented in Table 1. The total virtual net profits at the end of the task were converted to a real gift card gratification according to the following: net profits <100 SEK resulted in 0 gratification, net profits between 100 and 1,000 SEK resulted in 100 SEK gratification, and net profits >1,000 SEK resulted in 200 SEK gratification.


TABLE 1    The win-loss-contingencies (in SEK) during the first 10 trials and repeated throughout the IGT.
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Procedures of the rat gambling task


Animals and housing

The rat data used herein are combined based on two previous studies (Tjernström et al., 2022; Tjernström and Roman, 2022; manuscript resubmitted for review). Outbred male Lister Hooded (HsdOla:LH, Envigo, Horst, Netherlands; N = 72) rats were delivered at 5–6 weeks of age. The animals were pair-housed in transparent cages type IV (59 × 38 × 20 cm) with raised lids containing wood chip bedding. For enrichment purposes each cage had paper sheets (40 × 60 cm, Cellstoff, Papyrus) and a wood tunnel. The cages were kept in an animal room on a reversed light/dark cycle (lights off at 6:00 am) with a masking background noise. The animal room was kept in constant temperature (22 ± 1°C) and humidity (50 ± 10%). The animals had access to rat chow (type R36, Lantmännen, Kimstad, Sweden) ad libitum until the start of the rGT. During the rGT, the rats were food restricted to 85% of their free feeding weight and maintained on 14 g of rat chow given 1 h after their gambling session. The chow was spread out in the cage in order to secure access for both individuals in a pair. Body weight of the animals was closely monitored to ensure that the food restriction was properly carried out. Water was available ad libitum during the whole experiment. All procedures were performed during the dark phase of the light/dark cycle.

All animal experiments were approved by the Uppsala Animal Ethical Committee (permit number 5.8.18-00833/2017) and followed the guidelines of the Swedish Legislation on Animal Experimentation (Animal Welfare Act SFS 1998:56 and Animal Welfare Act SFS 2018:1192), and the European Union Directive on the Protection of Animals Used for Scientific Purposes (Directive 2010/63/EU).



Rat gambling task procedure

The rGT procedure has been described in detail elsewhere (Tjernström et al., 2022). The rGT took place in five-hole operant chambers (34 × 33 × 33 cm) placed inside ventilated sound-attenuating cabinets (56 × 56 × 70 cm; Med Associates, St. Albans, VT, United States). The chambers included response holes, a food tray, and a house light. Both the response holes as well as the food tray were equipped with stimulus lights and photograph beams to record responses. The food tray was connected to a pellet dispenser that delivered 45 mg sucrose pellets (Sandown Scientific, Middlesex, UK). The chambers were controlled by software written in Med PC (Med Associates, Inc.). The chambers were cleaned with 10% ethanol solution and allowed to dry between subjects.

The rats were habituated to the chambers on two daily 30-min sessions where sugar pellets were placed in all four response holes and in the food tray. Following this, the rGT training started and the rats had to progress through six levels of increasing complexity. This part of the training is intended to teach the rats to connect a response in the response hole with a pellet delivered in the food tray, and to increase the speed of which they perform the task. The training schedule was based on the schedule published by Zeeb et al. (2009), but with some modifications. A response in the food tray was needed to start a trial. When the training was completed a forced choice rGT was performed, that had all the same parameters as the free choice rGT (described in the following section). The difference was that in the forced choice rGT only one response hole was lit and only a response in that hole gave rise to either pellet deliveries or a timeout punishment. This was done for seven sessions to make sure that all the choice alternatives had been explored.

A schematic of the test is shown in Figure 1. A trial was initiated by a response in the illuminated food tray, followed by a 5 s inter-trial-interval (ITI) when the subject had to wait before a response could be made. Thereafter, the rat was able to make a free choice between the four different holes. The response holes were associated with different number of pellets delivered, length of punishing timeouts and probabilities of reinforcer or punishment. The contingencies with regard to pellet probability, number of pellets delivered and duration of punishing timeouts for the different options were: P1: p = 0.9, 1, and 5 s; P2: p = 0.8, 2, and 10 s; P3: p = 0.5, 3, and 30 s; P4: p = 0.4, 4, and 40 s (Figure 1). The task was performed for five consecutive days per week and the sessions lasted for 30 min. The percentage of each choice was calculated [(number of choices of that option/number of completed trials) × 100] for P1, P2, P3, and P4.
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FIGURE 1
Schematic of the rat gambling task (rGT) displaying contingencies with regard to number of rewarded pellets as well as probability and duration of punishing timeouts for the different options (modified from Tjernström et al., 2022). Omissions and premature responses in the rGT have been described elsewhere (Tjernström et al., 2022; Tjernström and Roman, 2022; manuscript resubmitted for review) but were not used in the present study. ITI, inter-trial-interval.





Data processing

In the IGT, a total of six participants were excluded from analysis due to repeated selections from one single deck across the entire session resulting in insufficient exploration of the deck contingencies assumed to guide decisions (Bechara et al., 1994), leaving a total of 264 human participants included in the analyses. In the rGT, two rats were excluded from end performance measures due to missing values in week 5.



Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 26 and Microsoft Excel. Figures were created in SPSS and GraphPad Prism 9. The significance threshold was set at p < 0.05. Normative scoring approaches were performed to analyze human and rat behavioral data. First, a standard scoring approach was conducted to assess overall performance in both tasks. Scores were calculated by the selections from the advantageous choices minus the selections from the disadvantageous choices [IGT: (C + D)–(A + B), and rGT: (P1 + P2%)–(P3 + P4%)] across 100 trials in both tests, and 25 days in the rGT. To investigate changes in patterns of decision-making during the tasks, choice scores were calculated for each 20-trial block across 100 trials in both tasks, and for each week (5 days) in the rGT. To standardize, block-wise scores in the IGT were multiplied by 5 to approximate the choice scores in rGT. Human and rat decision-making performance were also assessed according to their end performance. In the IGT, choice scores were obtained during the last 40 trials of the task (trials 61–100) which is commonly termed decision-making under risk (Brand et al., 2007). Correspondingly, choice scores in the rGT were obtained during the last week (5 days). Choice scores >0 indicated a tendency toward the advantageous choices, whereas choice scores <0 indicated a tendency toward the disadvantageous choices. Individual decision-making strategies during end performance were also explored by the formation of subgroups. The most extreme individuals in each choice were identified using mean + 1 standard deviation (SD) of the percentage of individual choices during trials 61–100 of the IGT, and during the last week (5 days) of the rGT. These were further categorized into subgroups of “good,” “intermediate,” and “poor” decision-makers according to the following: IGT: high in A + high in B = poor, high in C + high in D = good, intermediates = intermediates; rGT: high in P3 + high in P4 = poor, high in P1 + high in P2 = good, intermediates = intermediates. Statistical comparisons between the tasks were performed with regards to block-wise choice scores across the first 100 trials, and scores between subgroups during end performance. Repeated-measures analysis of variance (ANOVA) were used to analyze summary measures of choice scores, with significance threshold set at p < 0.05, and Huynh-Feldt and Greenhouse-Geisser corrections used. Post-hoc tests included Bonferroni corrections. The magnitude of the effect (ηp2) in the ANOVA models were assessed according to Cohen (2013) guidelines: small = 0.01, medium = 0.06, and large = 0.15.

Analyses based on various personality characteristics within the human sample were performed using independent samples t-test. To explore whether participants decision-making could be explained by the loss-frequency decision-making strategy, scoring was obtained by taking the number of choices from the low-loss frequency decks (deck B + D) minus the high-loss frequency decks (deck A + C). The loss-frequency-based scoring approach was only explored in the human sample.




Results


Overall performance indicated by standard scoring approaches


Iowa gambling task (across 100 trials)

Choice scores were calculated according to the standard scoring approach assessing long term decision-making, taking the number of advantageous choices (deck C + D) minus the number of disadvantageous choices (deck A + B) across 100 trials. Using a cutoff of choice scores >0 most of the subjects (N = 147, 55.7%) showed a preference for the advantageous decks (C + D) across 100 trials, although a large proportion (N = 117, 44.3%) did not.

Overall performance was further investigated by calculating choice scores according to the loss-frequency approach. Using a cutoff of >0 a majority of the participants showed a preference for the low-loss frequency decks across 100 trials (N = 163, 61.7%), although a large proportion of the participants did not (N = 101, 38.3%) (Supplementary Table 1).

Independent sample t-tests were performed to investigate differences in choice scores across the task (trials 1–100) based on participants sex and self-reported symptoms on the ASRS-18, DSRS, AAS-15, and the PGSI. Results revealed no significant differences in performance related to sex or any of the self-reported symptoms. However, there was a numerical difference in mean choice scores between females and males. Individuals above the cutoff for self-rated symptoms of depression had lower mean choice scores, but the difference was not significant (Table 2).


TABLE 2    Independent sample t-test analysis of mean choice scores across the task (trials 1–100) based on sex and self-reported symptoms.
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Rat gambling task (across 25 days)

Choice scores [(P1 + P2%)–(P3 + P4%)] were calculated across all 25 days in the rGT. Using a cutoff of choice scores >0, all subjects (N = 72, 100%) showed a preference for the advantageous choices (P1 + P2) across all 25 days of the rGT.




Performance patterns indicated by standard scoring approaches


Iowa gambling task (20-trial blocks)

To explore learning during the task, choice scores were calculated [number of advantageous choices (deck C + D) minus the number of disadvantageous choices (deck A + B)] for each 20-trial block (Table 3). The range of possible choice scores was −100 to +100 for each block. A repeated measures ANOVA with Huynh-Feldt correction determined a main effect of blocks on choice scores (F(3.160, 830.95) = 30.454, p < 0.001, ηp2 = 0.10). Post-hoc test with Bonferroni corrections revealed a significant increase in choice scores from block 1 to block 3 (p < 0.001). There was no significant difference between block 3 and 4 (p = 0.387) or blocks 4 and 5 (p = 0.382), indicating an overall stabilization of performance during the final two blocks (trials 61–100).


TABLE 3    Mean choice score [(C + D%)–(A + B%)] and standard deviation (SD) per 20-trial block of the IGT.
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Sex differences in choice score progression was explored using a two-way repeated measures ANOVA with Huynh-Feldt corrections. Results revealed a significant main effect of block (F(3.187, 835.086) = 31.183, p < 0.001, ηp2 = 0.106), but not for sex (F(1, 262) = 0.900, p = 0.334, ηp2 = 0.003). Post-hoc tests with Bonferroni corrections showed no significant differences in choice scores between males and females in blocks 1, 2, 3, or 4. However males had higher choice scores in block 5 (p = 0.040).

Block-wise choice scores were also calculated according to the loss-frequency approach (Supplementary Table 2). A repeated measures ANOVA with Greenhouse-Geisser correction showed no significant effect of blocks on the loss-frequency scores (F(2.902, 763.27) = 1.230, p = 0.298, ηp2 = 0.005).



Rat gambling task (20-trial blocks and weeks)

Average choice scores were calculated during the first 100 trials for each 20-trial block of the rGT. Since the rats performed different number of trials each day of testing, additional trials from day 2 were added for the rats that did not reach 100 trials during day 1. The range of possible choice scores was −100 to +100 for each block (Table 4). A repeated measures ANOVA with Greenhouse-Geisser correction determined a significant effect of blocks (F(4, 284.000) = 7.626, p < 0.001, ηp2 = 0.09). Post-hoc tests with Bonferroni corrections revealed a significant increase in scores from block 1 to 2 (p < 0.001), but there were no increases in scores between blocks 2, 3, 4, and 5.


TABLE 4    Mean choice scores [(P1 + P2%)–(P3 + P4%)] and standard deviation (SD) per 20-trial block of the rGT.
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Average choice scores were also calculated for each week that the rats underwent testing in the rGT (Table 4). Since percentage of choices were used to calculate the choice scores, the range of possible choice score was −100 to +100 for each week. A repeated measures ANOVA with Greenhouse-Geisser correction determined a significant effect of weeks (F(2.031, 140.167) = 12.690, p < 0.001, ηp2 = 0.15). Post-hoc test with Bonferroni corrections revealed a significant increase in choice scores from week 1 to week 2 (p < 0.001). However choice scores were numerically higher in week 3 compared to week 5 but did not reach a significant difference (p = 0.069).



Iowa gambling task and rat gambling task (comparing 100 trials)

Differences in choice score progression between humans and rats were tested using a two-way repeated measures ANOVA with Huynh-Feldt corrections. There was a significant main effect of both block (F(3.283, 1096.389) = 19.571, p < 0.001, ηp2 = 0.05) and group (F(1, 334) = 115.044, p < 0.001, ηp2 = 0.256). Post-hoc tests with Bonferroni corrections determined a significant difference in choice scores between humans and rats for all blocks (p < 0.001) (Figure 2).
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FIGURE 2
Mean choice score per 20-trial block across the first 100 trials of the IGT and rGT. Data are presented as mean ± 1 standard error (SE).





Longitudinal choice patterns


Iowa gambling task (across 100 trials)

Figure 3A illustrates changes in deck choices over time, indicating a trend toward the advantageous decks (C + D) away from the disadvantageous decks (A + B). During the final block of the IGT, the choice preferences (mean and SD) were the following: D = 32.90% (21.75), C = 27.44% (21.76), B = 22.68% (16.13), A = 16.98% (11.78).
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FIGURE 3
Average choices (%) per 20-trial blocks over the entire session of the IGT (A) and the first 100 trials of the rGT (B). Data are presented as mean ± 1 standard error (SE).


Independent samples t-test were also conducted to explore sex differences in each separate choice option per block. Results revealed higher mean choices of B during the last block among females compared to males (p = 0.038). No differences were found in mean choices of A, C, or D across the blocks.



Rat gambling task (across 100 trials)

Figure 3B illustrates the average choices over time across the first 100 trials of the rGT, indicating an increasing preference for P1 and relatively stable choice levels for P2, P3, and P4. During the final block the choice preferences (mean and SD) were the following: P2 = 57.42% (21.38), P1 = 27.47% (15.55), P3 = 9.03% (11.14), P4 = 6.05% (11.49).



Rat gambling task (across 25 days)

Figure 4 illustrates the average choices over the 25 days that the rGT was performed. During the first 6 days P1 was the favored choice, but from day 7 until the end of the rGT, P2 was the most preferred choice. During the last week of the rGT, the choice preferences (mean and SD) were as follows: P2 = 57.42% (21.38), P1 = 27.47% (15.55), P3 = 9.03% (11.14), P4 = 6.05% (11.49).
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FIGURE 4
Average choices (%) for each day that the rGT was performed. Data are presented as mean ± 1 standard error (SE).





Decision-making during end performance


Iowa gambling task (during trials 61–100)

Based on previous analysis (Section “Iowa gambling task (20-trial blocks)”) indicating stabilization in overall choice scores during the final two blocks, end performance was assessed by calculating choice scores across trials 61–100. Results revealed that most participants had developed a preference for the advantageous decks (N = 166, 62.9%) using a cutoff of >0. However, a noteworthy proportion of participants did not, thus failed to develop a preference for the long-term advantageous decks (N = 98, 37.1%).

End performance was also investigated by calculating loss-frequency scores. During this phase most participants showed a preference for the low-loss frequency decks, but results did not confirm a learned preference for the loss-frequency strategy in favor of the long-term strategy in our sample (Supplementary Tables 1, 2).

Independent sample t-tests were performed to investigate differences in standard choice scores during the last blocks (trials 61–100) based on participants’ sex and self-reported symptoms of ADHD, depression, anxiety, and problem gambling. Results revealed no significant differences in performance related to sex or any of the self-reported symptoms during this phase (Supplementary Table 3).



Rat gambling task (during the last 5 days)

Calculating choice scores [(P1 + P2%)–(P3 + P4%)] across the last 5 days of the task, i.e., the last week, revealed that most individuals had developed a preference for the advantageous choices (N = 66, 94.3%) using a cutoff of >0. The remaining four subjects preferred the disadvantageous choices (N = 4, 5.7%).




Individual choices during end performance


Iowa gambling task (during trials 61–100)

Figure 5A illustrates the individual deck choices during the last part of the task (trials 61–100). Subgroups of individual choices were formed for each separate choice option during end performance. These subgroups were identified using the mean + 1 SD of the percentages in each separate choice option. This allowed identification and separation of the most extreme individuals in each choice, compared to the group mean. The proportion of individuals categorized as extremes in each choice option was A: N = 38 (14.4%), B: N = 31 (11.7%), C: N = 27 (10.2%), and D: N = 37 (14.0%). Individuals below the threshold of +1 SD in all choices were considered intermediates N = 129 (48.9%). Two individuals had a high frequency of choice in both A and B and were categorized accordingly. Subgroups were then plotted for visualization (Figure 5A). The mean percentages of individual deck choices for each subgroup of extreme individuals are displayed in Table 5.
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FIGURE 5
Scatterplots of the percentage of individual deck choices during trials 61-100 in the IGT (A), and during week 5 of the rGT (B), separating the most extreme individuals in each choice using mean ± 1 standard deviation. The most extreme individuals in each choice of the IGT (A) are colored as follows: high A-red, high B-orange, high C-blue, high D-green, high in both A and B-yellow, intermediates-black. The most extreme individuals in each choice of the rGT (B) are colored as follows: high P4-red, high P3-orange, high P2-blue, high P1-green, high in both P1 and P3-yellow, and intermediates-black.



TABLE 5    Mean percentages of individual deck choices (trials 61–100) in the IGT for each subgroup of extreme individuals in each choice based on +1 standard deviation (SD).
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Rat gambling task (during the last week)

The individual choices during week 5 (average of 5 days) are shown in Figure 5B. The proportion of individuals categorized as extremes in each choice option using mean + 1 SD were P1: N = 7 (10.0%), P2: N = 11 (15.7%), P3: N = 9 (12.9%), and P4: N = 9 (12.9%). Individuals below the threshold of +1 SD in all choices were considered intermediates N = 32 (45.7%). Two individuals had a high frequency of choice in both P1 and P3 and were categorized accordingly (Figure 5B). The mean percentages of individual deck choices for each subgroup of extreme individuals are displayed in Table 6.


TABLE 6    Mean percentages of individual deck choices (week 5) in the rGT for each subgroup of extreme individuals in each choice based on +1 standard deviation (SD).
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Sub-group comparisons during end performance

To enable comparisons between the two tasks, extreme individuals in each choice option were categorized into subgroups of “good,” “intermediate,” and “poor” decision-makers. IGT: high in A + high in B = poor, high in C + high in D = good, intermediates = intermediates; rGT: high in P3 + high in P4 = poor, high in P1 + high in P2 = good, intermediates = intermediates. The two individuals categorized as high in both A and B in the IGT were considered “poor.” The two individuals categorized as high in P1 and P3 in the rGT were considered “intermediates.” The proportion of individuals in each subgroup of the IGT was as follows: good: N = 64 (24.2%), intermediate: N = 129 (48.9%), and poor: N = 71 (26.9%). The proportion of individuals in each subgroup of the rGT was as follows: good: N = 18 (25.7%), intermediate: N = 34 (48.6%), poor: N = 18 (25.7%). A one-way ANOVA was used to compare choice scores between groups during end performance. Results showed a significant main effect of group (F(5) = 179.846, p < 0.001, η2 = 0.733). Post-hoc tests with Bonferroni corrections showed no differences in choice scores between the subgroup of good decision-makers in the IGT and good decision-makers in the rGT (p = 0.872), as well as intermediates in the rGT (p = 1.000). Intermediates in the IGT had significantly lower choice scores than intermediates in the rGT (p < 0.001). Poor decision-makers in the IGT also had significantly lower choice scores that the poor decision-makers in the rGT (p < 0.001) (Figure 6).
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FIGURE 6
Mean choice scores of each subgroup (good, intermediate, and poor) during trials 61–100 of the IGT and week 5 of the rGT.






Discussion

This study explored decision-making strategies among humans in the IGT and rats in the rGT, using similar approaches to compare both group and individual behavioral data, highlighting differences and similarities in the two tasks. Both the IGT and rGT results are based on large sample sizes. Differences were evident on a group level, in terms of overall performance and changes in average choice preferences across the tasks. On average, rats showed relatively consistent pronounced preferences for the advantageous choices throughout the entire task, while human performance was characterized by both exploration and learning as the task progressed. This confirms the typical performances of humans and rats previously reported (Bechara et al., 1994; Zeeb et al., 2009), and highlights the effect of procedural differences between the tasks. Nevertheless, the results also indicated similarities in terms of subgroup variability in choice preferences during end performance in both species.


Overall performance, choice progression and end performance

Most human participants increasingly preferred the advantageous choices, consistent with the assumption that most healthy participants learned to choose the advantageous options (Bechara et al., 1994, 2001; Bechara and Damasio, 2002). A distinct pattern of preference for the two advantageous options over the two disadvantageous options started to emerge and stabilize during the final part of the task, consistent with current theories that more conscious and deliberate choices are made during this phase, i.e., decisions under risk (Maia and McClelland, 2004; Dunn et al., 2006; Brand et al., 2007; Guillaume et al., 2009). Nevertheless, a substantial proportion of participants showed an overall preference for the disadvantageous options across the task and during end performance. Ultimately, the average number of advantageous selections in the current study did not reach the same high levels as originally reported by Bechara et al. (1994), but were within the same range (50–60%) as usually reported for healthy individuals in more recent studies (Steingroever et al., 2013; Buelow and Blaine, 2015). This is consistent with the notion that the original net-scores by Bechara et al. (1994) rarely have been replicated in healthy samples [for a review, see Steingroever et al. (2013)].

In contrast, all rats in the rGT showed a pronounced overall preference for the advantageous choices across all sessions, consistent with studies showing that a majority of rats learn and maintain a stable choice of P2 (Zeeb et al., 2009; Zeeb and Winstanley, 2011; Barrus et al., 2015; Barrus and Winstanley, 2016; Tjernström et al., 2022; Tjernström and Roman, 2022; manuscript resubmitted for review). The choice progression over time in the rGT showed a markedly different pattern relative to the progression in the IGT. The only shift in choice preferences among the rats was from P1 to P2 after day 7. Average choices of P3 and P4 was consistent throughout the 25 days, leading to a choice score that was almost unchanged throughout the course of the experiment. Consequently, only a small proportion of the rats were classified as disadvantageous during the final week of testing. Most rGT studies report the choice preference or the average score at the end of the rGT when the choice behavior is stable. Reported choice scores for rats in the rGT vary considerably; some report that disadvantageous individuals make up around 20% of the population (Adams et al., 2017b; Ferland and Winstanley, 2017), others over 30% (Ferland et al., 2018; Tremblay et al., 2021) or 0% (Ferland et al., 2019). However, reports on the weekly progression of choices are scarce and early studies report inconsistencies regarding the level of choice progression between P1, P3, and P4 (Zeeb et al., 2009; Zeeb and Winstanley, 2011). Consequently, previous research also revealed inconsistencies in terms of the ranking of these choices during end performance among rats (Baarendse et al., 2013; Barrus et al., 2015; Barrus and Winstanley, 2016). Therefore, it is difficult to discern how choice patterns normally develops and to what extent they differ between populations. The initial preference for P1 in the present study might be caused by the initial part of the training protocol, prior to the forced choice training. During this part a correct response yields one sugar pellet (the same as for choosing P1). Hence, the rats may initially choose P1 since it is similar to the conditions they are used to, or they might be avoiding timeouts at any cost before understanding that P2 is the more advantageous option. The initial preference for P1 agrees with previous findings (Tjernström et al., 2022; Tjernström and Roman, 2022; manuscript resubmitted for review), but contrasts findings of others (Zeeb et al., 2009; Zeeb and Winstanley, 2011). The inconsistent results on choice preference, as well as the differences in development of choice patterns, highlight the need for baseline data on choice progression to be reported. This may generate important insights regarding the behavioral effects of strain differences or small differences in training protocol, as well as underlying neurobiological mechanisms.

The differences in choice progression between humans in the IGT and rats in the rGT may be attributed to four procedural differences: (1) effects of rGT pre-training, (2) the number of trials administered during the two tasks, (3) the probabilistic schedule of the tasks, and (4) the win/loss frequency and magnitude. In the IGT, the present results reveal that trial-and-error learning occurred during the first 60 trials, consistent with the assumption that participants explore the different options during the first part of the task (decisions under ambiguity) and progressively develops a stable preference during the later phase of the task (decisions under risk). In the rGT, the rats undergo training in the operant chambers prior to the rGT. The first, most time-consuming part of the training only teaches them to make responses and collect pellets and gives no information about the choices and their respective pellet/punishment contingencies. However, the subsequent seven-session forced choice training requires the rats to choose all four options to make sure that all options have been explored with regard to number of pellets delivered and duration of punishing timeouts. As pointed out by Zeeb et al. (2009) the choice preferences in the rGT are established early on due to the forced choice training and stabilizes with multiple testing. Hence, the forced choice training in the rGT relative to the verbal instructions given to the humans in the IGT, may have an impact on choice progression in the two tasks.

Additionally, humans performed 100 trials in one session while the rats performed 25 sessions. The rGT procedure, with testing across multiple sessions, enable the rats to reach stability in their choice preferences. Hence, humans and rats likely rely on different memory systems to guide their choices. While humans must rely on working memory during one session, the rats likely use their long-term memory to determine their strategy after repeated testing. Consequently, different neural systems might be active during task performance in humans and rats. Several researchers have shown that a large proportion of healthy participants in the IGT fail to progress from the initial exploration phase and develop a stable preference after 100 trials, but that many were able to achieve a better final performance when the number of trials were increased to 200 trials (Balodis et al., 2006; Buelow et al., 2013; Steingroever et al., 2013; Bull et al., 2015; Cabeza et al., 2020). Therefore, an important limitation is that the task cannot dissociate learning insensitivities from risky preferences. Risks and benefits of each choice becomes explicit for some individuals toward the end of the task, but for others trial-by-trial learning still occurs after 100 trials. Hence, the IGT provides information on individual differences in decision-making during uncertain conditions, but the ability for IGT to distinguish pronounced risk-taking profiles may be questioned. Increasing the number of trials in the IGT would therefore enable analysis of individual differences in both trial-and-error learning as well as a more stable final performance reflecting individual choice preference, like the rGT.

Furthermore, the IGT and rGT also differ in terms of their probabilistic schedules. In IGT, the decks are stacked in a fixed order, and the large losses associated with the disadvantageous options occur after several trials (especially in deck B). This may prompt an initial preference for the disadvantageous choices that switches to a learned preference for the advantageous choices throughout the session. However, in the rGT the losses occur randomly. Previous research found that changing the order of the decks in the IGT, so that the large losses of the disadvantageous decks are presented on earlier trials, lead participants to favor the advantageous decks from the first block (trials 1–20) (Fellows and Farah, 2005). The effects of the rats forced choice training and the differences in the rGT win/loss contingency schedules likely contribute to the way the choices are perceived and implies that the degree to which rats and humans base their choices on explicit knowledge or implicit guidance during these tasks may differ significantly. The extent to which the individuals in the rGT and IGT, respectively, are explicitly aware of the basis of their decisions, is highly relevant for the interpretation of the processes involved in the tasks.

The rGT is often presented as the rat analog of the IGT, but the win/loss frequency and magnitude associated with each option differ between the tasks. It is mainly P1 in the rGT that differs from the options available in the IGT. Choosing P1 will give rise to frequent small wins and infrequent small losses, which may reflect risk averse decision-making (de Visser et al., 2011). It is unclear whether this type of risk aversive decision-making component is represented in the IGT. Furthermore, the most preferred advantageous choices in the rGT (P2), and in the IGT (deck D), may not reflect similar motives among rats and humans. Repeated selections from P2 may indicate a reward maximization strategy. However, the motives underlying repeated selections from deck D (containing relatively small infrequent losses) is not as obvious and may reflect either reward maximization or loss aversion.

However, previous research has shown that some individuals in the IGT may apply a decision-making strategy where they seek to minimize the frequency of losses, rather than maximizing the long-term gains of the different choices. Several studies report this strategy among healthy individuals (Caroselli et al., 2006; Lin et al., 2007; Chiu et al., 2008; Steingroever et al., 2013; Barnhart and Buelow, 2021). The loss-frequency scoring approach was explored in the human sample, but results did not confirm a learned preference for the low-loss-frequency strategy in favor of the standard long-term strategy in our sample.

Given that the magnitude and frequency of the choices in the IGT and rGT differ, they do not entirely correspond in terms of their risk/gain potential in the short- and long-term. Hence, there may be a discrepancy in terms of the way they are perceived and processed. To our knowledge, this has not been addressed in previous research, but is relevant from a translational perspective since it begs the question of what defines individuals as good or poor decision-makers in each of the tasks. Another version of the rGT has been developed to specifically measure IGT-like decision-making during only one session, in order to track individual choices and ongoing decision-making processes, that more closely resemble the IGT paradigm (Rivalan et al., 2009). Hence, comparing IGT-like decision-making processes in humans and rats utilizing this version of the rGT may represent an important future direction for research on decision-making. There is also a cued version of the rGT available, in which win-related audiovisual cues are incorporated. These cues are added to more closely mimic the environment present in human gambling and were shown to increase risky choice in the rGT (Barrus and Winstanley, 2016). The use of this version might be suitable when the aim is to specifically investigate gambling-like behavior, and it would be interesting to compare the individual differences in choice behavior in rGT and the cued rGT, as well as the IGT.



Individual choices during end performance

The individual choices during end-performance were also examined in both the IGT and rGT, by the formation of subgroups including the most extreme individuals in each choice. Despite differences in terms of the overall level and distribution of choices, there were also similarities in terms of subgroup variability in choice preferences. In both tests, extreme individuals were found in each of the different options and the two advantageous options did not seem to correspond with each other, i.e., individuals preferred either one of the advantageous options, but not both. The choice score comparisons of good, intermediate and poor decision-makers also revealed similar level of performance among the good decision-makers in IGT and rGT. However, there was a slightly different pattern for extreme individuals of the two disadvantageous options between the tasks. For individuals in the IGT with the highest choice frequencies of A and B, choices were somewhat evenly distributed between the other options, while extreme individuals in P3 and P4 still had an overall preference for P2. Hence, poor decision-makers in the rGT performed considerably better than poor decision-makers in the IGT. In addition, the level of performance of intermediates were also higher in the rGT than IGT due to the contrasting levels of developed preferences by the end of the tasks. These results once again highlight differences in the level of performance between the tasks, but also interesting variations in combinations of choice preferences beyond choice score performances. This type of subgroup variability, including the relationships between the different choices, is not generally displayed, or discussed in either IGT or rGT studies, so it is unclear whether this is a universal finding or if other groups would find a different relationship between the options. Furthermore, aggregating advantageous and disadvantageous choices only allows two groups of “advantageous” or “disadvantageous” individuals based on positive or negative scores and fails to identify variations in choice behavior, as well as underlying neurobiological mechanisms. In both tasks, the groups that are formed with the standard scoring approaches evidently consist of individuals with highly contrasting choice patterns. In the rGT, the overall low preference for any of the disadvantageous options results in very few individuals that are classified as disadvantageous. However, when looking at the individual choice data there are several individuals with a much higher preference for these options compared to the rest of the population. Hence, analysis of individual choice preferences in favor of the choice score approach, may reveal widely different strategies guided by various underlying decision-making processes.

Some rGT studies discuss individual differences in choice behavior without aggregating advantageous and disadvantageous choices. One study found that animals with high and low motor impulsivity differed in their preference of the different choices; animals in the low motor impulsivity group chose P2 more, animals in the high motor impulsivity group chose P1 and P4 more, while choice of P3 did not differ (Barrus et al., 2015). This relationship between choice preferences corroborates our finding that options P1 and P2, that in standard scoring approaches are combined, does not seem to represent the same thing for the animals (Vonder Haar et al., 2022). A recent study used cluster analysis to find choice phenotypes and found five distinct clusters: one with strong P2 preference, one with moderate P2 preference, one P3-preferring, one P4-preferring, and lastly a group with P1 and P3 preference (Vonder Haar et al., 2022). Once again this indicates that the relationship between the choices in the rGT is not as simple as P1 and P2 being perceived as advantageous and P3 and P4 as disadvantageous.

Another factor that may contribute to why the rats are able to clearly distinguish between the advantageous and the disadvantageous choices early on concerns the modeling of “wins” and “losses” which remains a major challenge in animal models. Money is a secondary reinforcer, and its incentive value is highly subjective. However, food, and especially palatable food, is a primary reinforcer influenced by factors such as hunger and satiety, as well as rewarding properties (de Visser et al., 2011). Cabeza et al. (2020) argued that the faster learning rate among mice compared to humans observed in their study might, in part, be explained by the nature of reinforcers affecting the basic level of motivational states in rodents and humans. Secondly, although both tasks assess decision-making strategies of overall maximization, the signaling of losses in the two tasks differ. Ultimately, rats and humans base their strategies on different types of punishment feedback. It is possible that the reinforcing/punishing incentives of “wins” and “losses” in the two tasks adds to the difference in performance between the humans and rats of this study, in addition to procedural differences concerning the pre-training forced choice and the probabilistic schedules of the tasks.

This study compared a population-based sample of humans with outbred male Lister Hooded rats and complement a previous comparative study in which inbred mice and a different version of gambling task were used (Cabeza et al., 2020). The rat sample used herein is genetically diverse and is therefore expected to exhibit large individual differences, but the individual variability in the human sample is presumably larger also due to different environmental factors. Humans in the current study were not controlled for possible contributors known to affect IGT performance, such as diagnosed psychiatric conditions or neuropsychiatric disabilities (Buelow and Suhr, 2009). However, analyses were performed to investigate differences in overall and end performance based on self-reported symptoms of ADHD, depression, and anxiety, where no significant differences were found. In agreement, a thorough behavioral characterization found no specific behaviors of relevance to exploration, risk assessment, risk taking and shelter seeking to be associated with later gambling strategies in rats (Tjernström et al., 2022). Furthermore, while the rat sample comprised males only, the human sample included both males and females in order to maintain sufficient power. Previous research found that females generally perform worse than males in the IGT, possibly due to increased sensitivity to the frequency of losses among females. As a consequence, females generally require additional trials before they reach similar levels of performance as males (van den Bos et al., 2013). In the current study males and females’ performance differed during the last block due to a higher preference for deck B among females compared to males. There was also a numerical difference in mean choice scores between males and females, but this did not reach significance. Studies comparing decision making processes in male and female rats are scarce (Orsini and Setlow, 2017), and therefore represent an important addition to pre-clinical studies of decision-making. Using a similar rGT as herein it was found that females developed an optimal choice behavior more rapidly than males (Peak et al., 2015), while a study in which a different gambling task was used found the opposite result (van den Bos et al., 2012). Furthermore, performance of the human sample may also relate to the age of the study participants. Developmental studies consistently report age-related improvements in advantageous decision-making on the IGT (Crone and van der Molen, 2004; Hooper et al., 2004; Cassotti et al., 2011; Beitz et al., 2014). Although, there is no clear consensus regarding the age span of adolescence, individuals above the age of 20 are usually defined as adults [for a review, see Defoe et al. (2015)]. The human sample herein, comprising young adults between the age of 18–21, are in the midst of transition into early adulthood, and may have varying degrees of cortical and sub-cortical maturation and activity affecting decision-making (Hooper et al., 2004), as well as responses to reinforcers (Braams et al., 2015).




Conclusion

The overall results confirmed the typical decision-making patterns usually reported separately in both humans and rats. Most healthy humans and rats learn to favor the advantageous choices associated with small losses and larger long-term gains, in favor of the immediate large reinforcers. However, to what extent humans and rats reach this level of performance during the tasks differ considerably. Consequently, the procedural differences between the tasks makes them suitable to study different aspects of decision-making. The IGT procedure can be used to track ongoing decision-making processes from exploration to exploitation as the task progresses, while the rGT with repeated daily sessions allows the identification of stable choice preferences in decision-making.

Despite the procedural differences between the two tasks, both the IGT and rGT revealed individual variability in choice preferences during end performance, as both humans and rats formed preferences for a single option or a combination of options. Consequently, the formation of different combinations of choice preferences may reflect widely different underlying mechanisms that drive decision-making on an individual level. In order to make inferences regarding the underlying mechanisms operating during these tasks, both human clinical, and pre-clinical research would benefit from more detailed analyses on individual variations in decision-making. Moreover, future research is needed to address the correlations between the separate choices in IGT and rGT, and whether they tap into similar processes (reward maximization or loss aversion) during reinforcement-based decision-making in humans and rats. This is a first attempt to increase the understanding of similarities and differences in the IGT and rGT and their respective strengths and limitations from an explorative perspective on decision-making processes, but further studies are needed.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors upon request.



Ethics statement

The studies involving human participants were reviewed and approved by Ethical Review Board of Uppsala. The patients/participants provided their written informed consent to participate in this study. The animal study was reviewed and approved by Uppsala Animal Ethical Committee.



Author contributions

CH and NT: investigation, data collection, formal analysis, visualization, write the first draft of the manuscript, and review and editing. SV: investigation, data collection, supervision, conceptualization, methodology, and review and editing. MR: investigation, formal analysis, visualization, and review and editing. KN: funding acquisition, supervision, and review and editing. ER and CÅ: funding acquisition, supervision, conceptualization, methodology, and review and editing. All authors contributed to manuscript revision, read, and approved the submitted version.



Funding

Financial support for the rGT work from the Svenska Spel’s Research Council (FO2018-0007, ER) and the Facias Foundation (NT and ER) is generously acknowledged. The IGT work was funded by Svenska Spel’s Research Council (FO2015-0010, FO2019-0004, and FO2021-0003) and Swedish Research Council for Health, Working Life and Welfare (FORTE; dnr 2018-01127).



Acknowledgments

The human experiments were conducted within the Centre for Clinical Research, Västmanland Hospital Västerås, Region Västmanland, Uppsala University, Västerås, Sweden. We wish to thank Andreas Ljungberg and Adrian Parnéus for technical assistance and programming the Iowa gambling task. We also grateful to all human study participants. Acknowledgments of relevance for the rat studies are found elsewhere (Tjernström et al., 2022; Tjernström and Roman, 2022; manuscript resubmitted for review).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnbeh.2022.964348/full#supplementary-material



References

Adams, W. K., Barkus, C., Ferland, J.-M. N., Sharp, T., and Winstanley, C. A. (2017a). Pharmacological evidence that 5-HT2C receptor blockade selectively improves decision making when rewards are paired with audiovisual cues in a rat gambling task. Psychopharmacology 234, 3091–3104.

Adams, W. K., Haar, C. V., Tremblay, M., Cocker, P. J., Silveira, M. M., Kaur, S., et al. (2017b). Deep-brain stimulation of the subthalamic nucleus selectively decreases risky choice in risk-preferring rats. eNeuro 4, 1–13. doi: 10.1523/ENEURO.0094-17.2017

Baarendse, P. J. J., Winstanley, C. A., and Vanderschuren, L. J. M. J. (2013). Simultaneous blockade of dopamine and noradrenaline reuptake promotes disadvantageous decision making in a rat gambling task. Psychopharmacology 225, 719–731. doi: 10.1007/s00213-012-2857-z

Balodis, I. M., MacDonald, T. K., and Olmstead, M. C. (2006). Instructional cues modify performance on the Iowa gambling task. Brain Cogn. 60, 109–117. doi: 10.1016/j.bandc.2005.05.007

Barnhart, W. R., and Buelow, M. T. (2021). The performance of college students on the iowa gambling task: Differences between scoring approaches. Assessment 29, 1–14. doi: 10.1177/10731911211004741

Barrus, M. M. B. A., Hosking, J. G. P., Zeeb, F. D. P., Tremblay, M. M. A., and Winstanley, C. A. P. (2015). Disadvantageous decision-making on a rodent gambling task is associated with increased motor impulsivity in a population of male rats. J. Psychiatry Neurosci. 40, 108–117. doi: 10.1503/jpn.140045

Barrus, M. M., and Winstanley, C. A. (2016). Dopamine D3 receptors modulate the ability of win-paired cues to increase risky choice in a rat gambling task. J. Neurosci. 36, 785–794. doi: 10.1523/JNEUROSCI.2225-15.2016

Bechara, A., and Damasio, A. R. (2005). The somatic marker hypothesis: A neural theory of economic decision. Games Econ. Behav. 52, 336–372. doi: 10.1016/j.geb.2004.06.010

Bechara, A., and Damasio, H. (2002). Decision-making and addiction (part I): Impaired activation of somatic states in substance dependent individuals when pondering decisions with negative future consequences. Neuropsychologia 40, 1675–1689. doi: 10.1016/S0028-3932(02)00015-5

Bechara, A., Damasio, A. R., Damasio, H., and Anderson, S. W. (1994). Insensitivity to future consequences following damage to human prefrontal cortex. Cognition 50, 7–15. doi: 10.1016/0010-0277(94)90018-3

Bechara, A., Damasio, H., and Damasio, A. R. (2000a). Emotion, decision making and the orbitofrontal cortex. Cereb. Cortex 10, 295–307. doi: 10.1093/cercor/10.3.295

Bechara, A., Damasio, H., Damasio, A. R., and Lee, G. P. (1999). Different contributions of the human amygdala and ventromedial prefrontal cortex to decision-making. J. Neurosci. 19, 5473–5481. doi: 10.1523/JNEUROSCI.19-13-05473.1999

Bechara, A., Damasio, H., Tranel, D., and Damasio, A. R. (1997). Deciding advantageously before knowing the advantageous strategy. Science 275, 1293–1295. doi: 10.1126/science.275.5304.1293

Bechara, A., Dolan, S., and Hindes, A. (2002). Decision-making and addiction (part II): Myopia for the future or hypersensitivity to reward? Neuropsychologia 40, 1690–1705. doi: 10.1016/S0028-3932(02)00016-7

Bechara, A., Dolan, S., Denburg, N., Hindes, A., Anderson, S. W., and Nathan, P. E. (2001). Decision-making deficits, linked to a dysfunctional ventromedial prefrontal cortex, revealed in alcohol and stimulant abusers. Neuropsychologia 39, 376–389. doi: 10.1016/S0028-3932(00)00136-6

Bechara, A., Tranel, D., and Damasio, H. (2000b). Characterization of the decision-making deficit of patients with ventromedial prefrontal cortex lesions. Brain 123, 2189–2202. doi: 10.1093/brain/123.11.2189

Beitz, K. M., Salthouse, T. A., and Davis, H. P. (2014). Performance on the Iowa Gambling Task: From 5 to 89 Years of Age. J. Exp. Psychol. Gen. 143, 1677–1689. doi: 10.1037/a0035823

Bickel, W. K., Mellis, A. M., Snider, S. E., Athamneh, L. N., Stein, J. S., and Pope, D. A. (2018). 21st century neurobehavioral theories of decision making in addiction: Review and evaluation. Pharmacol. Biochem. Behav. 164, 4–21. doi: 10.1016/j.pbb.2017.09.009

Braams, B. R., van Duijvenvoorde, A. C. K., Peper, J. S., and Crone, E. A. (2015). Longitudinal changes in adolescent risk-taking: A comprehensive study of neural responses to rewards, pubertal development, and risk-taking behavior. J. Neurosci. 35, 7226–7238. doi: 10.1523/JNEUROSCI.4764-14.2015

Brand, M., Recknor, E. C., Grabenhorst, F., and Bechara, A. (2007). Decisions under ambiguity and decisions under risk: Correlations with executive functions and comparisons of two different gambling tasks with implicit and explicit rules. J. Clin. Exp. Neuropsychol. 29, 86–99. doi: 10.1080/13803390500507196

Brevers, D., Bechara, A., Cleeremans, A., and Noël, X. (2013). Iowa Gambling Task (IGT): Twenty years after - gambling disorder and IGT. Front. Psychol. 4:665. doi: 10.3389/fpsyg.2013.00665

Buelow, M. T. (2020). Risky decision making in psychological disorders. London: Elsevier/Academic Press.

Buelow, M. T., and Blaine, A. L. (2015). The assessment of risky decision making: A factor analysis of performance on the iowa gambling task, balloon analogue risk task, and columbia card task. Psychol. Assess. 27, 777–785. doi: 10.1037/a0038622

Buelow, M. T., and Suhr, J. A. (2009). Construct validity of the iowa gambling task. Neuropsychol. Rev. 19, 102–114. doi: 10.1007/s11065-009-9083-4

Buelow, M. T., and Suhr, J. A. (2013). Personality characteristics and state mood influence individual deck selections on the Iowa Gambling Task. Pers. Individ. Differ. 54, 593–597. doi: 10.1016/j.paid.2012.11.019

Buelow, M. T., Okdie, B. M., and Blaine, A. L. (2013). Seeing the forest through the trees: Improving decision making on the Iowa gambling task by shifting focus from short- to long-term outcomes. Front. Psychol. 4:773. doi: 10.3389/fpsyg.2013.00773

Bull, P. N., Tippett, L. J., and Addis, D. R. (2015). Decision making in healthy participants on the Iowa Gambling Task: New insights from an operant approach. Front. Psychol. 6:391. doi: 10.3389/fpsyg.2015.00391

Cabeza, L., Giustiniani, J., Chabin, T., Ramadan, B., Joucla, C., Nicolier, M., et al. (2020). Modelling decision-making under uncertainty: A direct comparison study between human and mouse gambling data. Eur. Neuropsychopharmacol. 31, 58–68. doi: 10.1016/j.euroneuro.2019.11.005

Caroselli, J. S., Hiscock, M., Scheibel, R. S., and Ingram, F. (2006). The simulated gambling paradigm applied to young adults: An Examination of University Students’. Perform. Appl. Neuropsychol. 13, 203–212. doi: 10.1207/s15324826an1304_1

Cassotti, M., Houdé, O., and Moutier, S. (2011). Developmental changes of win-stay and loss-shift strategies in decision making. Child Neuropsychol. 17, 400–411. doi: 10.1080/09297049.2010.547463

Chiu, Y.-C., Lin, C.-H., Huang, J.-T., Lin, S., Lee, P.-L., and Hsieh, J.-C. (2008). Immediate gain is long-term loss: Are there foresighted decision makers in the Iowa Gambling Task? Behav. Brain Functions 4:13. doi: 10.1186/1744-9081-4-13

Cohen, J. (2013). Statistical power analysis for the behavioral sciences. Cambridge, MA: Academic press. doi: 10.4324/9780203771587

Crone, E. A., and van der Molen, M. W. (2004). Developmental changes in real life decision making: Performance on a gambling task previously shown to depend on the ventromedial prefrontal cortex. Dev. Neuropsychol. 25, 251–279. doi: 10.1207/s15326942dn2503_2

Davis, C., Fox, J., Patte, K., Curtis, C., Strimas, R., Reid, C., et al. (2008). Education level moderates learning on two versions of the Iowa Gambling Task. J. Int. Neuropsychol. Soc. 14, 1063–1068. doi: 10.1017/S1355617708081204

de Siqueira, A. S. S., Flaks, M. K., Biella, M. M., Mauer, S., Borges, M. K., and Aprahamian, I. (2018). Decision making assessed by the iowa gambling task and major depressive disorder a systematic review. Dement. Neuropsychol. 12, 250–255. doi: 10.1590/1980-57642018dn12-030005

de Visser, L., Homberg, J. R., Mitsogiannis, M., Zeeb, F. D., Rivalan, M., Fitoussi, A., et al. (2011). Rodent versions of the Iowa gambling task: Opportunities and challenges for the understanding of decision-making. Frontiers in neuroscience 5:109. doi: 10.3389/fnins.2011.00109

Defoe, I. N., Dubas, J. S., Figner, B., and van Aken, M. A. G. (2015). A Meta-analysis on age differences in risky decision making: Adolescents versus children and adults. Psychol. Bull. 141, 48–84. doi: 10.1037/a0038088

Dunn, B. D., Dalgleish, T., and Lawrence, A. D. (2006). The somatic marker hypothesis: A critical evaluation. Neurosci. Biobehav. Rev. 30, 239–271. doi: 10.1016/j.neubiorev.2005.07.001

Ernst, M., and Paulus, M. P. (2005). Neurobiology of decision making: A selective review from a neurocognitive and clinical perspective. Biol. Psychiatry 58, 597–604. doi: 10.1016/j.biopsych.2005.06.004

Fellows, L. K., and Farah, M. J. (2005). Different underlying impairments in decision-making following ventromedial and dorsolateral frontal lobe damage in humans. Cereb. Cortex 15, 58–63. doi: 10.1093/cercor/bhh108

Ferland, J. M. N., and Winstanley, C. A. (2017). Risk-preferring rats make worse decisions and show increased incubation of craving after cocaine self-administration. Addict. Biol. 22, 991–1001. doi: 10.1111/adb.12388

Ferland, J.-M. N., Carr, M. R., Lee, A. M., Hoogeland, M. E., Winstanley, C. A., and Pattij, T. (2018). Examination of the effects of cannabinoid ligands on decision making in a rat gambling task. Pharmacol. Biochem. Behav. 170, 87–97. doi: 10.1016/j.pbb.2018.05.012

Ferland, J.-M. N., Hynes, T. J., Hounjet, C. D., Lindenbach, D., Vonder Haar, C., Adams, W. K., et al. (2019). Prior exposure to salient win-paired cues in a rat gambling task increases sensitivity to cocaine self-administration and suppresses dopamine efflux in nucleus accumbens: Support for the reward deficiency hypothesis of addiction. J. Neurosci. 39, 1842–1854. doi: 10.1523/JNEUROSCI.3477-17.2018

Fernie, G., and Tunney, R. J. (2006). Some decks are better than others: The effect of reinforcer type and task instructions on learning in the Iowa Gambling Task. Brain Cogn. 60, 94–102. doi: 10.1016/j.bandc.2005.09.011

Ferris, J. A., and Wynne, H. J. (2001). The Canadian problem gambling index. Ottawa, ON: Canadian Centre on Substance Abuse.

Giustiniani, J., Gabriel, D., Nicolier, M., Monnin, J., and Haffen, E. (2015). Neural correlates of successful and unsuccessful strategical mechanisms involved in uncertain decision-making. PLoS One 10:e0130871–e0130871. doi: 10.1371/journal.pone.0130871

Guillaume, S., Jollant, F., Jaussent, I., Lawrence, N., Malafosse, A., and Courtet, P. (2009). Somatic markers and explicit knowledge are both involved in decision-making: Somatic markers and decision-making. Neuropsychologia 47, 2120–2124. doi: 10.1016/j.neuropsychologia.2009.04.003

Hooper, C. J., Luciana, M., Conklin, H. M., and Yarger, R. S. (2004). adolescents’ performance on the iowa gambling task: Implications for the development of decision making and ventromedial prefrontal cortex. Dev. Psychol. 40, 1148–1158. doi: 10.1037/0012-1649.40.6.1148

Hultman, C., Vadlin, S., Rehn, M., Sescousse, G., Nilsson, K. W., and Åslund, C. (2022). Autonomic responses during Gambling: The effect of outcome type and sex in a large community sample of young adults. J. Gambl. Stud. 1–24. doi: 10.1007/s10899-022-10118-6

Izquierdo, A., Aguirre, C., Hart, E. E., and Stolyarova, A. (2019). “Rodent models of adaptive value learning and decision-making,” in Psychiatric disorders, (New York, NY: Springer New York), 105–119. doi: 10.1007/978-1-4939-9554-7_7

Izquierdo, A., and Belcher, A. M. (2011). “Rodent models of adaptive decision making,” in Psychiatric disorders, (Totowa, NJ: Humana Press), 85–101. doi: 10.1007/978-1-61779-458-2_5

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E. V. A., et al. (2005). The World Health Organization adult ADHD self-report scale (ASRS): A short screening scale for use in the general population. Psychol. Med. 35, 245–256. doi: 10.1017/S0033291704002892

Kim, M.-S., Kang, B.-N., and Lim, J. Y. (2016). Decision-making deficits in patients with chronic schizophrenia: Iowa gambling task and prospect valence learning model. Neuropsychiatr. Dis. Treat. 12, 1019–1027. doi: 10.2147/NDT.S103821

Koffarnus, M. N., and Kaplan, B. A. (2018). Clinical models of decision making in addiction. Pharmacol. Biochem. Behav. 164, 71–83. doi: 10.1016/j.pbb.2017.08.010

Lin, C.-H., Chiu, Y.-C., Cheng, C.-M., and Hsieh, J.-C. (2008). Brain maps of Iowa gambling task. BMC Neurosci. 9:72–72. doi: 10.1186/1471-2202-9-72

Lin, C.-H., Chiu, Y.-C., Lee, P.-L., and Hsieh, J.-C. (2007). Is deck B a disadvantageous deck in the Iowa Gambling Task? Behav. Brain Functions 3, 16–16. doi: 10.1186/1744-9081-3-16

Linnet, J. (2013). The Iowa Gambling Task and the three fallacies of dopamine in gambling disorder. Front. Psychol. 4:709. doi: 10.3389/fpsyg.2013.00709

Maia, T. V., and McClelland, J. L. (2004). A Reexamination of the evidence for the somatic marker hypothesis: What participants really know in the iowa gambling task. Proc. Natl. Acad. Sci. 101, 16075–16080. doi: 10.1073/pnas.0406666101

Mata, F. G. D., Neves, F. S., Lage, G. M., Moraes, P. H. P. D., Mattos, P., Fuentes, D., et al. (2011). Neuropsychological assessment of the decision making process in children and adolescents: An integrative review of the literature. Arch. Clin. Psychiatry 38, 106–115. doi: 10.1590/S0101-60832011000300005

Miu, A. C., Heilman, R. M., and Houser, D. (2008). Anxiety impairs decision-making: Psychophysiological evidence from an Iowa Gambling Task. Biol. Psychol. 77, 353–358. doi: 10.1016/j.biopsycho.2007.11.010

Must, A., Horvath, S., Nemeth, V. L., and Janka, Z. (2013). The Iowa Gambling Task in depression - what have we learned about sub-optimal decision-making strategies? Front. Psychol. 4:732. doi: 10.3389/fpsyg.2013.00732

Orsini, C. A., and Setlow, B. (2017). Sex differences in animal models of decision making. J. Neurosci. Res. 95, 260–269. doi: 10.1002/jnr.23810

Peak, J. N., Turner, K. M., and Burne, T. H. J. (2015). The effect of developmental vitamin D deficiency in male and female Sprague–Dawley rats on decision-making using a rodent gambling task. Physiol. Behav. 138, 319–324. doi: 10.1016/j.physbeh.2014.09.007

Pittaras, E., Callebert, J., Chennaoui, M., Rabat, A., and Granon, S. (2016). Individual behavioral and neurochemical markers of unadapted decision-making processes in healthy inbred mice. Brain Struct. Function 221, 4615–4629. doi: 10.1007/s00429-016-1192-2

Public Health Agency of Sweden (2010). Spel om pengar och spelproblem i Sverige 2008/2009 - Huvudresultat från SWELOGS befolkningsstudie [Gambling and gambling problem in Sweden 2008/2009. Main Results from SWELOG population study]. Solna: Public Health Agency of Sweden.

Rivalan, M., Ahmed, S. H., and Dellu-Hagedorn, F. (2009). Risk-prone individuals prefer the wrong options on a rat version of the iowa gambling task. Biol. Psychiatry 66, 743–749. doi: 10.1016/j.biopsych.2009.04.008

Rivalan, M., Coutureau, E., Fitoussi, A., and Dellu-Hagedorn, F. (2011). Inter-individual decision-making differences in the effects of cingulate, orbitofrontal, and prelimbic cortex lesions in a rat gambling task. Front. Behav. Neurosci. 5:22. doi: 10.3389/fnbeh.2011.00022

Spence, S. H. (2017). The adult anxiety scale-15 (AAS-15). Personal communication, 17 nov 2017.

Steingroever, H., Wetzels, R., Horstmann, A., Neumann, J., and Wagenmakers, E.-J. (2013). Performance of healthy participants on the iowa gambling task. Psychol. Assess. 25, 180–193. doi: 10.1037/a0029929

Suhr, J. A., and Tsanadis, J. (2007). Affect and personality correlates of the Iowa Gambling Task. Pers. Individ. Differ. 43, 27–36. doi: 10.1016/j.paid.2006.11.004

Svanborg, P., and Ekselius, L. (2003). Self-assessment of DSM-IV criteria for major depression in psychiatric out- and inpatients. Nordic J. Psychiatry 57, 291–296. doi: 10.1080/08039480307281

Tjernström, N., and Roman, E. (2022). Gambling strategies in male lister hooded rats are related to voluntary alcohol intake, but not sexual behavior, and can be modulated by naltrexone (manuscript resubmitted for review).

Tjernström, N., Li, T.-Q., Holst, S., and Roman, E. (2022). Functional connectivity in reward-related networks is associated with individual differences in gambling strategies in male Lister hooded rats. Addict. Biol. 27:e13131.

Toplak, M. E., Jain, U., and Tannock, R. (2005). Executive and motivational processes in adolescents with Attention-Deficit-Hyperactivity Disorder (ADHD). Behav. Brain Functions 1:8. doi: 10.1186/1744-9081-1-8

Tremblay, M., Adams, W. K., and Winstanley, C. A. (2021). Kindling of the basolateral or central nucleus of the amygdala increases suboptimal choice in a rat gambling task and increases motor impulsivity in risk-preferring animals. Behav. Brain Res. 398:112941. doi: 10.1016/j.bbr.2020.112941

van den Bos, R., Homberg, J., and de Visser, L. (2013). A critical review of sex differences in decision-making tasks: Focus on the Iowa Gambling Task. Behav. Brain Res. 238, 95–108. doi: 10.1016/j.bbr.2012.10.002

van den Bos, R., Jolles, J., van der Knaap, L., Baars, A., and de Visser, L. (2012). Male and female Wistar rats differ in decision-making performance in a rodent version of the Iowa Gambling Task. Behav. Brain Res. 234, 375–379.

Vonder Haar, C., Frankot, M. A., Reck, A. M., Milleson, V., and Martens, K. M. (2022). Large-N rat data enables phenotyping of risky decision-making: A retrospective analysis of brain injury on the rodent gambling task. Front. Behav. Neurosci. 16:837654. doi: 10.3389/fnbeh.2022.837654

Weller, J. A., Levin, I. P., Shiv, B., and Bechara, A. (2007). Neural correlates of adaptive decision making for risky gains and losses. Psychol. Sci. 18, 958–964. doi: 10.1111/j.1467-9280.2007.02009.x

Winstanley, C. A., and Clark, L. (2015). “Translational models of gambling-related decision-making,” in Translational neuropsychopharmacology, (Cham: Springer International Publishing), 93–120. doi: 10.1007/7854_2015_5014

Winstanley, C. A., and Floresco, S. B. (2016). Deciphering decision making: Variation in animal models of effort- and uncertainty-based choice reveals distinct neural circuitries underlying core cognitive processes. J. Neurosci. 36, 12069–12079. doi: 10.1523/JNEUROSCI.1713-16.2016

Wood, S. M. W., and Bechara, A. (2014). “The neuroscience of dual (and triple) systems in decision making,” in The neuroscience of risky decision making, eds V. Zayas and V. F. Reyna (Washington, DC: American Psychological Association), 177–202. doi: 10.1037/14322-008

Zeeb, F. D., and Winstanley, C. A. (2011). Lesions of the basolateral amygdala and orbitofrontal cortex differentially affect acquisition and performance of a rodent gambling task. J. Neurosci. 31, 2197–2204. doi: 10.1523/JNEUROSCI.5597-10.2011

Zeeb, F. D., Baarendse, P. J. J., Vanderschuren, L. J. M. J., and Winstanley, C. A. (2015). Inactivation of the prelimbic or infralimbic cortex impairs decision-making in the rat gambling task. Psychopharmacology 232, 4481–4491. doi: 10.1007/s00213-015-4075-y

Zeeb, F. D., Robbins, T. W., and Winstanley, C. A. (2009). Serotonergic and dopaminergic modulation of gambling behavior as assessed using a novel rat gambling task. Neuropsychopharmacology 34, 2329–2343. doi: 10.1038/npp.2009.62

Zhang, L., Dong, Y., Ji, Y., Tao, R., Chen, X., Ye, J., et al. (2015). Trait-related decision making impairment in obsessive-compulsive disorder: Evidence from decision making under ambiguity but not decision making under risk. Sci. Rep. 5:17312. doi: 10.1038/srep17312



OPS/images/fnbeh-16-964348-g001.jpg
Hypothetical

max pellets 295 411 135 99
SR 9S 10 s 30s 40 s
dhishe p=0.1 p=0.2 p=0.5 0=0.6
Rewarded 1 pellet 2 pellets 3 pellets 4 pellets

Omission

5s |TI Premature ——

/ response

[Food tray]

» Traylight on <

I






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exploring decision-making strategies in the Iowa gambling task and rat gambling task



		Introduction



		Materials and methods



		Procedures of the Iowa gambling task



		Human participants



		Experimental procedure



		Iowa gambling task







		Procedures of the rat gambling task



		Animals and housing



		Rat gambling task procedure







		Data processing



		Statistical analysis







		Results



		Overall performance indicated by standard scoring approaches



		Iowa gambling task (across 100 trials)



		Rat gambling task (across 25 days)







		Performance patterns indicated by standard scoring approaches



		Iowa gambling task (20-trial blocks)



		Rat gambling task (20-trial blocks and weeks)



		Iowa gambling task and rat gambling task (comparing 100 trials)







		Longitudinal choice patterns



		Iowa gambling task (across 100 trials)



		Rat gambling task (across 100 trials)



		Rat gambling task (across 25 days)







		Decision-making during end performance



		Iowa gambling task (during trials 61–100)



		Rat gambling task (during the last 5 days)







		Individual choices during end performance



		Iowa gambling task (during trials 61–100)



		Rat gambling task (during the last week)



		Sub-group comparisons during end performance











		Discussion



		Overall performance, choice progression and end performance



		Individual choices during end performance







		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fnbeh-16-964348-t001.jpg
Deck . s ¢ [

Trial Gain Loss Gain Loss Gain Loss Gain Loss
1 00 0 100 0 50 0 50 0

2 00 0 100 0 50 0 50 0

3 00 —150 100 0 50 —50 50 0

4 00 0 100 0 50 0 50 0

5 00 —300 100 0 50 —50 50 0

6 00 0 100 0 50 0 50 0

7 00 —200 100 0 50 —50 50 0

8 00 0 100 0 50 0 50 0

9 00 —250 100 —1,250 50 —50 50 0
10 00 —350 100 0 50 —50 50 —250
Net gain —250 —250 +250 +250

Frequencywins/losses 10 wins5 losses 10 winsl loss 10 wins5 losses 10 wins1 loss






OPS/images/cover.jpg
' frontiers | Frontiers in Behavioral Neuroscience






OPS/images/fnbeh-16-964348-t002.jpg
Sex N Mean choice score P
(trials 1-100)

Male 126 12.33
Female 138 9.06
0.344
ASRS-18*
ASRS self-rated symptoms <4 230 10.58
ASRS self-rated symptoms >4 34 10.88
0.954
DSRS*
DSRS self-rated symptoms <5 198 11.79
DSRS self-rated symptoms >5 66 7.12
0.242
AAS-15*
AAS self-rated symptoms <12 148 10.26
AAS self-rated symptoms >12 116 11.09
0.812
PGSI*
PGSI self-rated symptoms 0 230 10.11
PGSI self-rated symptoms >1 34 14.06
0.444

*ASRS-18, Adult ADHD Self-Report Scale (18 item); DSRS, Depression Self-Rating Scale;
AAS-15, The Adult Anxiety Scale (15 item); PGSI, Problem Gambling Severity Index.
Significance threshold = p < 0.05.







OPS/images/fnbeh-16-964348-t005.jpg
Group

A +1SD
B +1SD
C+1SD
D +1SD
AandB+1SD

Intermediate <1 SD

38
31
27
37

129

A%

36.12
11.53
5.09
6.96
35
17.73

B%

19.47
52.34
3.98
8.45
55
23.99

C%

19.41
14.52
81.20
8.65

27.40

D%

25.00

21.61
9.72

75.95

30.87






OPS/images/fnbeh-16-964348-t006.jpg
Group

P1+1SD
P2+1SD
P3+1SD
P4+1SD
Pland P3 +1 SD

Intermediate <1 SD

0o

32

P1%

57.01
9.79
24.41
23.76
53.21
27.38

P2%

32.54
85.63
4133
39.41
17.98
65.22

P3%

6.72
341
32.27
3.25
28.63
532

P4%

3.74
117
1.98
33.59
0.18
2.00






OPS/images/fnbeh-16-964348-t003.jpg
Block N Choice scores

Block 1 264 —6.02 (34.72)
Block 2 264 5.00 (36.47)

Block 3 264 12.77 (40.91)
Block 4 264 18.18 (43.89)

Block 5 264 23.18 (48.66)






OPS/images/fnbeh-16-964348-t004.jpg
Block

Block 1
Block 2
Block 3
Block 4
Block 5

N

72
72
72
72
72

Choice scores

3625 (28.21)
49.93 (31.58)
52.85 (33.91)
50.90 (33.65)
56.46 (30.11)

Week

Week 1
Week 2
Week 3
Week 4
Week 5

N

72
71
71
70
70

Choice scores

61.05 (21.37)
74.23 (17.12)
75.74 (18.73)
71.84 (25.63)
69.81 (29.22)







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Behavioral Neuroscience







OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnbeh-16-964348-g006.jpg
Choice scores (%)

100

80

60

40 —

20 —

HIGT
rGT

Good

I
Intermediate Poor





OPS/images/fnbeh-16-964348-g002.jpg
60 —

40 -

Choice score (%)

I ‘
.
L ]

Blocks (20 trials per block)

"N rGT





OPS/images/fnbeh-16-964348-g003.jpg
Choice (%)

40

30

20

10

2 3 4
Block (20 trials per block)

—A
—B
—C
—D

Choice (%)

70

- —Pp1
—Pp2
—P3

50 —P4

a0

30

i =

1 2 3 4 5
Block (20 trials per block)






OPS/images/fnbeh-16-964348-g004.jpg
Choice (%)

70 =

60 —

50 —

40 —

30

20 —

10 —

[
2

[
3

I
4

[
5

[
6

I
78 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Days

— P1
— P2
~—P3
— P4





OPS/images/fnbeh-16-964348-g005.jpg
Choice (%)

100,
90
80,
70
60 -
50
40.
30
20+
104

LEE XX (11 L L L L
L] @
@ e & &
L Ll
@9 e »
@ oo
@ @
66 &
L1
® @
es 3
] LR
L1 @ e
LA © L]
& LL L]
@ 8 LL L1
oo ® LL L L]
@ L]
Ll Ll ee L]
L] LL R o000 LA L AL L 1
L] LA L Ll LL L Ll Ll Ll
o0 L L 0000 LA L L L L
o0 LAl L] LL L L]
LA L L L B Ll L] S0000000
o000 000000000 000000000 0000000000000
1900000000 000000000000 00 Ll LB L1 L o 900000 LB
0000000 08 & 90 000008 0000 000000000000 Lo B
000000000000 SICVEENT  TOPOIREHL IR CEBUSISBINIEIOSEIRANEID 00 0000 0000000
SSSI BESASICHE PSSR 90000000 00 00 (R B 8 S J eSS 3¢ I I N O3S
R IR ______} @0 TINNNNNNNNN W L8 ___LEB SRR ) (= S =8
€86 28CHI FSBEISSEX B T0000000000000 LL AL L LR L]
L 0000000000 L] LA LA L LU b
& 300088 OO 908 0000 98 00000000000 L L DL
000008 = 000000 cesescences Soncesenenan L L
LEL B L1 L B 00000000 Sosene ‘e
[ L B 1 1 secescesnneen 000000000000 e
e 0o o0 LA L L L] L1 000000 ceee
LB DR 1 200000 @
- - -

A

C

100,

90 ,
80 ,
70,

< 60 .

8 50.

2

S 40
30,
20 |
10

0 L

P4

°
%
.0.:: ®
Q:o
)
P
%90
oo :
®
® '.:. ® ©
L e @@
® .:'o. oo
L :.. ...;....
° ) '....Q...
...0 ° ....00‘..
oo ., %,
..~..
0::.0 o .‘.::
®
: .......
P

g--.:..-! ﬁ‘

P3






