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Abstract: Although some research suggests age-related changes in the visual system 
are inevitable, other work indicates that expert performers in sport are able to 
maintain performance despite increasing age. This study examined aspects of 
skilled perceptual performance among older female experts (n = 6), advanced 
players (n = 7) and novices (n = 10). As expected, there were skill-related 
differences among the groups although analyses of differences in perceptual 
performances between the groups were more mixed. Our results highlight several 
interesting areas for future work including the possibility that age-related changes 
in the performance environment might drive maintenance or decline of skill. This 
research contributes to a surprisingly limited evidence base regarding the influence 
of age on perceptual skill. 
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Even after three decades of research, the mechanisms of expert performance are still 
debated (cf. Ericsson, 2012; Starkes & Deakin, 1984; Tucker & Collins, 2012). In 1984, 
Starkes and Deakin used a computer analogy to distinguish stable qualities such as 
simple reaction time or efficiency of the central nervous system (termed ‘hardware’) 
from capacities that reflect learned skills and the result of practice/experience such as 
pattern recognition and anticipation (termed ‘software’). While some have argued for 
‘hardware’-like qualities (Yarrow, Brown, & Krakauer, 2009), others argue the primacy 
of learning in explaining expert performance (Ericsson, Krampe, & Tesch-Römer, 1993). 
In this study, we focus on skilled performance in the sport of volleyball. While some 
recent studies have shown that experts are superior in executive control tasks and 
visuo-spatial attentional processing (Alves et al., 2013) as well as demonstrating better 
accommodation and saccadic eye movement (Jafarzadehpur, Aazami, & Bolouri, 2007), 
other research in this area (and in time-constrained interactive sports in general) has 
focused on differences in temporal occlusion (Abernethy & Russell, 1987; Williams & 
Davids, 1998) or eye-movements (Helsen & Starkes, 1999; Williams, Davids, Burwitz, & 
Williams, 1994), tasks that more likely reflect learned anticipation and perception 
strategies specifically adapted to the demands of volleyball. Ultimately, it seems 
performance is more complex than the simple hardware versus software dichotomy 
would suggest.  
 

Complicating this issue further, most research in this area has focused on performance 
of young adults with very little work considering the factors contributing to maintaining 
performance as experts age (Baker & Schorer, 2010; Horton, Baker, & Schorer, 2008). 
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The aim of this study was to investigate how perceptual-cognitive skills are affected by 
age. It is well known that ‘hardware’ elements of the perceptual and cognitive systems 
change with age (Andersen, 2012) and many physiological parameters decline with 
age, for example muscle strength (Brach & Schott, 2003), reaction time (Etnier, Sibley, 
Pomeroy, & Kao, 2003), and flexibility (Einkauf, Gohdes, Jensen, & Jewell, 1987). 
Similarly, cortical and sensory factors show age-related decline (Brach & Schott, 2003). 
Given the obvious importance of the visual system in skilled perception, age-related 
changes to this system may have important implications for performance maintenance.  
 
When discussing age-related changes in the visual system it is necessary to differentiate 
between three categories: optic (i.e. ‘hardware’), perceptual, and sensory factors 
(Andersen, 2012). Many factors of the visual system, including visual acuity, contrast 
sensitivity, and brightness of the retina are negatively affected by age (Berke, 2009). 
Different changes in optics influence the visual system and the processing of visual 
stimuli in older aged athletes; for example, pupil diameter decreases with age while the 
blur of the eye increases (Berke, 2009). Furthermore, the size of the visual field and 
brightness sensitivity appear to be important parameters for an optimal visual system 
(Berke, 2009) and, age-related changes to eye-position (i.e., the eye drops deeper into 
the orbit which narrows the visual field) could negatively affect vision in older 
performers. Similar age-related changes in corneal thickness, accommodative focus, 
and lens opacity have been found (Andersen, 2012), which likely have general effects 
on performance of the entire visual system (e.g., visual acuity; Berke, 2009). All of these 
optical changes may negatively affect performance in visually demanding tasks. In fast 
sport situations, for example, it may be more difficult for older performers to identify 
important objects because of losses in contrast and luminance sensitivity.  
 
Although these studies emphasize a predictable decline in general biological and 
physiological parameters with age, research on expertise and aging has shown that 
despite those losses superior skill can be maintained (Baker & Schorer, 2009; Horton et 
al., 2008). Theories of aging and skill retention suggest that aging experts are able to a) 
compensate (Salthouse, 1984) for losses by strategically compensating for a decline in 
one skill area by developing or improving in another area and/or b) optimize their 
performance through attention to deliberate practice (Krampe & Ericsson, 1996). 
Despite the intuitive appeal of both of these approaches, neither has emerged as the 
dominant explanation for the maintenance of skilled performance with age.  
 
Several studies have examined these approaches in sport and/or motor-related tasks. In 
one of the earliest examinations of this phenomenon, Charness (1981) noted that skilled, 
older chess players were able to perform at the same level as younger skilled players 
despite age-related deficiencies in memory ability. He explained these results by 
suggesting that older players compensate for their declining memory by using more 
efficient information processing. More specifically, they perform a more systematic 
search of the problem space and make a better global evaluation of chess positions. 
Similarly, aging typists compensate for losses in reaction time by scanning further 
ahead in the text to be typed, which allows them to begin keystroke preparation earlier 
(Bosman, 1993; Salthouse, 1984). Similarly, Baker, Deakin, Horton, and Pearce (2007) 
examined career performance in professional golfers, highlighting the stability of 
skilled performance over time as well as potential mechanisms of compensation (e.g., 
golfers appeared to compensate for decreased driving distance by driving more 
accurately).   
 
In a study of aging handball goalkeepers, Schorer and Baker (2009) found that elements 
of perceptual skill stayed remarkably stable with age but that motor elements of 
performance declined with age (i.e., older experts compared to younger experts), even 
in the absence of training. A subsequent examination (Fischer et al., 2015) focused on 
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the perceptual phenomenon of ‘Quiet Eye’, which reflects the stability of a performer’s 
gaze during execution of a targeting task (see Vickers, 1996). The authors found that 
skilled performance in a basketball free throw task was retained in older athletes (i.e., 
they maintained their superiority over less skilled players) but, interestingly, 
performance maintenance was not due to the quiet eye, which showed age-related 
changes (i.e., quiet eye duration decreased in older performers). The stability in 
performance coupled with the decline in quiet eye suggests that perceptual processes 
change with age in skilled performers. It is possible these changes reflect the influence 
of compensatory mechanisms in accommodating the age-related changes in the optic 
system described above, but at the very least, these findings highlighted the gaps in 
our understanding of the influence of age on skilled perception.  
 
With these gaps in mind, the focus of this study was to investigate differences in 
performance between female experts, advanced players and novices in older age. As 
suggested in previous research, groups with higher skill level should have better 
prediction scores and fewer fixations compared to groups of lesser skill (Schorer & 
Baker, 2009). We also considered the contribution of different parts of the field of vision 
to anticipation of an opponent’s behavior. On the basis of the results from an earlier 
study on volleyball expertise in current volleyball players (Schorer, Rienhoff, Fischer, & 
Baker, 2013), we anticipated that removal of information would lead to decreases in 
performance. To our knowledge no one has looked at the interaction of field of vision 
and expertise in master athletes; although we assumed an interaction between these 
variables, we could not make a specific prediction and therefore, this analysis was seen 
as exploratory.  

Method 
Participants 

Twenty-three female athletes voluntarily participated in this experiment. The expert 
participants (n = 6) were from the winning team from the German championships of the 
western region. The mean age for this group was 49.5 years, SD = 1.6 and they had 
played volleyball for an average of 31.7 years. The advanced group consisted of 7 
players recruited at the same tournament but placing in last position. This group had a 
mean age of 51.4 years, SD = 2.4 and an average playing career of longer than 30 years 
(M = 33.4 years). The novice group (Nov), age, M = 55.8, SD = 3.9, consisted of 10 
females, some of whom had a basic course in volleyball, but none played regularly. All 
participants provided informed consent prior to data collection and the study was 
conducted in accordance with the ethical principles described in the declaration of 
Helsinki (World-Medical-Association, 2008).  

Materials 

The stimulus materials were taken from a previous study by Schorer et al. (2013). 
Videos made of a third league female volleyball team were used and participants were 
unaware of the skill level of the players. To collect the stimulus videos, a camera was 
placed 10m away from the net in the middle of the field and filmed all six athletes on the 
opposite side. In total 106 videos were reviewed by experts for ecological 
representativeness and eight videos were selected for the test. Each video presented a 
typical volleyball scenario, starting with a serve from a player standing next to the 
camera followed by the receiving team (i.e., the team being recorded) having to pass 
the ball to the setter, who had four different passing opportunities: Position 2, 3, 4 and 
back court. All videos showed the same backfield player attacking the other backcourt 
player. These eight clips were manipulated as described below. A total of 72 videos 
were constructed (2 clips x 4 positions of possible attacks x 3 temporal occlusion 
conditions x 3 spatial occlusions) for this study. The videos were presented in blocks 
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with the spatial occlusion condition (see below) counterbalanced. The temporal 
occlusion conditions were included in the spatial occlusion condition in a randomized 
order.  
 
Spatial occlusion with eye-tracker. The contingent display paradigm was used to occlude 
the videos and with this paradigm we were able to produce three different vision 
conditions by experimentally controlling the visual field. The three different conditions 
were foveal vision only, peripheral vision only and full vision. In the foveal vision only 
condition (FOV) a limited field of vision, representing the foveal vision (circle of 3° of 
visual angle) was presented to the participant. The rest of the video was occluded, thus 
we were able to ensure no information pick up from the periphery. In the second 
condition, we reversed this display. The foveal circle of 3° was occluded and peripheral 
and para-foveal fields of vision (PER) was presented to the participants. Finally, 
participants saw a full video condition without any occlusion. 
 
Temporal occlusion. In the temporal occlusion condition, videos were temporally 
occluded at three (TO 3 = 120ms), five (TO 5 = 200 ms), and seven (TO 7 = 280 ms) 
frames prior to the ball contact from the setter. For determining these time frames, a 
pre-study of four third league volleyball players tested ten different time stamps (nine 
frames before ball contact prior to the hand-ball contact) was conducted. Results of this 
pre-study showed that an occlusion later than TO 3 would have a ceiling effect in the 
prediction; similarly, prediction performance improved above TO 7. Due to these 
findings we decided to use TO 3, TO 5 and TO 7 in this study. 

Apparatus and procedure 

The videos were presented on a 17inch video screen (Fujiyama VisionMaster Pro 510 
with 100 Hz). All participants were positioned in the same experimental setup (50cm in 
front of the screen and the height of the seat was regulated so that the participants’ eyes 
were in the middle of the screen). For investigating the gaze behaviour we used a head-
mounted eye tracking system (Eyelink II). Prior to the start of the experiment a nine-
point calibration and validation was completed. The eye tracker was a binocular system 
with a recording rate of 500Hz and the fixations were recorded with a minimal duration 
of 100ms (e.g., Young & Sheena, 1975). 
 
Participants were asked to predict which position (Position 2, 3, 4 and back field) would 
receive the ball from the attack for each video. The response was given with one of four 
arrow buttons on the keyboard. Prior to the start of the experiment the participants saw 
six examples (different to the used videos in the experiment) to become familiar with 
the experimental setup. After the examples a recalibration was completed to obtain the 
gaze behaviour. 
 
The duration of the test was approximately 15 minutes for each participant: prior to the 
beginning of the experiment participants had a brief information session and after the 
test they completed a questionnaire concerning their age, expertise level, training 
experience, training routines and most important volleyball achievements.  

Statistical analyses 

Dependent variables for this study were number of fixations and percentage of correct 
predictions. We also considered the fixation patterns from the participants as a 
qualitative variable using heat maps to present the location of the fixation in all vision 
conditions. The heat maps showed a fixation map for the participants regarding the 
location and number of fixations in a 2D map highlighted with different colours. The 
fixated areas were coloured from red to green (red was mostly fixated green at least - 
non-fixated areas were not highlighted). The background figure shows the relative 



Maintenance of perceptual cognitive expertise   

 
 

19 

positions of the different players in the used videos (Buscher, Biedert, Heinesch, & 
Dengel, 2010; Cutrell & Guan, 2007; Jay, Stevens, Glencross, Chalmers, & Yang, 2006; 
Schorer et al., 2013). 
 
Analyses of variance (ANOVA) were conducted with expertise and age groups as the 
between subjects factors. Temporal occlusion and spatial occlusion were analyzed as 
within subjects factors. If necessary, Greenhouse-Gaisser corrections were executed 
and the Scheffé-procedure was used for between subject comparisons. Effect sizes were 
calculated with G*Power 3.1.5 (Faul, Erdfelder, Lang, & Buchner, 2007) and for all other 
statistical analyses SPSS 22.0 was used. 

Results 
The results are presented in three parts. First, we present differences in response 
accuracy followed by analyses of number of fixations. Finally, we present the fixation 
patterns.  

Correct predictions 

A three factorial ANOVA with repeated measures revealed significant differences 
between expertise groups, F(2,20) = 8.03, p < .01, f = .90, and between fields of vision, 
F(2,40) = 5.17, p = .01, f = .52. As expected, experts outperformed the advanced players 
and the novices (see Figure 1), but there were only significant differences in the post-
hoc-tests between experts and novices, D = 8.56, p < .01. Also as expected, the best 
performance was revealed in the full vision condition. With peripheral vision, accuracy 
remained almost the same, while in the foveal vision condition the percentage of correct 
predictions decreased (see Figure 2). In contrast to our expectation, no significant 
differences were found between temporal occlusion conditions, F(2,40) = 1.02, p = .37, f 
= .23. As can be seen in Figure 3, the means of the temporal occlusion conditions 
demonstrated the expected order, but differences were small considering the very high 
standard deviations. No interaction between any factors was found: fields of vision by 
expertise Fs(4,40) = 0.43, p = .79, f = .20 , 1-β = .09; temporal occlusion x expertise, 
Fs(4,40) = 1.08, p = .38, f = .33, 1-β = .17; field of vision by temporal occlusion, Fs(4,80) = 
0.91, p = .46, f = .20, 1-β = .09; field of vision by temporal occlusion by expertise, 
Fs(8,80) = 1.41, p = .21, f = .37, 1-β = .14. 

 
Figure 1. Comparison of correct predictions differentiated by varying skills group (in %) 
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Figure 2. Comparison of correct predictions differentiated by varying fields of vision (in %) 

 

 
Figure 3. Comparison of correct predictions differentiated by temporal occlusion conditions (in 
%) 

 
Number of fixations 

An analysis of variance with one between (expertise) and two within factors (fields of 
vision and temporal occlusion) showed significant differences for fields of vision, F(2,40) 
= 6.46, p < .01, f = .56. As can be seen in Figure 4, the highest number of fixations was 
demonstrated by participants in the full vision condition. For both other conditions 
numbers were reduced similarly. There were no significant differences between 
expertise levels, F(2,20) = 1.26, p = .31, f = .35, or between temporal occlusion 
conditions, F(2,40) = 0.81, p = .45, eta = .04, f = .20. Additionally, no interactions were 
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significant: fields of vision by expertise Fs(4,40) = 1.90, p = .13, f = .44, 1-β = .28; 
temporal occlusion x expertise, Fs(4,40) = 0.25, p = .91, f = .18, 1-β = .08; field of vision 
by temporal occlusion, Fs(4,80) = 0.75, p = .56, f = .20, 1-β = .09; field of vision by 
temporal occlusion by expertise, Fs(8,80) = 1.09, p = .38, f = .33, 1-β = .12.  
 
Fixation patterns 
On an exploratory level, the heat maps suggested differences between groups. As can 
be seen in Figure 5, the advanced and expert players showed varying strategies 
between visual conditions. For the foveal and full vision conditions, they demonstrated a 
two ‘hot-point’ strategy with red centers on the setter and the receiver. This strategy 
was only remotely visible for the peripheral vision condition. For the novices, the 
strategy of looking for the setter was not evident. In all three conditions, novices mainly 
looked at the center of the field. In the full vision condition, there was an extension of 
fixations to a spot above the net for all three groups. This is the spot where the served 
ball usually went through.  

 
Figure 4. Comparison of number of fixations differentiated by varying fields of vision 

 

Figure 5. Heat maps of fixations differentiated by skill level and fields of visions 
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Discussion 
Generally, this study examined three objectives. First, we considered prediction 
differences between varying skill levels of older aged volleyball players. Second, we 
investigated the contribution of different parts of the field of vision on the anticipation of 
the opponents’ behavior. Finally, we explored the interaction of those two factors. 
Below we discuss these objectives in turn.  
 
Concerning the expertise effects between the three skill levels, we expected 
differences in the percentage of correct predictions (Ericsson & Williams, 2007; Gilis, 
Helsen, Catteeuw, & Wagernans, 2008; Williams & Abernethy, 2012) as well as 
differences in the number of fixations (Williams & Davids, 1998). We found a large effect 
for correct predictions (f = .90) with post-hoc tests showing differences between experts 
and novices, but not between advanced players and the other groups. Previous 
research with active female players has demonstrated significant differences between 
all three groups, but in this study the expertise effect (f = 1.13) was considerable bigger 
(Schorer et al., 2013).  
 
Contrary to our hypothesis, there were no significant differences for number of fixations 
between expertise groups. Previous research with older experts by Schorer and Baker 
(2009) also showed no differences in number of fixations between adults and seniors in 
handball goalkeeping and Schorer et al. (2013) found only slight differences in number 
of fixations between skill groups in the same volleyball task with young adults. 
Together, those findings indicate that number of fixations might not be a distinguishing 
characteristic for older experts in volleyball. This might be partly explained by the 
affordances of the task presented here, in which a ‘logical’ sequence of fixations would 
be from the receiver to the setter of the opposing team. This is partly supported by the 
heat maps, where all groups show very similar areas of fixations (as can be seen in 
Figure 5). Additionally, our use of spatial occlusion might explain part of this finding if 
this resulted in a disturbance of the structure of presented stimuli. While the heat maps 
do not suggest this (because they look very similar between conditions), the influence 
of the spatial occlusion task should be explored in further work. For instance, future 
studies should consider programming an occlusion technique that erases the occluded 
area with background instead of a black occlusion (cf. Müller, Abernethy, & Farrow, 
2006).  Alternatively, the lack of differences in fixations might simply reflect an age-
related loss in this element of expertise. Future research should investigate this 
question using tasks in which the afforded sequences of fixations are less determined 
than in our task.  
 
Our second aim was to investigate the contribution of varying fields of vision for the 
anticipation of an opponent’s behavior. Here similar lines of results were observed for 
correct predictions as well as number of fixations. For both dependent variables we 
found significant differences between field of vision conditions: the full vision condition 
was always solved best, while the foveal vision condition was performed worst. 
Additionally, fields of vision did not interact with expertise in this study. This is in 
contrast to a previous study on younger players, in which the interaction of expertise 
and field of vision was significant and the foveal vision condition was performed better 
than the peripheral vision condition in experts but not in novices (Schorer et al., 2013). 
One interpretation of these results is that in older volleyball players, foveal information 
(mainly from the setter) is less important than peripheral information (including most 
other players). Initially, this seems counterintuitive because the person often 
orchestrating the play is the setter; however, the results from the temporal occlusion 
task might support this hypothesis. As mentioned above, most studies show that 
occluding vision at earlier stages results in progressively worse effects on prediction 
accuracy (Baker, Farrow, Elliott, & Anderson, 2009; Farrow, Abernethy, & Jackson, 2005; 
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Hagemann, Schorer, Cañal-Bruland, Lotz, & Strauß, 2010; Mann, Abernethy, & Farrow, 
2010; Müller, Abernethy, Eid, McBean, & Rose, 2010). This was not the case in our study. 
While the line of results of the means of the three conditions demonstrated the 
hypothesized direction the variance around them was large. If one assumes that 
temporal affordances in senior volleyball play less of a role than in junior volleyball, 
presumably because the game itself gets slower with age, then temporal constraints 
might not apply for older players as they do for younger ones. Currently, we are aware 
of no study investigating the temporal constraints of the game in different age groups, 
but anecdotal evidence from coaches we have interacted with makes this assumption 
seem reasonable. This would seem especially interesting in the light of the 
compensation hypothesis (Baker et al., 2007; Charness, 1981; Salthouse, 1984; Schorer & 
Baker, 2009), which predicts adaptations in one component of skill to losses in another 
as the result of continued training in a constantly demanding environment. In our case 
with continued training, the changing environment and its resultant less demanding 
constraints might lead to a loss of skill. This adaptation would seem logical because 
skills are ultimately adaptations to the highly specific demands of the performance 
environment and as this environment changes the skills required should also change.  
To test this assumption and this adaptation hypothesis, future studies should account for 
the temporal requirements of varying age groups.  
 
This study adds to a surprisingly limited literature regarding how skilled perception 
changes with age. Ultimately, our results lead to more questions than answers and 
provide several interesting avenues for further work. However, given the importance of 
skill maintenance and age, greater attention to this area would be worthwhile.  
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