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Abstract

Esports is an often time-consuming activity that has become increasingly popular with bil-
lions of players all over the world. The objective of this study was to investigate if there is a
relationship between skill level in the strategy video game Dota 2, a game that places many
demands on decision making to be successful, and decision making under ambiguity and
experience as measured by performance in the lowa Gambling Task (IGT), a task known to
have ecological validity. Two indicators of players’ performance in Dota 2, namely match-
making rating (MMR) and Medal, were used as predictors of performance in the IGT in path
models. Results showed that Medal was a significant predictor of performance in IGT, while
MMR score was borderline significant. The cognitive reflection task, included in the models
as an indicator of the ability to engage in conscious, analytical, rational, and logical thinking,
was a significant predictor of performance in IGT, and was significantly and positively
related to MMR. The findings from this study give insight into the cognitive demands related
to performance in Dota 2. Although results suggest that strategy video gaming may be a fac-
tor that contributes to increased decision making abilities, a reversed relationship is also
possible, whereby individuals who are better at decision making are also more likely to
become successful in Dota-2. More studies, preferably longitudinal, are needed to replicate
the findings of this study and to establish the directionality between factors.

Introduction

The use of video games for entertainment has become a worldwide phenomenon, and it is esti-
mated that there are over 2.5 billion video game players across the world [1]. The growing pop-
ularity of video games over the last decades has increased scholars’ interest in examining
different behavioral and cognitive aspects related to gaming (see e.g., [2-4]).

An important issue concerns whether video gaming can be used as a tool for learning-
induced plasticity [5]. The interest in “brain training” has often focused on, but has not been
restricted to, research on the elderly and has resulted in a surge of computerized cognitive
interventions. Beneficial effects of cognitive training have been found in different cognitive
domains, such as working memory [6,7], attention [8] and inhibitory control [9]. Despite this,
however, the efficacy of computerized training is controversial and has been criticized for its
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lack of generalizability (i.e. transfer) to tasks other than those specifically trained [10,11].
Nonetheless, the possibility for computerized cognitive training has posed the question
whether cognitive training through video gaming can produce transfer effects to other areas,
and whether video gaming can be used as a form of neurocognitive training in different age
groups (see e.g., [12-16]).

However, as for cognitive training as a whole, there is no agreement as to whether video
gaming can produce cognitive benefits. Some meta-analyses (e.g., [16]) suggest that video-
games can improve cognitive functioning, such as reaction time, attention, and memory, while
some report minor to non-effects [17]. Nonetheless, even if it is possible that extensive experi-
ence with video gaming has the potential to produce beneficial effects on tasks other than
those specifically trained, the question remains if transfer can be found on more general cogni-
tive tasks (far transfer), or if it is restricted to closely related tasks (near transfer) [18].

In addition, even if it is possible that long-term exposure to video gaming can promote cog-
nitive functions, it must be stressed that so far, most studies in this area are cross-sectional,
and thus the directionality between gaming experience and cognitive performance is hard to
establish. Thus, it is plausible that high cognitive ability can be considered as a factor that
increases the likelihood of becoming successful in video games. Such possible directionality
between factors may be of interest for the gaming society. Today, e-sports are becoming
increasingly professionally oriented. Consequently, results from cognitive tests can potentially
be used as a screening tool with the purpose of identifying plausible future elite players. Large
et al [19] emphasizes that, just as cognitive abilities can be used as a selection criterion in other
branches, further understanding of the cognitive underpinnings in e-sports may increase the
likelihood of recruiting individuals more likely of success in video games.

Regardless of directionality, results from correlational studies can explain some of the cog-
nitive demands associated with video gaming. More knowledge of how cognitive demands can
be directly tied to in-game challenges and difficulties may also increase the understanding of
how video game performance may be associated with different behavioral outcomes [20].

Most of the research in this area has been conducted on the genre of action video games
where the most stable, although not undisputed, effects have been found on perception, visual
attention and top-down attention [21-23], but also on working memory capacity, speed of
processing, and deductive reasoning (see e.g., [20]). Studies on more complex cognitive func-
tions have been inconclusive, with for instance Bailey, West and Kuffel [24] showing associa-
tions between video game play and disadvantageous decision-making, while Buelow, Okdie
and Cooper [25] found that exposure to video games was associated with faster learning on a
decision-making task.

Related to this, it is important to note that there is a wide range of experiences available
under the category of ‘video games’, and that the label includes experiences which to a large
extent differ from each other. As Bediou et al. [21] puts it; “a superordinate category label such
as video games is likely to have limited predictive power” (p. 79) when different games pose
different demands to our cognitive, attentional and perceptual abilities. Many studies have
tried to classify video games to fall under different game genres (see e.g., [23]). But classifica-
tion of games is not always a straightforward task, and this has to some extent limited the gen-
eralizability and conclusions of the research findings. Similarly, the literature is diverse
regarding how to categorize the so-called ‘Multiplayer online battle arena’ (MOBA) games.
Games that fall under MOBA are in turn sometimes referred to as ‘action real-time strategy
games’ (ARTS; see e.g., [26-28]), which is supposed to underscore that they have elements of
both ‘action video games’ (AVG) and ‘real-time strategy’ (RTS) games. However, MOBAs
have sometimes been folded into either AVG or RTS categories (see e.g., [29-31]. The question
is whether it is even possible to fully establish a genre for specific games, and even more so
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from a long-term perspective. As highlighted by Dale et al [32], video gaming is an ever-chang-
ing landscape, and it is therefore important that researchers are familiar with how games con-
tinuously change.

With the rise of popularity of MOBAs, the interest of studying such games has increased
[33]. Because of the difference in pace and strategizing in MOBAs, there are reasons to believe
that different demands are put on the player. Games within the MOBA genre entail a large
number of variables affecting the game state. The player is required to make decisions under
real life circumstances where the outcomes or their probabilities are not entirely known, a situ-
ation known in behavioral economics as decision-making under ambiguity [34]. Among these
games is Dota 2, widely regarded as being one of the most complex with regards to interplay
between game elements.

Dota 2 is a free-to-play MOBA played on personal computers (PC). Concurrent Dota 2
players during 2021 averaged around 500 000 [35], and with approximately 7.6 million
monthly active users worldwide [36]. Dota 2 is known for having one of the highest accumu-
lated prize pools in esports, which is distributed among the professional players [37]. A game
consists of two teams of five players each with the end goal of destroying the enemy base.
Before the game begins, players can choose from 117 playable characters. Each playable char-
acter has a set of at least 4 distinct abilities. Together with 224 different items, some with their
own abilities available throughout the game, a large amount of complex interactions is made
available for the player which can influence the game state. Knowledge of the vast number of
distinct game play elements, their interactions and the ability to predict them, are crucial to
success.

To date, some studies have explored relationships between cognitive domains and MOBA
performance, most commonly among League of Legends (LoL) players. Kokkinakis et al [38]
found a positive but moderate correlation between game expertise (i.e., ranking in LoL) and
fluid intelligence, as measured by a WASI-II Matrix Subset [39] in a sample of young adults.
Large et al [19] found expertise in LoL to be positively associated with speed of processing and
attentional control in a sample of participants aged 18 to 56 years. Other studies have investi-
gated relationships between LoL and cognitive performance among university students; Yao
et al [28] found that experts in LoL had larger visual working memory capacity compared to
non-experts. Gan et al [26] found that experts in LoL showed superior temporal visual selective
attention compared to non-experts, and had also faster information processing. Similarly, Qui
etal [31] found that playing LoL improved response times in visual selective attention, which
was evident both among experts and non-experts. Finally, Ding et al. [40] investigated behav-
ioral correlates related to MOBA, and found a modest correlation between ranking in LoL and
conscientiousness.

MOBA players have also been included in other studies. However, some of these (e.g.,
[29,30]) have, as noted above, folded MOBA games into a game genre (e.g., RTS), which has
made it difficult to establish relationships between specific MOBAs and cognitive perfor-
mance. Dale and Green [30], for instance, acknowledged that games that fall into the MOBA
category contain more action components than regular RTS games, and also suggested that
future studies rather should move away from genre-based classifications and instead focus on
the actual mechanics of the games that are played.

With regards to Dota 2, a study on game expertise and attentional allocation [41] showed
that experts in Dota 2 had higher transition patterns compared to beginners in an in-game
eye-tracking test, meaning that highly skilled players could make more use of their cognitive
capability. Others have explored whether personality and working memory capacity predict
performance (Match-making rating) in Dota 2 [42], and reported that personality trait grit
(the perseverance and passion for long-term goals) had a small effect on performance, while
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working memory capacity had no impact. The authors concluded that time on task was the
strongest predictor of performance in Dota 2.

However, as noted by Ding et al. [40], to their knowledge no studies have investigated plau-
sible relationships between skills in MOBAs and decision-making ability. This is interesting, as
decision-making constitutes an important aspect of many MOBA games. On a basic level,
decision-making entails selecting between two or more options and is a common occurrence
in our daily lives. According to the dual-process theory of judgment and decision making (e.g.,
[43,44]) humans rely on two “systems” or “processes”. One process is described as intuitive
and fast, but is prone to errors. The other process is described as analytic and rule-based. Capi-
talizing on the dual-process theory, Séguin, Arseneault and Tremblay [45] also describe the
ability to make decisions as being influenced by two different processes that operate during the
different stages of decision-making (representing the problem, planning, executing and evalu-
ating). One is a cognitive process, referred to as “cool” decision-making, using rational think-
ing and conscious consideration of different options and their risks and rewards. The other is
an affective process, referred to as “hot” decision-making that is associated with emotional and
visceral responses. It has been argued that learning in a decision-making task is dependent on
regulation of affective processes and enabled by “cool” processes [45]. Bechara [46], on the
other hand, argues that non-impaired decision-making is marked by subconsciously develop-
ing biases towards certain responses in uncertain tasks which guide us and are expressed
through somatic responses or “gut” feelings, thus emphasizing the importance of visceral
responses in decision-making. Of course, decision-making is an important aspect in everyday
life, and there are differences between individuals when it comes to the ability to make good
decisions, differences that coincide with individual differences in other cognitive functions
(e.g., [47-49]). To be able to investigate factors related to differences in decision making in
everyday life, it is therefore important to find measures that to some extent can mirror real life
situations or settings.

A commonly used measure of decision-making is the lowa Gambling Task (IGT), a card
playing task designed by Bechara, Damasio, Damasio and Anderson [50]. The unique contri-
bution of IGT is that it was developed to examine deficits in real-world decision-making,
although in a laboratory setting. IGT has, for instance, been used to assess decision making
such as in clinical conditions (see e.g., [51]), but also in non-clinical populations (see e.g., [52])
and in relation to action video gaming [53]. In the task, participants repeatedly make choices
between four decks of cards. Once a card has been chosen, the player will win or lose an
amount of money. Two of the four decks are ‘advantageous’, meaning that they produce small
but constant gains over time and only include occasional losses. The two ‘disadvantageous’
decks produce large gains over time, but on the other hand, they also include even larger spo-
radic losses. To be successful in the IGT, the player needs to explore and, over time, learn the
probabilities of risks involved. As noted, the IGT was developed to be similar to a real-life situ-
ation, and transfer to tasks with ecological validity are, of course, of extra interest in the area of
cognitive training and transfer effects.

As noted, previous studies have not investigated how performance in so called MOBA
games, in this study Dota 2, is related to decision making skills. In addition, there is only a
sparse number of studies that have investigated how video game performance is related to
decision making ability in tasks similar to real-life situations, as in the IGT. Although the chal-
lenges encountered in the IGT are not directly analogous to the ones in Dota 2, they both have
in common the premise of decision-making under ambiguous circumstances, with few clear
indicators of success. As both activities put demands on complex decision-making and higher-
order cognitions it is possible that the specific skills needed when playing Dota 2 could be
applied to the IGT, and possibly even to the decision-making present in everyday life.
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Thus, this study aimed to examine the relationship between skill level in the video game
Dota 2 and the ability to make decisions under ambiguity and experience as measured by the
IGT. Such knowledge can give insight into the cognitive demands related to performance in
Dota 2. Results may also give understanding about whether video gaming has the potential to
cause (far) transfer effects to tasks other than those specifically trained, and if video games,
Dota 2 in particular, can be useful as framework for the design of future interventions with
regard to decision making ability. However, although it is plausible that long-term practice in
Dota 2 may promote decision making ability, a reversed relationship cannot be excluded. This
would suggest that decision making ability is a factor that rather makes individuals more likely
to play Dota 2 and become successful. Thus, results from this study may also give some insight
into whether decision making ability can be related to selection effects in Dota 2. In the analy-
ses, we included a measure of matches played (time-on-task) in Dota 2, as well as a measure of
conscious, analytical, rational, and logical thinking (CRT), factors that may either have a direct
or an indirect influence on both performance in Dota 2 and decision-making ability.

Method
Participants

Participants were contacted through a post on a popular online forum for Dota 2 (https://
www.reddit.com/r/DotA2/), a forum consisting of 607 000 members at the time of recruit-
ment. A total of 557 Dota 2 players decided to participate in this study. However, after valida-
tion of data, and exclusion of participants who had not completed all tests and/or had
performed repeated test sessions, the final sample consisted of 337 participants. Participants
represented countries from all continents and among them there were 322 males, 3 females, 1
other, and 11 who preferred not to say. The mean age was 23.27 years (SD = 3.80) and mean
years of education for the sample was 14.55 (SD = 3.65).

Procedure

Requirements for participation were to be at least 16 years old, to have an updated match-mak-
ing rating (MMR), and to have made match data public. The post explained the overall premises
of the study and included a link to the study and the test material. Thus, all tasks and question-
naires were carried out online. On the site, the aim of the study was emphasized; that the study
set out to examine the relationship between the ability to make decisions with lacking informa-
tion and experience in Dota 2, because the complexity of the game makes it hard to know what
the “right” thing to do is and therefore could be subject to training effects. A consent form was
obtained before continuing to the test. Before starting the test, participants reported their email
address, steam-ID (identifying their player account), ranking in the game (i.e. MMR) and num-
ber of matches played. The personal details gathered, e-mail and steam-ID, were used for gath-
ering of objective data (see under material and methods) and to facilitate compensation for
participating in the study. Since both Dota 2 and the cognitive tests were carried out in English,
participants also had to rate their English proficiency on a scale from 0-10 (M = 8.91,
SD = 1.26) to be able to establish that the participants had satisfactory language skills.
Compensation was given in the form of a “steam-key” giving access to games available at
the Steam platform and offered to the first 200 participants. After the initial information was
given, participants executed a decision-making task (the Iowa gambling task, see description
below), and then they were redirected to a page on which they answered questions about
demographic information and gaming history. Finally, participants performed a test of ana-
lytic and deliberative reasoning (Cognitive reflection task, see description below). Participation
in this study took approximately 20 to 30 minutes.
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Measures

Match-making rating (MMR). A player’s performance in Dota 2 is measured by their
MMR. Winning a ranked game nets a gain of points between 25 to 30 points, while losing a
ranked game nets a loss of points between -25 to -30. Thus, a higher MMR score is indicative
of a higher skilled player [53]. A proprietary algorithm matches players of similar ranking to
play with and against each other and the amount of rating points won or lost is determined by
the disparity in rating between the different teams. The exact MMR score, which can be seen
within the game, cannot be seen by others than the players themselves, and was therefore
reported by the participants. In this sample, the mean MMR was 3857.52 (SD = 1286.42).

Medal. A player’s performance in Dota 2 is also illustrated in form of a medal. A player
can make their match-making data public which enables third parties to get an objective mea-
sure of their ability. In this case, Dota 2 shows the ranking in the form of a medal, which is
based on a span of MMR. Medals are ordered and represented by seven different titles (e.g.,
Guardian, Legend), and each medal/title is in turn represented by five stars (i.e., range; 1-35).
Whereas MMR is self-reported, medal is an objective measure that was collected from Valve
Corporation by using their steam-ID. The mean for Medal was 23.86 (SD = 7.34).

Matches played. Information on total number of matches played, sometimes denoted as
time-on-task [42], can be found within the game and was self-reported by the participants.
Sample mean for number of matches played was 4056.62 (SD = 2449.83).

Cognitive reflection test (CRT). A 6-item version of the CRT task was used [54,55]. The
test can be used as a measure of the tendency to engage in conscious, analytical, rational, and
logical thinking rather than produce responses based on intuitions. Performance on the test
has shown correlation with cognitive ability [56], as measured by subtests of the Wechsler
Abbreviated Scale of Intelligence [57], and fluid intelligence [55], as measured by Set 1 of the
Advanced Progressive Matrices [58]. Thus, the CRT is multidimensional, and was used here
since it may capture many aspects relevant for performance in Dota 2 as well as in the Iowa
gambling task. The CRT test included six open-ended problems/questions. For example, the
first question reads as follows: “A bat and a ball cost £1.10 in total. The bat costs £1.00 more
than the ball. How much does the ball cost?”. The answer can be one of three possible answer
types: correct answer (£0.05), heuristic incorrect answer (£0.10) and non-heuristic incorrect
answers (i.e. any other answer). The participants were also instructed to answer if they had
seen that question before. The CRT was scored using the most typical approach of summing
up all correct responses resulting in the CRT-Reflective Scoring, ranging from 0 to 6 [59].
Mean for CRT was 4.55 (SD = 1.54).

Iowa gambling task (IGT). Decision-making skills were measured through the IGT. In
this task, participants were instructed to pick between four buttons (A-D) each containing a
gain of virtual money and sometimes also a loss. Participants were given a starting amount of
2000 and were told to maximize their winnings but not how many times they would have to
click one of the buttons. Choosing buttons, A or B would gain the participant an amount of
100 for each click but would over the span of ten clicks incur a loss of 1250. Conversely, choos-
ing buttons C or D would gain the participant an amount of 50 for each click but would over
the span of ten clicks incur a loss of 250. Buttons A and C would on average incur a loss for
every other click with button A’s losses spanning from 150 to 350 and button C’s losses span-
ning from 30 to 70. Buttons B and D would on average incur a loss every ten clicks with the
loss being 1250 for B and 250 for button D. Therefore, decks A and B can be considered bad
buttons since clicking on either of them will on average result in a Net Worth loss of 250 in the
span of ten clicks. Decks C and D can be considered good buttons since clicking on those but-
tons will on average increase Net Worth by 250 in the span of ten clicks. These probabilities
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were not known to the participant in advance and the test ended after a hundred cards were
drawn. The programming for the IGT was performed on PsyToolkit [60,61]. The probabilities
and values were modified in line with the “four-deck format”, as described by Lin et al. [62],
and the hint instruction removed to be in line with Fernie and Tunney’s [52] revised IGT.

Performance on the IGT was measured by Net Worth at the end of the task and by subtract-
ing the number clicks on buttons A and B from the number of clicks on buttons C and D for
each block of 20 clicks, resulting in 5 blocks of 20. This made it possible to examine the partici-
pants’ decision-making patterns and it follows the procedure of previous studies [50,63,64].
Cognitive testing took approximately 5 to 10 minutes and ended after the participants had
made 100 clicks and their Net Worth at the end of the game was presented to them. Mean for
the IGT was 2019.61 (SD = 1540.74).

Statistical analyses

First, descriptive information was calculated on all variables included in the present study, and
next bootstrapped correlations were performed on these variables. Descriptive information
and correlation analyses (using bootstrapping) were calculated with IBM SPSS-26 [65]. In the
path analyses, the direct effects of age, Medals/MMR, matches played, and performance in the
cognitive reflection task (CRT) on decision-making performance in the IGT were investigated.
Indirect effects of the relationship between matches played on IGT through Medals/MMR
were also considered. Since Medals and MMR were highly correlated, their predictive power
was investigated in separated models. Three fit indices were used to evaluate both models: the
root-mean-square error of approximation (RMSEA), Bentler’s comparative fit index (CFI),
and chi-square divided by the degrees of freedom (y2/df). Both standardized and unstandard-
ized parameter estimates were used to explore how each predictor variable was associated with
performance in IGT. We used bootstrapped estimates of standard error, 95% confidence inter-
vals, and p-values. The path analyses were conducted with IBM Amos SPSS-26 [66] using full
information maximum likelihood (FIML) estimation.

Results

Descriptive data of the study sample can be seen in Table 1.

For all variables, both skewness and kurtosis were indicative of normally distributed data.
An upper limit of 7 for kurtosis, and 2 for skewness, have been suggested in the literature [67].
The results from the Bootstrapped correlations can be seen in Table 2.

As Table 2 shows, there were several significant correlations between variables, and most of
them withstood control for multiple comparisons. As expected, there was a very high positive

Table 1. Descriptive statistics of the study sample (n = 337).

1. Age

2. MMR

3. Medal

4. Matches Played
5. CRT

6. IGT (net worth)

Mean SD Skewness® Kurtosis®
23.27 3.80 0.47 0.74
3875.52 1286.42 0.05 -0.25
23.86 7.34 -0.39 -0.50
4056.62 2449.83 1.19 2.40
4.55 1.54 -1.10 0.50
2019.61 1540.74 -0.42 0.10

Note. MMR = Match-making rating, CRT = Cognitive reflection task, IGT = Iowa gambling task.

Standard error = 1.33
Standard error = 0.27.

https://doi.org/10.1371/journal.pone.0264350.t001
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Table 2. Bootstrapped correlations between variables included in the study.

1 2 3 4 5 6
1. Age -
2. MMR -.01 -
3. Medal -.04 93** -
4. Matches played .10 .59** 56" -
5.CRT .03 117 .10 .05 -
6.1GT .01 15 177 .10 16" -

Note. Number of bootstrap samples was 1000 in all cases. MMR = Match-making rating, CRT = Cognitive reflection
task, IGT = Iowa gambling task.

*p<.05

**p < .01. Values in bold withstood Bonferroni adj. p < a =.05/15 =.0033.

https://doi.org/10.1371/journal.pone.0264350.t002

correlation between MMR and Medal, 95% BCa CI [.90, .96], as both are indicators of perfor-
mance in Dota 2. There were also positive correlations for performance indicators MMR, 95%
BCa CI [.52, .66], and Medal, 95% BCa CI [.49, .63], with matches played. Finally, MMR [.05,
.25], Medal [.06, .27], and CRT [.05, .28] were all significantly related to performance in the
IGT, and thus these factors may predict variations in IGT to a significant degree. Age was not
significantly related to any factor included in the correlation analysis, therefore this factor was
excluded from further analyses.

Results from the model with Medal as the Dota 2 performance measure are shown in Fig 1
(standardized regression weights and squared multiple correlations) and Table 3 (unstandard-
ized regression weights, 95% CI, standard error, and p-values).

Time-on-task was positively associated with Medal (Time-on-task — Medal, f = .56, p =
.010) indicating that more time spent playing was associated with better performance on Dota

CRT

,05
O——> Performance: Medal — IGT 4—0
Time-on-task

Fig 1. Path model with Iowa Gambling Task (IGT) regressed on Medal, cognitive reflection task (CRT), and
Time-on-task. Digits on bold represent significant standardized regression weights. Digits in italics show squared
multiple correlations.

https://doi.org/10.1371/journal.pone.0264350.g001
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Table 3. Regression weights in the model that included Medal, cognitive reflection task (CRT), and Time-on-task as predictors of performance in Iowa Gambling
Task (IGT). Bootstrapped estimates were used to determine standard error, confidence intervals, and p-values.

Predictor variable QOutcome variable B LL (95% CI) UL (95% CI) S.E. P
CRT — Medal 0.352 -0.052 0.823 0.234 .087
Time-on-Task — Medal 0.002 0.001 0.002 0.000 .010
CRT — IGT 144.662 17.240 249.164 55.122 .018
Time-on-Task — IGT 0.004 -0.070 0.090 0.039 968
Medal — IGT 31.361 2.957 62.361 14.368 .020

Note: B = unstandardized regression weights. CI = Confidence Interval. LL = Lower Level. UL = Upper Level. SE = Standard Error.

https://doi.org/10.1371/journal.pone.0264350.t003

2. No association was observed between CRT and Medal. There was a positive association
between Medal and IGT (Medal — IGT, B = .15, p = .019) suggesting that participants with
higher score on Medal performed better on IGT. There was also a positive association between
CRT and IGT performance (CRT — IGT, B = .14, p = .018). No association was found between
Time-on-task and IGT. The only indirect effect found in the model suggested that Medal
mediated a positive relationship between Time-On-Task and IGT performance (B,; = .08, 95%
CI [-.01, .16]). However, since there was no direct relationship between time-on-task and IGT
even without indirect paths entered to the model (see also results from correlational analyses)
it seems unlikely to suggest that Medal mediates any relationship between time spent playing
Dota 2 and IGT performance (See e.g., [68]). The fit index for the Model was good, CFI = .1,
RMSEA = .00, 90% CI [.00 -.14], and Chi-square (0.70)/df (1) = 0.70, p = .40.

Results from the second Model, using MMR as a measure of Dota 2 performance, are dis-
played in Fig 2 (standardized regression weights and squared multiple correlations) and
Table 4 (unstandardized regression weights, 95% CI, standard error, and p-values).

Time-on-task was again positively associated with Dota 2 performance (Time-on-task —
MMR, B = .59, p =.010) indicating that more time spent playing was associated with higher

CRT

. 7
0\9 q

,36 ,04

1l —p= IGT 4—( )

Performance: MMR

Time-on-task

Fig 2. Path model with Iowa Gambling Task (IGT) regressed on match-making rating (MMR), cognitive
reflection task (CRT), and Time-on-task. Digits on bold represent significant standardized regression weights. Digits
in italics show squared multiple correlations.

https://doi.org/10.1371/journal.pone.0264350.g002
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Table 4. Regression weights in the model that included match-making rating (MMR), cognitive reflection task (CRT), and Time-on-task as predictors of perfor-
mance in Iowa Gambling Task (IGT). Bootstrapped estimates were used to determine standard error, confidence intervals, and p-values.

Predictor variable Outcome variable B LL (95% CI) UL (95% CI) S.E. P

CRT — MMR 72.490 6.226 164.923 38.212 .044
Time-on-Task — MMR 0.309 0.256 0.381 0.031 .010
CRT — IGT 144.669 16.334 251.988 55.277 .018
Time-on-Task — IGT 0.009 -0.065 0.094 0.041 .845
MMR — IGT 0.152 -0.011 0.337 0.086 .068

Note: B = unstandardized regression weights. CI = Confidence Interval. LL = Lower Level. UL = Upper Level. SE = Standard Error.

https://doi.org/10.1371/journal.pone.0264350.t004

MMR. In this model, there was a positive association between CRT and performance on Dota
2 (CRT — MMR, B = .09, p = .044) signifying that better performance on CRT was related to
higher MMR. There was no significant association between MMR and IGT (MMR — IGT, =
.13, p =.068). As in the previous model, there was a positive association between CRT and IGT
performance (CRT — IGT, B = .14, p = .018) and no association was found between Time-on-
task and IGT. No indirect effects were found for any of the variables in the model. The fit
index for the Model was good, CFI = .1, RMSEA =.00, 90% CI [.00 -.14], and Chi-square
(0.70)/df (1) = 0.70, p = .40.

Additional analyses were performed to test for non-linear relationships between variables
included in the models. Curve estimation regression analyses revealed that in most cases linear
relationships fitted the data best. However, with regards to players’ performance in Dota 2
(Medal, MMR), the analyses showed the strongest support for a S-curve relationship between
Medal and IGT (¥* = .09, p = <.001), and between MMR and IGT (= .08, p = < .001). This
suggests a faster growth at the middle of the curve. That is, low levels of Dota 2 performance
have limited influence on growth in IGT, medium level of Dota 2 proficiency is related to
increased growth in IGT, followed by a slower rate of growth in IGT as players reach a higher
level of proficiency in Dota 2.

Discussion

The aim of the present study was to examine the relationship between skill level/performance
in the video game Dota 2 and the ability to make decisions under ambiguity and experience as
measured by performance in the Iowa gambling task (IGT). Results showed that Medal, an
objective measure of ranking in Dota 2, was significantly predictive of performance in the IGT
(Net Worth score). The other indicator used as measure of performance in Dota 2, the MMR
score, revealed a borderline significant trend (p = 0.09) in relation to IGT. Additional analyses
revealed that the relationship between performance in Dota 2 and IGT was particularly evident
among participants that were at middle level range of Dota 2 proficiency (s-shaped curve rela-
tionship). The cognitive reflection task (CRT), used as measure of the ability to engage in con-
scious, analytical, rational, and logical thinking rather than to make decisions based on
intuitions, was a significant predictor of performance in IGT as well, but also significantly
related to MMR. However, there was no relationship between time-on-task (Matches Played
in Dota 2) and IGT. As expected and based on previous findings [42,69], time-on-task proved
to be a strong predictor of performance in Dota 2 (Medal, MMR).

Results from this study introduce the possibility that video gaming tapping into decision
making under ambiguity can be used as a cognitive stimulating activity to promote decision
making ability. More specifically, results from this study suggest that Dota 2 can potentially be
used to increase decision-making ability. Although more studies are needed to confirm this
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finding, if video games can produce transfer into other areas of decision making, it may have
great impact for future interventions on, for instance, elderly and clinical populations. It must
be stressed though that the strength of the relationship between Medal and IGT was not very
strong, and thus caution should be taken to avoid making overly strong claims of the findings.
In addition, since the results from this study are based on cross-sectional findings (although
measures from Dota 2 are based on time-consuming processes prior study baseline), it is not
possible to determine the causal direction between factors. This raises the question of whether
playing Dota 2 is a situation wherein the ability to make decisions can be developed, if those
who are already better at decision-making play the game “better”, or both. If there is a “train-
ing effect” of playing Dota 2, it is possible that the challenges present in the game might help
players develop more effective strategies for making conscious considerations and for regulat-
ing their affective processes (i.e. using rational thinking), as described by Séguin et al. [45]. It
could also be that these challenges help players develop certain biases and make them more
aware of their “gut-feelings”, as described by Bechara [46]. Findings from this study may thus,
as noted above, indicate possible training effects that would suggest that performance in IGT
could be linked to transfer from trained decision-making skills [18].

Results also showed that the relationship between level of performance in Dota 2 and IGT
was not fully linear, and that there was faster growth in performance in IGT among partici-
pants who were in the middle range of Dota 2 proficiency. This may suggest that as one plays
more Dota 2 and gets more skilled (passing a certain threshold), a more rapid growth in IGT
performance will occur, but also that this relationship flattens out once you have reached a
higher level of proficiency in Dota 2. Although speculative, from a cognitive training perspec-
tive, it is therefore possible that a certain minimum expertise level must be reached before
transfer effects will be evident, and once one has reached high expertise (top level) the transfer
effects will fade out. The possibility to improve results in IGT could be more difficult once one
has achieved high scores and begins to approach maximum score.

If the opposite directionality is true, that better decision-makers are more likely to become
skilled Dota 2 players, the results may suggest other possible implications. As e-sports are
growing and becoming professionalized, identifying factors related to video game performance
will probably become increasingly important. Thus, not only may the findings from this study
help to understand the cognitive underpinnings related to performance in the game, it can
potentially also be used as part of screening to identify individuals most likely to become suc-
cessful in Dota 2. Regardless of the directionality between factors, results from this study high-
lights that related decision-making abilities are important aspects of “both games” (Dota 2 and
IGT), which was also theorized in this study.

Notably, no direct effects of time-on-task (matches played) on IGT were found. This was
somewhat surprising considering that practice obviously is strongly related to video game per-
formance, and has been found to be a critical factor for development also in more traditional
sports (see e.g., [70]). Results from analyses of indirect effects, which revealed a significant
mediating effect (Time-on-task — Medal — IGT) should be interpreted with caution since no
direct effect was found between time-on-task and IGT when no indirect relationships were
included in the model [68]. This non-existing relationship between time-on-task and IGT was
also confirmed in the correlational analyses. It could have been expected that the more one
practices, the larger the improvements on decision making abilities, that in turn is related to
performance in both Dota 2 and IGT. However, our findings suggest, as noted, that this is not
true with regard to the relationship between time-on-task and IGT. It could still be the case
that improved skills first has to be established (time-on-task — Dota 2 skill) before any transfer
is present. Another possibility, of course, is that performance in IGT could reflect decision-
making abilities that are predictive of success in Dota2, and thus less related to time-on-task,
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which may be rather influenced by other factors. As noted, the direction of causality between
factors cannot be established in this study, and thus more experimental and longitudinal stud-
ies are needed to establish the directionality.

In this study, two indicators of performance in Dota 2 were used, namely Medal and MMR.
One of them, Medal, was significantly related to IGT whereas the other, MMR, was not,
although it should be noted that MMR was borderline significant. The reason it was less pre-
dictive may be because it was self-reported. The exact MMR score cannot be seen by others
and was therefore reported by the participants. Medal, on the other hand, is an objective mea-
sure that was collected from Valve Corporation by using the players’ steam-ID. Although spec-
ulative, it may be that there was more noise in the MMR data than in Medal, which in turn
caused this minor difference in predictive power. It must be stressed however that MMR
scores have been used in previous studies (e.g., [42,69]) and have shown to be related to a num-
ber of other game related aspects (e.g., time-on-task).

To what degree Net Worth, used as dependent measure of IGT performance, is a measure
of decision-making under ambiguity, on the one hand, and under risk, on the other, could be
put to question. One could argue that the measure can be a kind of “composite” measure, con-
taining or being dependent on both kinds of decision-making conditions. As such, what infer-
ences can be made from this study? Firstly, results may suggest that different decision-making
situations are present and important to handle also in Dota 2 (and perhaps in MOBAs as a
whole), meaning that the game is demanding in different ways at once. Secondly, it seems that
long-term decision-making (as measured with IGT) might be what benefits a player in the
game. Interestingly, the current study also found that CRT, indicative of the ability of reflective
thinking, was positively related to Dota 2 performance (MMR) as well as performance in IGT.
CRT is also related to intelligence (e.g., [56]) and that intelligence may play a role for game
expertise are in line with previous findings (e.g., [38]) but at odds with others. Rohlcke et al.
[42], for instance, found no relationship between intelligence (Raven’s Matrices) and MMR
score. However, the CRT is not a pure measure of general intelligence, it is rather a multidi-
mensional measure and may thus capture a more comprehensive picture of what is important
for Dota 2 as well as IGT performance than a “pure” measure of intelligence. It seems plausible
that conscious, analytical, rational, and logical thinking, the dimensions of the CRT intended
to capture reflective thinking, can be related to the performance measures used in this study.
Thus, as it seems, a great strength of this study was the decision to include CRT to the analyses.

It has been questioned whether far transfer exists and that generalizability of such is hard to
establish (e.g., [10,17]). If the results from this study are indicative of far transfer, and that
video gaming can generate transfer to tasks not immediately related to those trained, it also
must be stressed that the IGT actually was designed to distinguish between clinical and non-
clinical populations (see e.g., [25,52,64]). Thus, it can be argued that this is a relatively “rough”
measure. In this study, with a relatively homogenous sample with regard to age, gender, inter-
est (gaming), and probably as well with regard to general health, we were still able to find
observable differences on the IGT dependent on video gaming expertise. A question that
remains is how results would have been on other measures of decision-making, and on tests
developed to measure other aspects of decision-making than those included in this study. In
addition, and as noted by Bediou et al. [21], different video games have different demands on
our cognitive capacities. Thus, other MOBAs, or video games from other genres, could be even
more (or less) predictive of IGT performance than skill in Dota 2. Future studies should there-
fore aim to differentiate the effects of different video games, and also include different outcome
measures to be able to discriminate the potential effects of video gaming.

A great strength of this study was the use of a web-based approach, which allowed us to
reach out to a large global community of young online video gamers. Another strength of this
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study was the large sample size, which increases the generalizability and reliability of the
results. The study also included reliable cognitive tests such as the CRT and the IGT, which
give further strength to our findings. The study also focused on a specific video game (Dota 2)
in order to increase the possibility of being able to draw conclusions. As noted, it has been sug-
gested that research should focus on the actual mechanics of the games played instead of using
genre-based classifications [30].

However, in interpreting the results, some limitations should also be noted. Participants
filled in questionnaires and performed all cognitive tests from a computer at home. Thus, we
cannot rule out the possibility that instructions were not completely followed, or that partici-
pants rushed through the survey to acquire the compensation offered. Further, we were not
able to control for the circumstances in which the respondents were tested, which can influ-
ence the results. However, it should be stressed that web-based studies often can be very reli-
able [71]. There are also some risks associated with self-reported measures (e.g., socially
desirable answers), which in this study could possibly explain the slight difference in predictive
power between Medal and MMR on IGT. To overcome the potential subjectivity induced
form self-reported measures, we made efforts to also include objective measures.

The sample almost exclusively consisted of males. The number of females was so small that
it was not justified to control for this factor. As a result, the study mainly examined the rela-
tionship between video gaming and decision-making in mostly males. Future studies investi-
gating the influence of video gaming on cognitive abilities should therefore include games that
also attract more females. In addition, the current study sample mostly included players of rel-
atively high skill and experience. The sampling could have therefore masked, or enhanced, the
effects of playing Dota 2. Future studies should thus aim to recruit a wider range of video gam-
ers with regard to proficiency. Also, the results from this could be game-specific, and may thus
not be generalizable to other games or genres.

Finally, it is always difficult to completely rule out the risk of participant reactivity.
Although participants were informed about the overall aims of the study, and that playing
video games potentially could be subject to training effects, in this study only skilled Dota 2
players were included, which potentially reduced the risk that participants altered their behav-
ior differently according to “research expectations”. In addition, we did not give any specific
information of what to expect from the cognitive tests. Thus, even if the players understood
the overall aims of the study, and that they were expected to perform as well as possible, they
did not know anything about expectations on how to execute the tests in a successful manner.

In conclusion, the present study suggests that skill level in Dota 2 is related to the ability to
make decisions under ambiguity and experience as measured by the lowa Gambling Task
(IGT). This study presents novel evidence that playing strategic video games may contribute to
increased decision-making abilities, which could suggest that playing video games can be used
for cognitive interventions. However, it is also possible that decision-making abilities can to
some extent predict performance in strategic video games, which should be of interest for the
e-sport community when screening for players likely to be successful in e-sports. Future stud-
ies are however needed to replicate the findings from this study. Future studies would also ben-
efit from a longitudinal design to establish the directionality between video gaming and
decision-making ability.
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