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Abstract 1 

 Quiet eye (QE) characteristics are trainable; however, little is known about the 2 

transferability into novel aiming tasks. The current study examines transfer from a dart 3 

throwing task to a beanbag throwing task. 24 participants were assigned to either a QE training 4 

(QET) or technical training (TT) group. Participants completed a pre-test, acquisition phase, 5 

post-test and transfer, each with 3 difficultly conditions. Both groups decreased their error from 6 

pre- to post-test, the QET group decreased error by significantly more. QET group reported 7 

lower error scores and longer QE across the 3 difficulty conditions, whereas the TT group 8 

decreased performance in the hard condition. In the transfer test, the QET group reported 9 

significantly lower error and longer QE than the TT group. QET improvements learned in one 10 

task can be transferred to novel tasks, although task demands and processing requirements may 11 

impact the effectiveness of this transfer. 12 

  13 
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Introduction  1 

 In sport, athletes are required to overcome a range of spatial and temporal constraints 2 

to successfully navigate their environments. Elite athletes have been reported to develop 3 

sophisticated perceptual and cognitive strategies to overcome these demands (Williams et al., 4 

2011). Perceptual-cognitive skill refers to an individual’s ability to extract relevant information 5 

from their environment and integrate it with their domain-specific knowledge and experience 6 

to decide on, and execute, the most appropriate action (Mann et al., 2019). Skilled individuals 7 

can recognise patterns (North et al., 2011), utilise postural cues (Causer & Williams, 2015), 8 

and use contextual information (Murphy et al., 2016) more effectively than less-skilled 9 

individuals. This expert advantage is underpinned by a more refined and systematic visual 10 

search strategy to identify and extract critical cues from an environment at specific time points 11 

(Mann et al., 2019). In aiming tasks, whilst there is less contextual information to process, 12 

athletes are still required to use refined eye movements to process action requirements and 13 

execute them accurately and consistently (Wilson et al., 2015). One eye movement variable 14 

associated with expertise and successful performance is the quiet eye (QE; Vickers, 1996). 15 

QE is defined as the final fixation on a location for more than 100 ms and within 3 of 16 

visual angle before the initiation of a critical action (Vickers, 1996). Longer QE durations have 17 

been consistently associated with superior performance, as well as a marker of expertise, in a 18 

range of aiming tasks (Wilson et al., 2015). During the QE, it is suggested that the specific 19 

movement requirements for a particular action are programmed, with more complex actions 20 

requiring longer programming and thus longer QE durations (Williams et al., 2002). Other 21 

research suggests that QE may also have a role in online control of the action (Causer et al., 22 

2017) as well as the programming and may also mediate the potentially negative impact of 23 

anxiety and fatigue on performance (Vickers & Williams, 2007). There is also evidence that 24 

the refined QE behaviours are more beneficial when information processing requirements are 25 
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high such as unpredictable or complex tasks (Klostermann et al., 2013). 1 

 Given the considerable impact of QE on performance (for a review see Lebeau et al., 2 

2016), many researchers have attempted to train individuals to develop more robust QE 3 

characteristics (Vine et al., 2014). QE training generally involves using a ‘gold-standard’ 4 

model to compare against the trainee, with instruction and feedback to develop key behaviours, 5 

such as an early onset of QE, and a long QE on a specific location (Causer et al., 2012). QE 6 

has been successfully trained in a plethora of aiming and interceptive tasks, in a wide range of 7 

domains and skill levels (Vine et al., 2014). Among the many advantages, QE training has been 8 

shown to increase performance (Vine et al., 2011), reduce muscle activation (Moore et al., 9 

2012), reduce anxiety (He et al., 2024), decelerate heart rate (Moore et al., 2012), and improve 10 

movement kinematics (Causer et al., 2011). Despite the effectiveness of QE training and the 11 

surfeit of QE training studies, few have explored whether the trained characteristics and 12 

performance advantages can transfer into other tasks.  13 

Most QE training studies have traditionally assessed transfer through tests in either 14 

high-stress or anxiety-inducing scenarios (Vine et al., 2011), using an adapted version of the 15 

same skill (Vickers et al., 2017), or by evaluating performance in a competitive environment 16 

(Causer et al., 2011). Under these conditions, performance gains and QE-related characteristics 17 

learned from the interventions can often be successfully transferred (Causer et al., 2012). 18 

However, some studies report that QE characteristics trained in a specific task may not transfer 19 

to other intraskill conditions (Flindall et al., 2020), and in interskill transfer, improvements in 20 

performance have been observed without corresponding QE behaviour transfer (Rienhoff et 21 

al., 2013). These mixed findings suggest that the likelihood of transfer may depend on the 22 

similarity between the original and transfer tasks, particularly in terms of motor, perceptual, 23 

and conceptual elements (Schoenfeld et al., 2024; Thorndike, 1914). 24 
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This aligns with the theoretical distinction between near and far transfer (Sala et al., 1 

2019). Near transfer occurs when learned skills facilitate the acquisition of new skills that are 2 

highly similar in movement patterns, context, or environmental conditions, enabling rapid 3 

adaptation. Far transfer, in contrast, involves applying skills to tasks that differ substantially 4 

from the original, relying on general cognitive or motor principles rather than direct repetition. 5 

Evidence suggests that near transfer is more likely to occur than far transfer, emphasizing the 6 

importance of task similarity for successful QE skill transfer (Fransen, 2024; Smeeton et al., 7 

2013). Nevertheless, the effectiveness of near transfer may still vary across populations, 8 

indicating that individual factors also play a role (Oppici & Panchuk, 2022). 9 

Given the equivocal reports of QE transfer between tasks, the current study examines 10 

whether QE trained participants can transfer any performance improvements and learned QE 11 

behaviours from a darts throwing task to a novel beanbag toss. Both tasks share fundamental 12 

sensorimotor characteristics, including the requirement to aim at a stationary target and to 13 

preprogramme key movement parameters such as force, trajectory, and angular displacement. 14 

Additionally, both exhibit comparable temporal structures, characterized by brief execution 15 

phases following a period of motor planning and target alignment (Khanjari et al., 2023). 16 

Despite these similarities, the tasks differ substantially in their motor execution demands. The 17 

beanbag toss predominantly recruits proximal musculature and involves gross arm movements 18 

(Fairbrother et al., 2012), whereas the dart throw engages more distal effectors and requires 19 

finely tuned coordination of the shoulder, elbow, wrist, and fingers to achieve precise endpoint 20 

control. To understand if transfer is impacted by processing requirements (Klostermann et al., 21 

2013), three complexities of each task were included. In line with the robust QE training 22 

literature, it was expected that the QE group would reduce their performance error and increase 23 

their QE durations significantly more than a group receiving technical training (Gonzalez, 24 

Causer, Grey, et al., 2017). These effects were expected to be more pronounced in the more 25 
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difficult conditions, due to the increased task demands (Klostermann et al., 2013). The 1 

performance improvements for the QE group were expected to transfer to the novel aiming 2 

task, however, it is unclear whether the QE adaptations would transfer (Rienhoff et al., 2013). 3 

Methods 4 

Participants 5 

The study consisted of 24 participants (mean age: 23.25 ± 4.95) recruited by 6 

opportunity sampling. The sample size was determined based on established norms in QE 7 

training research, where comparable experimental designs have consistently demonstrated 8 

robust effects with similar group sizes. To further contextualise the present sample, a post hoc 9 

sensitivity power analysis (α = .05; n = 24) indicated that the study was primarily powered to 10 

detect large effects, while smaller effects may not be reliably detectable. Participants had no 11 

previous darts or beanbag toss experience, were right-handed and had normal or corrected 12 

vision. Participants were assigned to one of two groups: QE training (QET; n = 12) or technical 13 

training (TT; n = 12), which were matched on pre-test error scores. The TT group were given 14 

technical instructions related to dart throwing adapted from previous dart studies (Marchant et 15 

al., 2007). The QET group received instructions that were developed and informed by previous 16 

QE studies (Causer et al., 2011) (see Table 1). To ensure there were no differences in the groups 17 

on the transfer task, both groups completed 3 beanbag tosses to a distance not included in the 18 

study (2.00 m). An independent t-test showed no significant differences between the groups 19 

(t22 = .438, p = .66). 20 

Written consent was provided prior to data collection, and the experiment was approved by the 21 

ethics committee of the lead institution.  22 

 23 

*Table 1* 24 

 25 
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Apparatus 1 

Gaze data was collected using a TobiiGlasses 2 (Stockholm, Sweden) mobile eye 2 

tracker. The throwing movements were videotaped using an external camera (Canon Vixia 3 

HFM41) that filmed the action in the sagittal plane at 50 Hz. The gaze and throwing videos 4 

were monitored during data collection and synchronized later in the laboratory using Adobe 5 

Premier Pro. A Unicorn XL double-sided darts board and darts (standard 24.0g) were used. A 6 

rectangular beanbag (141.8g) was chosen for the transfer task, as the object would not bounce 7 

or roll from where it landed.  8 

 9 

Procedure 10 

 Participants were fitted with the eye tracking system, which was then calibrated with 11 

participants in their ‘normal’ stance. Prior to testing, participants engaged in 3 practice trials to 12 

familiarise themselves with the both the dart throwing task and the beanbag toss transfer. The 13 

study consisted of a pre-test, acquisition phase and post-test that required participants to aim at 14 

the bullseye on a dart board. The novel transfer task required participants to throw a beanbag 15 

underarm towards a target on the floor. The pre-, post- and transfer-tests consisted of a total of 16 

18 trials divided equally between three distances: easy (1.37 m), moderate (1.87 m) and hard 17 

(2.87 m). Distances were quasi-randomised to ensure no distance was repeated for more than 18 

two trials. During the acquisition phase, all participants completed 90 trials (9 blocks of 10) 19 

consisting of 30 trials for each of the three distances, which were randomised. Group 20 

instructions were given at the start of the acquisition phase and reinforced after 30 and 60 shots. 21 

After completing the acquisition phase, participants were given a 15-minute interval before 22 

completing the post-test and then given another 15-minute interval before the transfer test. 23 

Testing took place in one session and lasted approximately 120 minutes.  24 

 25 
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Statistical Analysis 1 

 Performance was measured in both aiming tasks using absolute error (cm). Absolute 2 

error refers to the distance from the centre of the bullseye/target. During the transfer task, 3 

distance was measured from the centre of the beanbag, which was marked by a cross. QE was 4 

operationally defined as the final fixation over 100 ms and within 3° of visual angle towards a 5 

location prior to the critical phase of movement (Vickers, 1996). The onset of QE was defined 6 

as the initiation of the fixation that occurred prior to the start of the backward motion (flexion) 7 

of the arm. The offset of QE occurred when the gaze deviated from the location by 3° for more 8 

than 100 ms (Vickers, 2007).  9 

A three-way mixed design ANOVA was used to analyse absolute error (cm) and QE 10 

(ms) between the pre- and post-test, with group (QET, TT) as the between-subject factor, and 11 

phase (pre-, post-test) and complexity (easy, moderate, hard) as the within-subject factors. 12 

Performance during the transfer-test was analysed using a two-way mixed-design ANOVA, 13 

with group (QET, TT) as the between-subject factors and complexity (easy, moderate, hard) as 14 

the within-subject factors. Effect sizes were calculated using partial eta squared valued (ηp2). 15 

Greenhouse-Geisser epsilon was used to control for violations of sphericity and the alpha level 16 

for significance was set at 0.05 with Bonferroni adjustment used to control for Type I errors.  17 

 18 

Results 19 

Absolute error (cm)   20 

Pre- to Post-Test 21 

 There was no significant main effect for Group (F1,22 = .97, p >.05, ηp2 = .04). There 22 

was a significant main effect for Phase (F1,22 = 26.34, p <.01, ηp2 = .55). Absolute error was 23 

significantly higher in the pre-test (7.91 + 2.85 cm) compared to the post-test (6.08 + 2.65 cm; 24 

p <.01). There was also a significant Phase x Group interaction (F1,22 = 7.85, p =.01, ηp2 = .26). 25 
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Both groups reduced their absolute error from pre- to post-test, however, this decrease was 1 

significantly greater for the QET group (mean difference (MD) = 2.82 cm) compared to the TT 2 

group (MD = 0.83 cm) (see figure 1). There was a significant main effect for Complexity (F2,44 3 

= 45.53, p <.01, ηp2 = .67), with error being significantly lower in the easy (5.34 + 2.13 cm) 4 

compared to the moderate (6.46 + 2.49 cm; p <.05) and hard (9.19 + 2.57 cm; p <.01) 5 

conditions. In addition, absolute error was also significantly lower in the moderate compared 6 

to the hard condition (p <.01). There was a significant Complexity x Group interaction (F2,44 = 7 

3.41, p <.05, ηp2 = .13). Absolute error increased for both groups as difficulty increased, with 8 

the TT group showing larger increases (easy to moderate MD = 1.51 cm; moderate to hard MD 9 

= 3.42 cm) than QET (easy to moderate MD = 0.74 cm; moderate to hard MD = 2.05 cm), 10 

indicating QET maintained lower errors at higher difficulty. There was no significant Phase x 11 

Complexity (F 2,44 = .23, p >.05, ηp2 = .01) or Phase x Complexity x Group (F 2,44 = .62, p >.05, 12 

ηp2 = .03) interaction effects. 13 

 14 

*Figure 1* 15 

 16 

Transfer Test 17 

 There was a significant main effect for Group (F 1,22 = 4.44, p <.05, ηp2 = .17) with 18 

absolute error being significantly lower for the QET group (12.78 + 5.66 cm) relative to the 19 

TT group (16.16 + 4.04 cm). There was also a significant main effect for Complexity (F2,44 = 20 

3.59, p <.05, ηp2 .14). While there was no significant difference in absolute error between the 21 

easy and moderate conditions (MD .01 cm), there was an increase in absolute error between 22 

both the easy and hard (MD = 2.29 cm; p < .05) and moderate and hard (MD = 2.29 cm; p < 23 

.05) conditions. There was a significant Complexity x Group (F2, 44 = 3.26, p <.05, ηp2 = .13) 24 

interaction effect. There were no significant differences in error between the complexities for 25 
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the TT group (all p > .05), however, the QE group significantly increased their absolute error 1 

from both easy (MD = 4.54 cm; p < .05) and moderate (MD = 4.39 cm; p < .05) complexities 2 

to the hard complexity (see table 2).  3 

 4 

*Table 2* 5 

 6 

QE (ms) 7 

Pre- to Post-Test 8 

There was a significant main effect for Group (F1,22 = 62.74, p <.01, ηp2 = .74) with QE 9 

duration being significantly longer for the QET group (2016 + 535 ms) in comparison to the 10 

TT group (1431 + 303 ms). There was also a significant main effect for Phase (F1,22 = 20.50, p 11 

<.01, ηp2 = .48) with QE duration found to be significantly longer in the post-test (1919 + 597 12 

ms) relative to the pre-test (1527 + 342 ms) (see figure 2). There was a significant Phase x 13 

Group (F1,22 = 15.47, p <.01, ηp2 = .41) interaction. While there was a significant increase in 14 

the QE duration of the QET group from pre- to post-test (MD = 732 ms), the TT group showed 15 

no significant difference in QE duration (MD = 0.51 ms). A significant Phase x Complexity 16 

(F2,44 = 9.60, p <.01, ηp2 = .30) interaction was also found. Examination of the mean data shows 17 

that while there was an increase in QE duration from pre- to post-test in each of the three 18 

complexities, this increase was significantly greater in the hard (MD = 567 ms) condition, 19 

relative to both the easy (MD = 312 ms) and moderate (MD = 296 ms) conditions (see figure 20 

2). Moreover, there was a significant Phase x Complexity x Group (F2,44 = 4.51, p = .02, ηp2 = 21 

.17) interaction effect, with the QET group displaying significantly longer QE durations in the 22 

post test in the moderate and hard conditions, compared to the pre-test and the TT group. There 23 

was no significant main effect for Complexity (F2,44 = .16, p >.05, ηp2 < .01), and no significant 24 

Complexity x Group (F2,44 = .25, p >.05, ηp2 = .01) interaction effect. 25 
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 1 

Transfer Test 2 

 There was a significant main effect for Group (F1,22 = 39.42, p <.01, ηp2 = .64) with the 3 

QET group (2556 + 472 ms) showing a significantly longer QE duration when compared with 4 

the TT group (1244 + 472 ms) (see figure 2). There was no significant main effect for 5 

Complexity (F2,44 = .90, p >.05, ηp2 = .04), or Complexity x Group (F2,44 = 2.01, p >.05, ηp2 = 6 

.08) interaction effect.  7 

 8 

*Figure 2* 9 

 10 

Discussion 11 

 The current study examined the effects of QET on performance and transfer in aiming 12 

tasks. Consistent with expectations, the QET group demonstrated significantly longer QE 13 

durations during the post-test phase of the dart throwing task, which coincided with 14 

significantly lower performance error relative to the TT group. The QET group also displayed 15 

significantly longer QE durations during the moderate and hard complexities of the post-test 16 

relative to both the pre-test and TT group. The QET group’s superior QE durations again 17 

corresponded with lower error scores across the three complexity conditions, with the TT group 18 

increasing their error significantly more than the QET group between the moderate and hard 19 

post-test conditions. Importantly, the QET group maintained their superior gaze control during 20 

the transfer test, with significantly longer QE durations resulting in significantly lower error 21 

relative to the TT group. However, no significant differences were found in the QE durations 22 

of both groups as a function of complexity during the transfer test.    23 

In comparing the efficacy of QET and TT, the current study contributes to an already 24 

robust body of research by further reinforcing the benefits of QET in enhancing performance 25 
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across a range of aiming and interceptive tasks; beyond what is achievable through traditional 1 

technical training (Vine et al., 2015; Vine et al., 2014). There are competing theories around 2 

the functional role of the QE (Gonzalez, Causer, Miall, et al., 2017), some focusing on 3 

programming and online control of action, others on psychological readiness and inhibition of 4 

distractors or movement interference. Both theories suggest that QE reflects sustained visual 5 

attention that supports motor planning and/or execution. Researchers have shown that internal 6 

versus external focus of attention instructions modulate QE duration in dart-throwing 7 

(Neugebauer et al., 2020; Querfurth et al., 2016), highlighting an important link between gaze 8 

behaviour, attentional control, and performance in goal-directed motor tasks. Given the 9 

plethora of literature identifying the benefit of an external focus of attention on performance 10 

(Wulf et al., 2010), an alternative explanation of the results may be that engaging in QE 11 

expedites skill learning through this mechanism. 12 

The current study also sought to examine the programming hypothesis by determining 13 

the impact of task complexity on the efficacy of QET. Based on the premise that the QE period 14 

facilitates the pre-programming of movements, thus extending the time available for 15 

information processing and motor preparation (Vickers, 2011); it was expected that the QE 16 

durations of the QET group would increase linearly as a function of complexity in both aiming 17 

tasks. Contrary to expectations, QE durations remained relatively stable across the three post-18 

test complexity conditions of both aiming tasks, supporting claims that task difficulty and QE 19 

measures may not necessarily share a monotonic relationship (Walters-Symons et al., 2018). 20 

In contrast to previous research, which has shown increases in QE durations as a function of 21 

task complexity (e.g., Causer et al., 2017; Williams et al., 2002), the present study revealed no 22 

such interaction across the three post-test complexity conditions in either aiming tasks, 23 

challenging assumptions that longer QE durations are crucial for facilitating the pre-24 

programming of movements during more complex tasks. The absence of a significant, linear 25 
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relationship suggests that the role of the QE may be influenced by additional factors, such as 1 

task-specific demands, pressure, individual differences or cognitive load, underscoring the 2 

need for a more nuanced conceptualisation of the QE’s function in motor performance (Leivers 3 

et al., 2025).  4 

Previous studies on QE transfer have reported mixed effects across both interskill 5 

(Rienhoff et al., 2013) and intraskill (Flindall et al., 2020) tasks. Consistent with Thorndike’s 6 

(1914) theory of identical elements, it was predicted that the perceptual similarities of both 7 

aiming tasks in the current study (i.e. fixating on a static target prior to the initiation of 8 

movement) would result in the QET group displaying significantly longer QEDs, and 9 

significantly lower performance error than the TT group during a novel aiming task. In support 10 

of these predictions, the QET group demonstrated a significantly lower absolute error in the 11 

transfer test compared to the TT group. Further, the QET group maintained their QE duration 12 

improvements from the post-test in the transfer test. Taken together, the QET group’s ability 13 

to transfer their perceptual superiority to a novel aiming task provides evidence to challenge 14 

claims that the QE is highly domain specific, and the transfer to similar aiming tasks does not 15 

occur (Rienhoff et al., 2013).  16 

These findings are among the first to provide evidence of the QE’s inter-task 17 

transferability. As previously alluded to, the earlier work of Rienhoff et al. (2013) remains the 18 

only other study to have examined the QE’s transfer potential across two different tasks: a 19 

basketball free throw and a darts throw. Here, the study findings failed to support predictions 20 

of a positive QE transfer among a group of skilled basketball players who, having displayed 21 

significantly longer QEDs than a group of less-skilled basketballers during a free-throwing 22 

task, were unable to transfer their perceptual superiority to a subsequent dart throwing task. 23 

Despite both the free-throwing and dart throwing tasks sharing what Rienhoff and colleagues 24 

(2016) described as “several conceptual elements” (pp.6), the researchers later argued that the 25 
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perceptual components of both aiming tasks were too dissimilar for a transfer to occur, citing 1 

differences in their technical characteristics as the reason for this. This is supported by research 2 

suggest that this far transfer to tasks sharing fewer similar perceptual, motor, and cognitive 3 

elements (Schoenfeld et al., 2024; Thorndike, 1914) is less likely to occur, compared to near 4 

transfer (Fransen, 2024; Sala et al., 2019), with more similar elements, such as in the current 5 

study. These shared elements enabled the QET group to successfully transfer their training 6 

gains from the dart throwing task to the novel aiming task.    7 

However, when examining the complexity data during the transfer task, whilst the QET 8 

group maintained their QE in the hard complexity condition, they were unable to maintain their 9 

performance, with absolute error not being significantly different to that of the TT group. For 10 

novice athletes there may be a ceiling effect of simply engaging in a longer QE duration to 11 

improve/maintain performance, this effect has previously been reported for expert athletes 12 

(Leivers et al., 2025). In the hard transfer condition, the programming requirements, attention 13 

resources required and/or the psychological demands may have reached a limit that led to 14 

performance to decline (Hossner, 2016). This suggests that while QET enhances attentional 15 

control and motor programming under familiar or moderately demanding conditions, its 16 

benefits may diminish when task complexity exceeds the performer’s cognitive or motor 17 

capacities. Under such constraints, extended QE may reflect compensatory effort rather than 18 

efficient information processing or movement calibration (Wilson et al., 2007). Further 19 

development of perceptual-motor skills and task-specific expertise is therefore required before 20 

the benefits of prolonged QE can be realised in highly complex or novel contexts.  21 

It is also worth noting that the conflicting findings in the few QE transfer papers may 22 

also be impacted by the differences in how the QE was defined in these studies. For example, 23 

Rienhoff et al. (2013) defined the QE as the final fixation on the target prior to the initiation of 24 

the extension phase, whereas in the present study, it was defined relative to the initiation of the 25 
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flexion phase. Flindall et al. (2020) operationalized QE as the moment of dart release. These 1 

discrepancies in definitions may contribute to inconsistent findings, as certain aspects of 2 

movement programming or online control could have been overlooked depending on how QE 3 

was operationalized. Therefore, it is important for future research that the QE definitions is 4 

consistently and accurately applied for studies to be appropriately compared. 5 

Further limitations should be acknowledged. First, the sample size was relatively small 6 

(n = 24), which is consistent with much of the QE training literature but may have limited 7 

power to detect small or moderate effects, particularly higher-order interactions involving task 8 

complexity and transfer. Accordingly, non-significant findings should be interpreted with 9 

caution. Second, task complexity was manipulated solely via target distance; other sources of 10 

complexity, such as temporal constraints or environmental uncertainty, were not examined. 11 

Finally, the absence of kinematic measures means that inferences regarding the mechanisms 12 

underlying performance improvements, such as motor programming or online control, remain 13 

indirect. Future research should examine QE transfer using larger samples and longitudinal 14 

designs to assess the retention and durability of training effects. Investigating transfer across 15 

tasks that vary systematically in perceptual, motor, and cognitive similarity, and across 16 

different skill levels, would help clarify the boundary conditions under which QE training 17 

generalises. Integrating gaze measures with kinematic, biomechanical, or neurophysiological 18 

indices may further elucidate the mechanisms underpinning successful transfer. 19 

There are several applied implications for this work, especially within PE and coaching 20 

domains. For example, instructors can use QE training techniques to bridge learning between 21 

different motor skills that share similar processes or constraints. For instance, when 22 

transitioning from skills involving similar visual and motor demands; applying QE strategies 23 

could aid in this skill transfer (Vine et al., 2014) and speed up the acquisition and development 24 

of these new skills. Furthermore, given the link between QE and anxiety, integrating QE 25 
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training into curricula could foster adaptability, resilience under pressure, and long-term motor 1 

skill development (Vickers, 2009).  2 

The current study is the first to identify that QET can lead to positive interskill 3 

performance in novel tasks with novice athletes. These data also show that the underlying 4 

trained process of a longer QE durations helped maintain performance improvements in the 5 

transfer task. These data can be used to design effective training programmes to teach novel 6 

skills efficiently and identifies a future avenue of research to explore how skills are learned 7 

and transferred into novel contexts. Future research should also investigate the interaction 8 

among QE duration, task difficulty, and skill level to clarify the boundary conditions of QET 9 

efficacy. 10 

 11 

  12 
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Figure 1 1 

Absolute error (cm) of the Quiet Eye Training and Technical Training groups in the (a) easy, 2 

(b) moderate, and (c) hard conditions during the pre-test, post-test, and transfer-test. Error 3 

bars represent standard deviations. 4 

 5 

 6 

 7 

 8 
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Figure 2 1 

Quiet eye duration (ms) of the Quiet Eye Training and Technical Training groups in the (a) 2 

easy, (b) moderate, and (c) hard conditions, during the pre-test, post-test, and transfer-test. 3 

Error bars represent standard deviations.  4 

 5 

 6 

 7 

 8 



 19 

Table 1 1 

Training instructions used for the Technical Training and Quiet Eye training groups. 2 

 3 

Steps Technical training group Quiet Eye training group 

1 
Assume stance and feel the 

weight of the dart. 

Assume stance and ensure you have a clear view 

of the bullseye. 

2 
Slowly pull dart back towards 

your ear by bending your elbow. 
When aiming, fixate your gaze on the bullseye. 

3 

When throwing, keep your 

shoulder still and gently release 

the dart. 

Before performing the action, ensure that your 

fixation is steady on the bullseye (approximately 

between 2 and 3 seconds). 

4 
After releasing the dart, follow-

through with your hand. 

After throwing a dart, maintain your gaze on the 

bullseye for at least 200ms. 

5 Repeat the same process. Repeat the same process. 

 4 

  5 
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Table 2 1 

Mean (cm) Pre-test, Post-test, Transfer Scores, and Totals by Group and Task Difficulty  2 

Group 
Task 

Difficulty 

Pre-test  

(M ± SD) 

Post-test  

(M ± SD) 

Transfer  

(M ± SD) 

Quiet 

Eye Training 

Easy 6.91 (1.86) 4.29 (1.89) 11.22 (4.30) 

Moderate 7.50 (3.33) 5.16 (1.21) 11.37 (5.70) 

Difficult 10.14 (0.92) 6.62 (2.55) 15.76 (6.02) 

Total 8.18 (2.62) 5.36 (2.14) 12.78 (5.66) 

Technical 

Training 

Easy 5.72 (1.82) 4.43 (2.06) 16.20 (4.84) 

Moderate 6.93 (2.88) 6.23 (1.54) 16.05 (4.03) 

Difficult 10.25 (2.51) 9.75 (2.21) 16.24 (3.50) 

Total 7.63 (3.06) 6.80 (2.93) 16.16 (4.04) 

Note. M = mean; SD = standard deviation. 3 

  4 
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