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Research showed that action real-time strategy gaming (ARSG) experience is related to cognitive and neural plasticity, including visual selective attention and working memory, executive control, and information processing. This study explored the relationship between ARSG experience and information transmission in the auditory channel. Using an auditory, two-choice, go/no-go task and lateralized readiness potential (LRP) as the index to partial information transmission, this study examined information transmission patterns in ARSG experts and amateurs. Results showed that experts had a higher accuracy rate than amateurs. More importantly, experts had a smaller stimulus-locked LRP component (250 – 450 ms) than amateurs on no-go trials, while the response-locked LRP component (0 – 300 ms) on go trials did not differ between groups. Thus, whereas amateurs used an asynchronous information transmission pattern, experts used a reduced asynchronous information transmission pattern or a synchronous pattern where most of processing occurred prior to response execution – an information transmission pattern that supports rapid, error-free performance. Thus, experts and amateurs may use different information transmission patterns in auditory processing. In addition, the information transmission pattern used by experts is typically observed only after long-term auditory training according to past research. This study supports the relationship between ARSG experience and the development of information processing patterns.
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Introduction

Brain and cognitive plasticity (Loevden et al., 2010) occurs when individuals are frequently exposed to cognitively demanding tasks (Dale et al., 2020). Action video gaming (AVG) – an important, new medium of entertainment – requires players to pay close attention to peripheral stimuli while monitoring multiple complex visual stimuli simultaneously under time pressure, thus demanding for a high cognitive load for information processing (Green and Bavelier, 2012), attention (Green and Bavelier, 2003), visual memory (Blacker et al., 2014), and spatial cognition (Green and Bavelier, 2007). Action real-time strategy gaming (ARSG – e.g., League of Legends [LOL]) – an emerging subgenre of AVG – contains (a) “action” components that require sensorimotor skills (e.g., hand-eye coordination, visual attention, and visuospatial cognition) and (b) “strategy” components that require decision making and team collaboration, just like the traditional team sports (e.g., basketball) (Gong et al., 2019a). Thus, ARSG can provide new insights into learning-related cognitive and neural plasticity.

The information transmission pattern across processing stages (i.e., sensory processing, stimulus identification and response selection, preparation and execution stages) has been explored through the transmission speed of various attributes contained by a stimulus (Miller and Hackley, 1992). Even a simple sound stimulus (e.g., a pure tone) contains multiple attributes such as pitch, intensity, and duration. Under certain circumstances, certain attributes can be transmitted to the next stage before other attributes are processed – referred to as partial information transmission (Miller and Hackley, 1992). Event-related potential (ERP) research has examined this effect using both visual and auditory information as the partial information to be transmitted (Osman et al., 1992; Gong et al., 2012b; Lu et al., 2014). There are two competing theories of information transmission pattern. One theory proposes that information transmission occurs in a synchronous pattern, where information processing is completed at each stage before progressing to the next (Sternberg, 1969), resulting in longer response time but higher accuracy by maintaining temporal congruence (Ho et al., 2012). The other theory suggests an asynchronous transmission pattern, where information is processed simultaneously in different stages (Miller and Hackley, 1992; Smulders et al., 1995), thus resulting in shorter response time but lower accuracy due to lack of temporal congruence between stimulus attributes (Ho et al., 2012).

An interventional study conducted by Gong et al. (2013) examined the effect of a daily 2-h auditory training program that lasted one month on the development of transmission pattern in the auditory channel (Figure 1). Gong et al. explored partial information transmission using pure tones where pitch was more discriminable than intensity. Prior to the training program, pitch was processed faster and transmitted to the response selection and preparation stage before intensity was fully processed, thus leading to the large amplitude of stimulus-locked lateralized readiness potential (S-LRP) on no-go trials which indicates an asynchronous transmission pattern. As the training program progressed, the processing of intensity became faster and the amplitude of S-LRP decreased on no-go trials, indicating the emergence of a reduced asynchronous pattern. Then, as a rapid, error-free performance gradually occurs through learning, the processing of pitch and intensity becomes temporally comparable – as indicated by the disappearance of S-LRP on no-go trials – suggesting that the asynchronous pattern observed prior to training eventually became an error-free synchronous pattern. Thus, the two transmission patterns can be observed in one individual, thus reconciling the two competing theories (Gong et al., 2013). Furthermore, Gong et al. (2013) proposed that the development of information transmission patterns reflects the process of expertise acquisition. Supporting this proposition is the finding that holistic processing can be recruited during the acquisition of expertise in object recognition, and that the level of this recruitment is related to the amount of expertise (Gauthier and Tarr, 2002; Curby et al., 2009; Richler et al., 2011; Chua and Gauthier, 2020). The same logic could hold in auditory processing: the recruitment of holistic processing may be related to the improvement of perceptual discrimination, which can diminish the difference between the processing of pitch and that of intensity, thus reducing the S-LRP component. Furthermore, rapid motor-response preparation was observed after a 5-day visual search practice, as indicated by a significantly earlier S-LRP onset latency after practice (Clark et al., 2015).
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FIGURE 1
The model showing how training reduces processing times for intensity and pitch until they are comparable and the S-LRP disappears, indicating the development from an asynchronous pattern to a synchronous one. S: Stimulus onset; RT: Reaction time. This Figure is adapted from Miller’s Figure 1 in 1992 (Miller and Hackley, 1992) and Gong’s Figure 5 (Gong et al., 2013).


Over the past few decades, most of research has shown that AVG experience is related to cognitive and brain plasticity in visual channel (Bediou et al., 2018; Bavelier and Green, 2019), offering a potential pathway for inducing cognitive and brain plasticity. Thus, it is possible that extensive ARSG experience can induce a reduction in the asynchronous pattern and/or the occurrence of an error-free synchronous pattern, just like traditional cognitive and sensorimotor training (Gong et al., 2013; Bavelier and Green, 2019). Supporting this possibility is the fact that ARSG requires players to process a large amount of complex stimuli (e.g., audio-visual stimuli) under time pressure, which can improve their information transmission ability (Lu et al., 2014). Indeed, ARSG experience is associated with cognitive enhancement, such as cognitive flexibility (Glass et al., 2013), executive control (Li et al., 2020), and fluid intelligence (Kokkinakis et al., 2017). Long-term ARSG/real-time strategy video game (e.g., LOL) experience is related to the enhancement in the functional integration of insular subregions and the pertinent networks therein (Gong et al., 2015), that between salience and central executive networks (Gong et al., 2016), and the alterations along axons that link structures of the occipito-parietal loop related to spatial and visual processing (Kowalczyk et al., 2018). ARSG experience is also related to improvement in the spatial (Qiu et al., 2018) and temporal component (Gan et al., 2020) of visual selective attention and working memory (Yao et al., 2020) as indicated by ERP measures. Moreover, electrophysiological (EEG) network characteristics reveal a more active information processing during ARSG than low cognitive-load states (Gong et al., 2019a). All these cognitive functions are closely related to components essential for information transmission, such as attention (Stelmach and Herdman, 1991; Saalmann et al., 2012), work memory (Xia et al., 2019; Zhang et al., 2020), and perceptual discriminability (Gong et al., 2012b), thus opening up the possibility that ARSG experience is related to improved information transmission.

This study explores the effect of the ARSG experience on information transmission in auditory channel by determining whether ARSG (e.g., LOL) experts have a superior information transmission pattern compared with ARSG (e.g., LOL) amateurs. This study differs from past research in two ways. First, while past research mostly focused on the effect of AVG experience on visual development (Bediou et al., 2018; Bavelier and Green, 2019), this study examined the relationship between AVG experience and auditory development (also read Donohue et al., 2010; Zhang et al., 2017; Cui et al., 2021). The in-game sound of ARSG (e.g., LOL) is essential for successful gaming experience. For example, the sound of fixed skills assists players in predicting enemies’ trajectory of motion (e.g., the sound of Ash’s R skill), while the sound of additional skills enables players to determine whether certain skills are released to save teammates or kill enemies (e.g., the sound of the kindling skill), and the sound of non-player controlled characters assists players in inferring what is outside their field of vision (e.g., the sound made when monsters are attacked or killed). Thus, LOL experience may be related to improved auditory abilities.

Second, to our knowledge, this study is the first to examine the relationship between individuals’ AVG experience and their information transmission pattern in auditory channel. Participants were administered a two-choice auditory go/no-go reaction-time task, which used pure tones whose pitch was more discriminable than intensity. According to past research (Gong et al., 2013), this study defined partial information transmission as the transmission of pitch to the next stage before intensity. If the asynchronous pattern decreased and/or the error-free synchronous pattern started to occur in LOL experts, we would predict that when compared with amateurs, LOL experts should have a higher accuracy rate, fast reaction time, and a smaller difference in their perceptual sensitivity (d′) between pitch and intensity. In addition, this study used the lateralized readiness potential (LRP) – a measure that offers a higher temporal resolution than behavioral index (Luck, 2014) – to examine partial information transmission. LRP negative-wave can reflect asymmetrical cortical activation as indicated by the difference between the contra- and ipsilateral amplitudes related to responding hands when subjects are informed which hand to use to respond (Gratton et al., 1988; Coles, 1989). S-LRP is associated with response selection and preparation, while response-locked LRP (LRP-R) may reflect the response organization and execution of the motor response (Coles, 1989; De Sanctis and Sommer, 2009). If LOL experts have a reduced asynchronous pattern and/or an emerging error-free synchronous pattern, the mean amplitudes of S-LRP should be smaller in experts than in amateurs on no-go trials, while the mean amplitudes of LRP-R should not significantly differ between groups (Coles, 1989), thus indicating that in experts, most processing has occurred prior to response execution (Gong et al., 2013).



Materials and methods


Participants

This study used the recruitment procedure established by previous research (Qiu et al., 2018; Gong et al., 2019b; Gan et al., 2020; Yao et al., 2020). All participants in this study were college students at the University of Electronic Science and Technology of China (UESTC) who responded to the recruitment flyers posted on campus or on Internet forums hosted by UESTC. Prior to the experiment, participants provided their demographic information including their age, gender, handedness, vision, audition, and history of mental and neurological diseases. All participants were right-handed, had normal audition, normal or corrected-to-normal vision, and no history of mental or neurological diseases. Participants also reported (1) their experience of LOL – the ARSG game used in this study – over the past two years and their Expertise Gaming Ranking, (2) their LOL ID that was used to validate their self-reported gaming experience and expertise, and (3) their gaming experience of other game genres over the immediate recent two years, which was used to ensure that LOL was the primary game genre for all participants, including both experts and amateurs recruited in this study (Qiu et al., 2018; Gong et al., 2019b; Gan et al., 2020; Yao et al., 2020).

League of legends experts and amateurs were defined according to both time- and skill-based criteria established in previous research (Qiu et al., 2018; Gong et al., 2019b; Gan et al., 2020; Yao et al., 2020). The experts had at least 2 years of LOL gaming experience and were regarded as LOL masters based on their expertise gaming ranking (the top 7% of players), an objective, generally used tool for measuring the relative gaming skill of LOL players. The amateurs had less than 0.5 years of LOL gaming experience and were regarded as amateurs based on their expertise gaming rankings (the lowest 29.92–45.11% of players). The participants were 22 male LOL amateurs (M = 21.42, SD = 3.20) and 22 male LOL experts (M = 20.08, SD = 2.93). The sample size was determined using G*Power 3.1.9 with an effect size of 0.25, a power of 0.80, and an alpha of 0.05 (Faul et al., 2007). To minimize participant bias, the participants were not informed of their group membership or the aim of the study.



Stimuli and apparatus

Table 1 shows the types of stimuli used in this study. Participants were seated approximately 1.1 m in front of a computer screen in a dimly lit, soundproofed, and electrically shielded room. Following the procedure used by Gong et al. (2013), four pure tone stimuli (1,000 Hz vs. 2,000 Hz; 55 dB vs. 59 dB) were created using Adobe Audition 3.0 and verified using Praat. Pure tones with a duration of 375 ms were binaurally presented via Sennheiser headphones. The sound pressure level was monitored through a digital sound level meter.


TABLE 1    The types of stimuli used in this study.
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Design and procedure

An experiment consisted of eight blocks, each consisting of 120 trials which were presented in random order. On each trial, participants heard either a louder (59 dB) or softer (55 dB) high-pitch (1,000 Hz) or low-pitch (2,000 Hz) pure tone. The pitch of the tone indicated which hand to use, while its intensity indicated whether a response should be performed (“go” or “no-go”). The stimulus response assignments remained constant within a participant, and were counter-balanced across participants. For each participant, left-hand and right-hand responses were equally frequent, while the likelihood of the go and no-go trials was 0.67 and 0.33, respectively.

Each trial started with a cross (+) presented in the center of a black screen. The participants were asked to focus on the cross throughout an experiment. Approximately 500 ms before the imperative stimulus, the cross flashed to prompt the participants of the upcoming pure tone (duration = 375 ms). On the go trials, participants were asked to respond as quickly and accurately as possible by pressing three keys (the C, Z, and X keys on a standard keyboard for left-hand responses, and the M, period keys, and comma for right-hand responses) with the index, ring, and middle fingers. The C and M keys were “correct” responses. This design was used because the robustness of the LRP component is related to the complexity of action required by the task (Hackley and Miller, 1995). On the no-go trials, participants were asked to avoid making any overt finger response. After a random inter-trial interval of 1,250-1,500 ms, the next trial began. An experiment started with a practice phase, during which feedback (1,500 ms) concerning correctness and speed of responses was provided immediately after each response or 2 s later when a response should be prohibited. After 30 practice trials, the main experiment started. Participants were not provided with feedback in the main experiment.



Electrophysiological recording and preprocessing

The behavioral data and EEG signals were recorded synchronously. The EEG data were collected using an electrode cap with 32 Ag-AgCl electrodes based on an international 10-20 system. Following the procedure used in previous studies (Gan et al., 2020; Yao et al., 2020), the EEG signals were recorded using an amplifier (BioAmp-eeg32) designed by the Key Laboratory of the Ministry of NeuroInformation Education of the UESTC, and was digitized with a 1,000-Hz sampling rate. All signals were referenced online with linked earlobes and filtered online with 0.05-100 Hz. To monitor eye movement artifacts, vertical electrooculograms (EOGs) and horizontal EOGs were recorded. The impedances of all electrodes were kept below 5 KΩ.

The offline EEG data were analyzed using EEGLAB (Delorme and Makeig, 2004) and ERPLAB (Lopez-Calderon and Luck, 2014) toolboxes in MATLAB 2013b (MathWorks, Natick, NA). Raw data were first re-referenced to “infinity” zero provided offline by the reference electrode standardization technique (REST) (Yao, 2001). The data were then filtered using IIR-Butterworth non-causal filters with half-power cutoffs of 0.10 Hz and 30 Hz (roll-off = 12 dB/oct) and 2 order. A 180-order, 50-Hz Parks-McClellan Notch Filter was used to avoid 50-Hz-frequency interference. Next, independent component analysis (ICA) was performed for eye movement correction. For the S-LRP component, the preprocessed EEG data were segmented into 1,000 ms epochs that were time-locked to stimulus onset and included a 200 ms prestimulus baseline. For the LRP-R component, the preprocessed EEG data were segmented into 1,200 ms epochs that were time-locked to the response onset and included 200-ms postresponse data, and the baseline ranged from −1000 to −800 ms before response onset. Noise was removed using the sliding window with a 200 ms window width, 100 ms window step, and ± 100 μV threshold (Luck, 2014). In addition, for go trials, the correct trials were defined as the trials of correct hits. Specifically, for go trials that required left-hand (or right-hand) responses, the correct trials were the trials where left-hand (or right-hand) responses were made. For no-go trials, the correct trials were the trials of correct rejections. Only “correct” trials were included for further analysis.



Data analysis

The accuracy rate and reaction time on “correct” trials were analyzed. For go trials, the accuracy rate was defined as the correct hit rates; for no-go trials, the accuracy rate was defined as the correct rejection rates. For go trials, reaction time was defined as the time interval between the pure tone onset and the participants’ first key response, a C (left-hand response) or M key response (right-hand response). The trials of left- and right-hand response were classified and averaged to ensure statistical power. For the accuracy rate, a 2 (group: experts, amateurs) × 2 (response: go, no-go) two-way ANOVA analysis was performed. For the reaction time data, an independent-samples t-test compared reaction time between LOL experts and amateurs on go trials.

In addition, d’ was calculated according to the hit and false alarm rates (Gong et al., 2012a,2013). To calculate d’, one stimulus dimension was arbitrarily defined as the signal, while the other was defined as the noise. In this study, the intensity related to go responses was the signal and that related to no-go responses was the noise; the pitch related to left-hand responses was the signal and that related to right-hand responses was the noise. Then, the hit and false alarm rates for the pitch and intensity were calculated respectively (Miller and Hackley, 1992). For pitch, a hit was defined as a left-hand response to a stimulus requiring a left-hand response, regardless of whether the intensity of the tone indicated a go or a no-go response; a false alarm was defined as a left-hand response to the other pitch. For intensity, a hit was defined as a go response to a go stimulus, regardless of whether the pitch of the tone indicated a left-hand or a right-hand response; a false alarm was defined as a go response to a no-go stimulus. Then, d’ was calculated. For the d’ data, a 2 (group: experts vs. amateurs) × 2 (stimulus: pitch vs. intensity) two-way ANOVA was performed.

According to group-average topographic maps and waveforms, the mean amplitudes of N1 and P2 components were evaluated during 90 – 130 ms and 160 – 200 ms at FCz electrode after the stimulus onset, respectively. Since this study focused on the LRP component, C3 and C4 electrodes were selected for further analysis (Gong et al., 2012a,b, 2013; Lu et al., 2014). The LRP was extracted based on the difference between the contra- and ipsilateral electrodes over the primary motor cortex time-locked to stimulus onset (S-LRP) or response onset (LRP-R) and the contra- and ipsilateral electrodes connected to the responding hand (Gong et al., 2013; Uccelli et al., 2020). Specifically, the LRP was calculated by subtracting the ipsilateral amplitude from the contralateral amplitude (i.e., C3–C4 and C4–C3 for the right- and left-hand responses, respectively) for the left-hand go trials (C4-C3), left-hand no-go trials (C4-C3), right-hand go trials (C3-F4), and right-hand no-go trials (C3-C4). Then, according to whether the key was pressed or not (go/no-go), the above four conditions were merged into two conditions: go trials and no-go trials. Finally, based on previous studies and group-level waveforms (Takacs et al., 2020; Walk et al., 2020), the mean amplitudes of S-LRP were evaluated from 250 to 450 ms from the stimulus presentation, and the LRP-R mean amplitudes were evaluated from −300 to 0 ms to the responses, where the mean amplitudes of LRP-R were measured every 50 ms. For the LRP-S component, a 2 (group: experts vs. amateurs) × 2 (response: go vs. no-go) two-way ANOVA was performed. For the R-LRP component, independent-samples t-tests compared the mean amplitudes between experts and amateurs on the go trials within each time window.




Results


Behavioral results

Reaction time on the “correct” trials did not differ between right- (experts: 789.80 ms; amateurs: 846.85 ms) and left-hand responses (experts: 799.74 ms; amateurs: 848.62 ms) in either experts (t = 0.54, p = 0.59) or amateurs (t = 0.08, p = 0.93), suggesting that no confusion occurred in participants’ key pressing responses when they were asked to press three keys rather than one. Then, the trials of left-hand and right-hand responses were classified and averaged for further analysis. Within each participant, we calculated an average reaction time on “correct” go trials. However, an independent-samples t-test found that reaction time did not significantly differ between experts (M = 794.77 ms, SE = 22.71 ms) and amateurs (M = 847.73 ms, SE = 28.27 ms; t = 1.46, p = 0.15).

For the accuracy rate, a two-way ANOVA showed that the main effect of group (F [1, 42] = 5.50, p = 0.02, η2p = 0.12) was significant, but neither the group × response interaction nor the main effect of response approached significance (p’s > 0.05). These findings suggested that (a) the accuracy rate was higher in experts (M = 89.18%, SE = 0.94%) than in amateurs (M = 84.22%, SE = 1.90%) – a finding that applied to both types of responses (i.e., go, no-go), and (b) the accuracy rate did not differ between go and no-go responses. Then, we performed independent-samples t-tests to compare the accuracy rate of LOL experts and amateurs on go trials and no-go trials, respectively. On go trials, experts (M = 91.32%, SE = 1.07%) had higher accuracy rate than amateurs (M = 81.72%, SE = 2.50%), t = 3.49, p = 0.001, Cohen’s d = 1.05. However, on no-go trials, no significant between-group differences emerged (experts: M = 87.06%, SE = 1.84%; amateurs: M = 86.70%, SE = 2.95%; t = 0.12, p = 0.90).

Table 2 shows the percentage of different stimuli for each type of response. First, we performed independent-samples t-test to compare the false alarm rates between experts and amateurs for pitch and intensity, respectively. No significant difference was found between the two groups for ether pitch (experts: M = 0.53%, SE = 0.14%; amateurs: M = 0.87%, SE = 0.36%; t = 0.90, p = 0.37) or intensity (experts: M = 12.94%, SE = 1.83%; amateurs: M = 13.30%, SE = 2.94%; t = 0.10, p = 0.92). Then for the d’ data, a two-way ANOVA showed that the main effects of group (F [1, 42] = 3.55, p = 0.07, η2p = 0.08) and stimulus (F [1, 42] = 25.58, p < 0.001, η2p = 0.38) were marginally significant and significant, respectively, but the group × stimulus interaction was not significant (F [1, 42] = 0.92, p = 0.34). These findings suggested that d’ was marginally higher in experts (M = 2.91, SE = 0.10) than in amateurs (M = 2.65, SE = 0.10) – a finding that applied to both types of stimuli (i.e., pitch, intensity). Furthermore, d’ significantly decreased from pitch (M = 3.01, SE = 0.07) to intensity (M = 2.55, SE = 0.10) – a finding that applied to both groups of participants. An independent-samples t-test found that the degree of this decrease (pitch d’ minus intensity d’) did not differ between experts (M = 0.37, SE = 0.14) and amateurs (M = 0.54, SE = 0.12); t = 0.96, p = 0.34.


TABLE 2    Percentage of different stimulus in each type of response.
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Event-related potential results

Separate independent samples t tests compared the mean amplitudes of N1 and P2 between experts and amateurs. Results showed no significant between-group differences for either N1 or P2 (p’s > 0.18; Figure 2). Figure 3 shows the event-related potentials of the go and no-go trials. The left figure shows the event-related potentials time-locked to the stimulus for the go and no-go trials. A 2 (group: experts vs. amateurs) × 2 (response: go vs. no-go) two-way ANOVA on the mean amplitudes during 250-450-ms time window found that neither the main effect of group nor the group × response interaction was significant (p’s > 0.09), but the main effect of response was significant (F [1, 42] = 22.01, p < 0.001, η2p = 0.34). These findings suggested that (a) the mean amplitudes did not differ between groups, (b) the mean amplitudes of S-LRP were greater with go responses (M = −0.56 μV, SE = 0.09 μV) than with no-go responses (M = −0.22 μV, SE = 0.07 μV) – a finding that applied to both groups of participants. Then, post hoc independent-samples t-tests examined the between-group differences in the S-LRP component on no-go and go trials, respectively. On no-go trials, S-LRP amplitudes were smaller in experts (M = −0.04 μV, SE = 0.11 μV) than in amateurs (M = -0.41 μV, SE = 0.10 μV; t = −2.47, p = 0.02, Cohen’s d = 0.75). However, on go trials, S-LRP amplitudes did not differ between experts (M = −0.49 μV, SE = 0.14 μV) and amateurs (M = −0.63 μV, SE = 0.11 μV; t = 0.44, p = 0.32).
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FIGURE 2
N1 and P2 mean amplitudes to the go and no-go trials for LOL experts and amateurs. The zero on the x-axis indicates the onset of stimulus. The electrodes selected were FCz.
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FIGURE 3
Event-related potential responses to the go and no-go trials for LOL experts and amateurs. The left figure shows the event-related potential responses on the go and no-go trials that are stimulus-locked. The right figure shows the event-related potential responses to the go trials that are response-locked. The zero on the x-axis indicates the onset of stimulus in the left and the onset of responses in the right. The electrodes selected were C3 and C4. The shadow box indicates the time window of the LRP component. S-LRP indicates stimulus-locked lateralized readiness potential; LRP-R indicates response-locked lateralized readiness potential.


To determine whether the S-LRP existed on no-go trials during 250-450 ms, t-tests compared the mean amplitudes during 250-450 ms against those during the baseline interval (i.e., 200 ms before stimulus) on no-go trials within experts and amateurs, respectively. The mean amplitudes between the two time windows was significantly different in amateurs (t = 4.19, p < 0.001, Cohen’s d = 1.15) but not in experts (t = 0.39, p = 0.70). In addition, for go trials, the mean amplitudes between the two time windows was significantly different in both amateurs (t = 5.54, p < 0.001, Cohen’s d = 1.49) and experts (t = 3.45, p = 0.002, Cohen’s d = 0.86). Moreover, we also compared the mean amplitudes between go and no-go trials in the 150-200-ms and 200-250-ms time windows within experts and amateurs, respectively. We found that prior to the onset of partial information transmission, electrophysiological activity to pitch and intensity did not differ in either experts or amateurs in these time windows (p’s > 0.28).

The right figure of Figure 3 shows the event-related potentials time-locked to responses for go trials. Table 3 shows the results of the LRP-R component during 0-300 ms before responses, where the mean amplitudes of LRP-R were measured every 50 ms. Separate independent-samples t-tests showed that the mean amplitudes were marginally smaller in experts than in amateurs in the 0-50-ms and 50-100-ms time windows, but did not differ between groups in other time windows.


TABLE 3    The results of LRP-R component during 0-300 ms before responses.
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Discussion

Using both behavioral and LRP measures, this study examined information transmission in LOL experts and amateurs under an auditory, two-choice go/no-go paradigm. Results showed that experts had a higher accuracy rate than amateurs. Furthermore, S-LRP amplitudes were smaller in experts than in amateurs on no-go trials, but LRP-R amplitudes did not differ between groups on go trials. Thus, in LOL experts, most of processing has occurred prior to response execution, which indicated that compared with amateurs, LOL experts might have a reduced asynchronous pattern or an emerging synchronous pattern (Gong et al., 2013).

League of legends experts tended to outperform amateurs in the current task. This is supported by the findings that (a) the accuracy rate was higher in experts than in amateurs, which is consistent with past findings that ARSG experience was associated with improved cognitive functions, including cognitive flexibility (Glass et al., 2013), executive control (Li et al., 2020), fluid intelligence (Kokkinakis et al., 2017), selective attention (Qiu et al., 2018; Gan et al., 2020), visual working memory (Yao et al., 2020), and information processing (Gong et al., 2019a), and (b) d’ was higher in experts than amateurs – a finding that applied to both pitch and intensity processing. Moreover, the results in accuracy rate also suggest experts pressed more correct response keys on go trials than amateurs, while the correct rejection rate on no-go trials did not differ between groups. However, reaction time did not significantly differ between groups. Perhaps, under the current experimental paradigm, reaction time was a less sensitive indicator to one’s behavioral performance than accuracy. Thus, between-group differences in reaction time may be less observable than those in accuracy in this study. Meanwhile, our finding also implied the difference between experts and amateurs is not in false alarm rates that reflects proactive inhibition controls.

This study found that S-LRP amplitudes were smaller in experts than in amateurs on no-go trials, but LRP-R amplitudes did not differ between groups on go trials. This finding suggested that in LOL experts, most of processing occurred prior to response execution. Thus, compared with amateurs, LOL experts might have a reduced asynchronous pattern or an emerging synchronous pattern (Gong et al., 2013). The LRP component may reflect the response selection, preparation, and executions of the motor cortex (Coles, 1989). The S-LRP can be associated with premotor processing, such as response selection and preparation (Coles, 1989), while the LRP-R reflects motor organization and execution (Coles, 1989; Masaki et al., 2004; De Sanctis and Sommer, 2009). In addition, S-LRP component existed on no-go trials during 250-450 ms in amateurs, suggesting amateurs did response preparation (Gong et al., 2012b). Then, the difference between go and no-go trials suggested the response preparation was not based on the whole information (i.e., the two attributes) but on the partial information of the stimulus (i.e., pitch) (Gong et al., 2012b).

The model proposed by Gong et al. (2013) explains how learning induces plasticity in information processing and transmission patterns (Gong et al., 2013; Figure 1). Long-term learning can decrease S-LRP amplitudes on no-go trials. Thus, learning can transform the information transmission pattern from an asynchronous pattern to a reduced asynchronous pattern and eventually to a rapid, error-free synchronous pattern. This may reflect the process of expertise acquisition. The experience of playing ARSG – a popular platform of intensive learning in the modern society – is related to enhanced cognitive flexibility (Glass et al., 2013), executive control (Li et al., 2020), intelligence (Kokkinakis et al., 2017), attention (Qiu et al., 2018; Gan et al., 2020), visual work memory (Yao et al., 2020), information processing (Gong et al., 2019a), and related neural mechanisms (Gong et al., 2015, 2016). These cognitive functions are closely related to information transmission. For example, clusters of cortical neurons can synchronize their activity to preferentially transmit information with attentional priorities (Saalmann et al., 2012). Directed attention may affect the speed of information transmission in the visual system (Stelmach and Herdman, 1991). Direct ventral hippocampus-medial prefrontal cortex information transmission may affect spatial working memory in rats (Xia et al., 2019). Furthermore, correct storage of work memory information can increase the network connection and efficiency of information transmission (Zhang et al., 2020). These findings support the link between long-term ARSG experience and an advanced information transmission pattern.

The difference of mean amplitudes between 250-450-ms after stimulus and the 200-ms baseline before stimulus in amateurs indicated that the amateurs used an asynchronous transformation pattern. Furthermore, partial information transmission was not observed in the LOL experts, suggesting the experts had a reduced asynchronous transformation pattern or even an emerging synchronous pattern. Meanwhile, the LRP-R amplitudes did not significantly differ between groups, suggesting that there was no significant between-group difference in response execution, and that the difference in S-LRP component on no-go trials between the two groups was not simply due to reduced movement complexity (Hackley and Miller, 1995). Thus, the current study suggests that LOL experts and amateurs may use different information transmission patterns in auditory processing. In addition, the pattern used by experts is associated with more accurate and efficient information processing – an information transmission pattern that is typically observable only after long-term auditory training (Gong et al., 2013).

This study found that LOL experts used a different auditory information transformation pattern than amateurs. The current findings are consistent with past findings that are mostly focused on the effect of AVG experience on the development of visual abilities (Bediou et al., 2018; Bavelier and Green, 2019). Why is LOL experience related to the development of auditory information transformation? There are two explanations. First, it may be related to the “learning to learn” hypothesis that AVG experts are generally good at learning task-relevant information (Bavelier et al., 2012). This explanation predicts that the benefit of AVG experience is observable when other cognitive abilities or domains are evaluated. However, owing to the correlational nature of this study, the current finding does not allow us to verify a further prediction made by the “learning to learn” hypothesis on how AVG experience facilitates cognitive development. Bavelier et al. (2012) also proposed that AVG facilitates cognitive development because AVG teaches players quick learning skills, thereby improving their capability to quickly learn to perform new tasks. Future interventional research should examine how AVG experience facilitates one’s general quick learning ability. Second, LOL gaming is a multi-sensory experience where auditory processing is also important, because sounds can be used to complete various tasks, such as communication with teammates, identification of the nature and source of appearing stimuli, and examination and understanding of the ever-changing battlefield situation. This explanation is consistent with past findings that AVG/video game experience was related to improved auditory cognition (Green et al., 2010; Zhang et al., 2017) and multisensory perception (Donohue et al., 2010).

In addition, this study found that LOL experts had improved intensity transmission but not pitch transmission when compared with amateurs. It is important to note that this finding by no means indicates that AVG experience cannot improve pitch transmission or intensity transmission is more improvable than pitch transmission. The current finding should be related to the experimental design used in this study. This study used pure tones whose pitch was more discriminable (1,000 Hz vs. 2,000 Hz) than intensity (55 dB vs. 59 dB). This is an established experiment design used to study partial information (Gong et al., 2012b), based on the logic that the attribute with high perceptual discriminability (pitch in this study) may be transmitted earlier than the attribute with low perceptual discriminability (intensity in this study). LOL experts may have improved transmission of the information that is lowly discriminable and therefore difficult to perceive, consistent with learning theory (Wenger et al., 2017; Lindenberger and Lövdén, 2019). The discrimination of pitch (1,000 Hz vs. 2,000 Hz) should be exceptionally easy, which may leave one’s pitch discrimination performance irrelevant to their learning experience (AVG experience in this study). We would predict that LOL experts should have improved pitch transmission rather than intensity transmission if we use pure tones whose intensity was more discriminable (e.g., 30 dB vs. 80 dB) than pitch (1,000 Hz vs. 1100 Hz) when compared with amateurs. This prediction is supported by past findings that partial information transmission is modulated by attribute’s perceptual discriminability regardless of its relation to the category identity of a stimulus (e.g., shape and pitch) (Kopp and Wessel, 2010; Gong et al., 2012b). Nevertheless, future research should examine this prediction.

Nevertheless, the correlational nature of this study precludes drawing causal conclusions. It is impossible to rule out the possibility that there are pre-existing systematic differences between the experts and amateurs recruited in this study. To address this issue, researchers should conduct a longitudinal, interventional study, where participants are randomly assigned to receive (or not to receive) AVG training. This design can address whether intentional training of ARSG can improve auditory information transformation. Furthermore, it is also important to examine how various factors (e.g., amount of gaming time, game content) affects the balance of the significance of ARSG use between improved information processing and negative consequences (Bediou et al., 2018; Dale et al., 2020). For example, certain game elements (e.g., virtual reward system, including caparison, power-ups, storyline missions, and daily login gifts) may influence players’ gaming behaviors and habits, thereby preventing cognitive development. Future research should examine how various game elements contribute to cognitive improvement, thus laying the theoretical framework for developing the next-generation AVG-based tool to facilitate cognitive development.



Conclusion

This study found that LOL experts had higher accuracy than amateurs in an auditory perception task. Moreover, in the experts, most of processing has occurred prior to response execution, suggesting LOL experts and amateurs used different information transmission patterns and that the pattern used by experts is associated with more accurate and efficient information transmission. Thus, long-term ARSG experience was related to the development of information transmission.
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