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Abstract 

Nested affordances in climbing comprise of multiple sequential actions, encompassing more 

than isolated reaching and grasping. This study examined the extent to which the perception 

of (multiple) nested affordances in climbing can be understood relative to body-scaled 

anthropometrics (arm span) and action-scaled (maximal action capabilities) measures, in 

relation to sequential task-goals of varying complexity. The utilisation of functionally 

equivalent actions during the actualisation of nested affordances was also investigated. 

Participants were required to estimate the maximal distance a handhold could be reached in 

four conditions of varying complexity: nested affordances (reach to Touch; reach to Grasp) 

vs. multiple nested affordances (reach to grasp with one hand followed by Removing the other 

hand from the starting handhold; reach to grasp with one hand followed by Moving up to 

another handhold). Ten expert climbers first had to estimate their maximal reaching distance 

in these different conditions (Touch, Grasp, Remove, Move Up) before performing the 

climbing movement. This sequence of estimation-action was repeated four times in each 

condition. Results revealed that action-scaling measures better captured nested affordances 

when multiple sequential behaviours are nested than body-scaled measures. Our findings also 

suggest that expert climbers utilise functionally equivalent movements during the realisation 

of multiple nested affordances (Remove and Move Up conditions). 
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Introduction 

The origins of a number of contemporary embodied cognitive science perspectives 

(Chemero, 2009; Richardson, Shockley, Fajen, Riley, & Turvey, 2008; Stoffregen, 2003; 

Wagman & Blau, 2020) are rooted in Gibson’s ecological approach (1979). One aspect of 

Gibson’s ecological approach that has received much research focus is his theory of 

affordances, whereby affordances reflect the perception of opportunities for action that the 

environment offers an agent relative to her or his abilities (Gibson, 1979). For example, 

Warren (1984) found that the maximum riser height of a step that was perceived to be 

climbable was 0.88 times leg length and that this ratio was invariant between tall and short 

adults. Further to the seminal work of Warren, the study of body-scaled affordances has been 

shown to form the basis of a range behaviours, including reaching (Carello, Grosofsky, 

Reichel, Solomon, & Turvey, 1989), sitting (Mark, Balliett, Craver, Douglas, & Fox, 1990) 

and aperture perception (Warren & Whang, 1987). 

Despite the body of evidence suggesting that affordance perception can be captured 

through body-scaling measures (e.g., arm length), some researchers have proposed that 

action-scaling measures (e.g., action capabilities) might offer a more appropriate approach for 

studying the control of skilled action (Fajen, 2005). For instance, Konczak, Meeuwsen, and 

Cress, (1992) demonstrated that affordance perception for step height could be best explained 

as scaling relative to leg flexibility and strength (i.e., action-scaled) rather than leg length (i.e. 

body-scaled).  In the case of climbing, it has been proposed that expertise can be understood 

as relational fit between the properties of the climbing surface (e.g., holds for the hands and 

feet), and an agent’s abilities, which guide his or her reaching, grasping and use of the holds 

(Orth, Davids, & Seifert, 2016; Seifert et al., 2018). ‘Climb-abilities’ such as reaching, 

grasping and using a hold to move up might be body-scaled to some measurable dimension of 

the agent’s body, such as height, arm span and leg length. However, climbing requires the 



coordination of limbs to maintain the balance and the control of body weight against gravity 

(Bourdin, Teasdale, & Nougier, 1998; Bourdin, Teasdale, Nougier, Bard, & Fleury, 1999; 

Nougier, Orliaguet, & Martin, 1993). Thus, affordance perception during climbing might be 

principally considered as action-scaled, as additional biomechanical constraints like strength, 

limb mobility, and joint flexibility are also necessary facets of ‘climb-ability’ (Sanchez, 

Torregrossa, Woodman, Jones, & Llewellyn, 2019; Seifert, Wolf, & Schweizer, 2016).  

Findings from reaching and grasping experiments have indicated that affordances may 

be better explained through the use of action-scaling measures (Pepping & Li, 2000; Wagman 

& Morgan, 2010). This appears to be particularly pertinent when reaching is goal-orientated 

and combines nested actions, such as reach to touch, reach to grasp, jump to reach (Pepping & 

Li, 2008; Ramenzoni, Davis, Riley, & Shockley, 2010; Wagman, Cialdella, & Stoffregen, 

2019), and reach to climb (Pijpers, Oudejans, & Bakker, 2007; Croft, Pepping, Button, & 

Chow, 2018; Pijpers, Oudejans, Bakker, & Beek, 2006). However, in the specific case of 

climbing, findings from Croft et al., (2018) indicate that the explanatory value of body and 

action scaling measures may be dependent on the complexity of the environmental context. In 

their experiment, Croft and colleagues designed an experiment where children were required 

to perceive the maximal reaching distance of a handhold that was located horizontally, 

diagonally or vertically to the body. Croft et al., (2018) observed that children tended to 

underestimate their reaching distance in the horizontal and diagonal conditions. In contrast, 

there was only a very slight overestimation in the overhead reaching condition. One 

interpretation of these results is that horizontal and diagonal climbing actions are likely to be 

less familiar to children in comparison to vertical reaching actions, subsequently resulting in 

the differences in affordance perception between conditions (Croft et al., 2018). 

Subsequently, it could be hypothesised that less complex reaching affordances (e.g. reaching 

a hold above the head) might be adequately explained by body-scaling measures whereas 



more complex reaching affordances, such as multiple nested affordances (e.g. reach to grasp, 

then to move up), might be better captured through the use of action-scaling measures. 

Therefore, it would be crucial to examine whether affordances of low complexity could be 

adequately captured through body-scaling metrics (i.e., arm span) while affordances of higher 

complexity necessitate explanation through scaling to action capabilities. 

Nested Affordances 

Contemporary perspectives have proposed that the realisation of many facets of skilful 

action, necessitate the perception of nested affordances (Kimmel & Rogler, 2018; Kiverstein 

& Rietveld, 2018; Wagman, Caputo, & Stoffregen, 2016). According to Wagman et al., 

(2016), nested affordances refer to the multiple affordances that exist in any given situation, 

and our consequent obligation to choose among them. That is, given that affordances reflect 

the relational nature of many properties of animals and the many properties of environments, 

affordances are proposed to be nested in the context of other affordances (Wagman & 

Stoffregen, 2020). Wagman et al., (2016) stated that the nesting of affordances is not temporal 

or sequential, as a sequence emerges from the selection of a superordinate affordance, 

defining a subordinate/superordinate relationship between affordances. The idea that 

affordances can be nested within each other implies that an individual affordance may be 

superordinate to other affordances and, therefore, that some affordances will be subordinate to 

others (Wagman & Stoffregen, 2020). For example, a climber could reach and touch a 

handhold (i.e. subordinate affordances) but then fail to grasp and use the handhold to move 

towards another handhold (i.e., superordinate affordances), as he or she may not have the 

required abilities to do so. Previous research examining perception of affordances in climbing 

suggested that expert climbers were able to perceive nested affordances as they exploited 

‘functional’ features of climbing holds that subsequently led to the chaining of actions 

(Boschker, Bakker, & Michaels, 2002; Pezzulo, Barca, Lamberti Bocconi, & Borghi, 2010; 



Seifert, Cordier, Orth, Courtine, & Croft, 2017). Such suggestion is supported by research 

evidence, which has found that the orientation of different handholds - horizontal, vertical or 

dual-grasping (handholds where both the horizontal edge or the vertical edge can be grasped) 

- can invite different grasping patterns and body positions (face-on vs. side-on to the climbing 

wall) (Seifert, Boulanger, Orth, & Davids, 2015) as well as variations in exploratory activity 

during learning (Orth, Davids, & Seifert, 2018; Seifert et al., 2018).  

 In the case of skilled action during climbing, performers are required to 

simultaneously reach a handhold with one hand whilst they control their body weight against 

gravity, reflecting an example of class of affordances referred to as supra-postural (Stoffregen 

et al., 1999). However, nested affordances in climbing require more than supra-postural 

control, as reaching and grasping are followed by the performance of subsequent chaining 

actions (e.g. removing the hand, and then moving up to another handhold) (Haddad, Van 

Emmerik, Wheat, & Hamill, 2008). Indeed, a climber has to perceive affordances for the 

reachability of a handhold, as well as the handhold’s grasp-ability and use-ability, in order to 

move the body towards another handhold. According to Mark et al., (2015), these nested 

behaviours vary in complexity, depending on whether they occur sequentially (e.g., reach then 

grasp), simultaneously (e.g., grasping a handhold whilst transferring body weight) or in 

parallel (e.g., two hands grasping a handhold or different handhold at the same time, called 

‘dynamic move’). Thus, our current study proposes to manipulate the complexity of nested 

affordances by comparing reaching tasks with two nested affordances (e.g. reach to Touch a 

handhold; reach to Grasp a handhold) with more than two nested affordances (e.g. reach to 

grasp a handhold with one hand before Removing the other hand from the starting handhold; 

reach to grasp a handhold with one hand, before Moving up to grasp another handhold). More 

than two nested affordances would require multiple actions that necessitate temporal 

sequencing and coordination between the limbs of the body (Seifert, Orth, Mantel, Boulanger, 



Hérault, et al., 2018).  

Functional Equivalence 

During the actualization of nested affordances, different coordinative structures may 

be utilised in order to exploit the features of the environment. Such suggestion aligns with the 

perspective of Wagman and colleagues (Wagman et al., 2016; Wagman & Morgan, 2010) 

who have reported that nested affordances during reaching and grasping can be actualized in 

functionally equivalent ways. In a vertical reaching task, Wagman and Morgan (2010) 

reported that standing on a stool and grasping a hand-held object increased the maximum 

perceived vertical reaching height, and this was achieved through different means. The 

findings of functional equivalence in the study of Wagman and Morgan (2010) are 

complemented by an extensive body of neuroscience (Edelman & Gally, 2001; Price & 

Friston, 2002; Whitacre & Bender, 2010) and motor control literature (Kelso, 2012; Newell, 

Liu, & Mayer-Kress, 2005; Seifert, Komar, Araújo, & Davids, 2016) highlighting the 

significance of degeneracy – many-to-one structure-function relations – as being a hallmark 

of skilled behaviour. Degeneracy and functional equivalence also appear to be very similar to 

the concept of equifinality (Turvey, 2007). For instance, in ice climbing, elite climbers 

exhibited degeneracy of the perceptual-motor system through the alternation of different 

coordination patterns (i.e., symmetric vs. asymmetric) and different actions (i.e. swinging vs. 

hooking) when anchoring the blade of their ice axes when climbing an icefall (Seifert et al., 

2014). 

The current study 

Evidence has demonstrated that affordance perception can be captured through body-

scaling (e.g., Carello et al., 1989; Mark, Balliet, Craver, Douglas, & Fox, 1990; Warren, 

1984; Warren & Whang, 1987), and action-scaling measures (e.g., Fajen et al., 2009; Kimmel 



& Rogler, 2018; Konczak, Meeuwsen, & Cress, 1992; Wagman & Morgan, 2010). However, 

it remains unclear how body- and action-scaling measures explain the perception of nested 

affordances in the case of skilful actions. Subsequently, the primary aim of the current study 

was to examine the scaling of nested affordances relative to body-scaled (i.e., arm span) and 

action-scaled (i.e., maximal action capabilities) measures of expert climbers. We investigated 

the perception of nested affordances between conditions of varying complexity. The 

complexity of nested affordances was manipulated by comparing reaching conditions with 

two nested affordances (Condition 1: reach to Touch a handhold; and Condition 2: reach to 

Grasp a handhold) with more than two nested affordances (Condition 3: reach to grasp a 

handhold with one hand before Removing the other hand from the starting handhold; and 

Condition 4: reach to grasp a handhold with one hand, before Moving up to grasp another 

handhold). Therefore, the second aim of our study was to investigate the extent that 

functionally equivalent behaviours are likely to emerge in tasks involving more than two 

nested affordances, as a greater range of actions might be possible.  

We hypothesised that estimated maximal reaching distance to the handhold are less 

scalable to arm span in tasks involving more than two nested affordances (Conditions 3 and 4) 

in comparison with conditions comprising two nested affordances (Conditions 1 and 2). 

Moreover, we expected lower estimated and actual maximal reaching distances in more than 

two nested affordances. However, when estimated maximal reaching distances are scaled to 

maximal action capability (i.e., actual maximal reaching distance), we expect that expert 

climbers will be attuned to and, therefore act near to their maximal action capability, 

irrespective of the four conditions. Specific to Conditions 3 and 4, as they comprise more than 

two nested affordances, we hypothesise that climbers will exhibit functional equivalence to 

perform the task in comparison to tasks involving only two nested affordances (Conditions 1 

and 2).  



 

Method 

Participants. Ten male climbers (age: M = 29.6 years, SD = 4.7 years; height: M = 176.9 cm, 

SD = 4.7 cm; arm span: M = 182.3 cm, SD = 6.5 cm; arm length: M = 74.7 cm, SD = 3.8 cm 

leg length: M = 99.3 cm, SD = 6.9 cm; weight: M = 69.6 kg, SD = 6.3 kg) voluntary 

participated in the study. A priori power analysis using G*Power (3.1.9.6, 2020. 

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-

arbeitspsychologie/gpower.html) and following the recommendation of Faul, Erdfelder, Lang, 

and Buchner, (2007) with effect size = .5 (corresponding to large effect size according to 

Cohen, 1988), α = .05, power = .8, for a one-way within-factor (4 repeated measures) 

ANOVA, indicated a total sample size of n = 7, which approximately corresponds with the 

number of participants in the present experiment. Participants practiced indoor climbing for M 

= 7.7 hours per week, SD = 3.2 and for M = 11.2 years, SD = 3.6 and had a climbing ability of 

between 6c+ and 7b when lead climbing on-sight (i.e., with no prior knowledge of the route) 

and a climbing ability of between 7a and 8a when bouldering on-sight on the (French Rating 

Scale of Difficulty: Delignières, Famose, Thépeaut-Mathieu, & Fleurance, 1993), which 

represents an ‘advanced’ to ‘elite’ level of performance (Draper et al., 2011), that we called 

‘expert’ level. The climbers trained indoor (vs. outside): M = 76.5 %, SD = 19.9 %, and in 

bouldering (vs. lead climbing) M = 63.5 %, SD = 27.8 %. All participants gave their written 

informed consent prior to taking part in the experiment. The protocol was approved by the 

ETH Zurich Institutional Review Board (ID: ETH 2017-N-48) in accordance with the 

Declaration of Helsinki.  

 

Procedure. Prior to the experiment, participants undertook a self-regulated warm-up on a 

bouldering climbing wall that was positioned next to the experimental setup. The protocol 

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html


comprised of four different experimental conditions: (1) Touch (Figure 1); (2) Grasp; (3) 

Remove (Figure 1); and (4) Move Up. The four conditions, together with the instructions 

given to participants for each condition, are listed in Table 1. The first three conditions 

comprised of two phases. First, during an estimation phase, the participant adopted a 

standardised starting position, which consisted of grasping the handhold with both hands, 

arms extended, and both feet on the foothold (Figure 1). Once the participant was in the start 

position, an experimenter moved the handhold along a slide until the participant indicated the 

estimated maximal reaching distance to the handhold for each respective trial (Table 1). Once 

the estimation had been made, the participant climbed down from the wall and had a short rest 

period while the handhold was fixed in place. Thereafter, the participant was required to act in 

order to examine whether they were able to perform the estimated action after they had 

returned back to the start position. This sequence, estimation followed by action, was repeated 

for four trials in each condition. In the Move Up condition, the moveable handhold and 

foothold were initially fixed in the configuration as outlined in Figure 1. This position ensured 

that the handhold and foothold were aligned, in order to support a maximal climbing height. 

The procedure for the Move Up condition followed a slightly different protocol. First, 

participants were asked to grasp the highest handhold possible on the wooden board (actual 

maximal Move Up, see Table 1). Following the establishment of the participant’s maximal 

handhold height, the same estimation followed by action sequence was carried out as in the 

other experimental conditions. The target handhold on the wooden panel was set at one 

position below the highest handhold and the foothold was then aligned to the moved handhold 

before the participant attempted to complete the action component of this condition (Figure 

1). 

 

--- Insert Figure 1 and Table 1 about here --- 



 

The wall was inclined by 10° from the vertical, to ensure that the protocol was 

conducted on a slightly overhanging wall, which reduced any possibility that the participant 

could collide with a handhold (or cable) should they fall. The starting handhold had a large 

undercut, which could be easily grasped by both hands and the starting foothold was of a 

round shape. The handhold that could be moved was a crimp (this ensured that at least, the 

first phalanx of each finger could be placed on it), the additional foothold was similar in shape 

to the first foothold. A familiarisation with the starting handhold was allowed before starting 

the protocol.  

Two different orders of the conditions were applied (randomised but counterbalanced 

assignment). Half of the participants were assigned to the Touch – Move Up – Grasp -Remove 

order, the other half to the Grasp – Remove - Move Up – Touch order. In total, each 

participant performed 16 estimations and 20 actions plus the additional actions to determine 

the actual maximal reaching distance (i.e. the maximal action capability), as described below. 

The resting time allowed between estimation and action was 1 minute, whilst the resting time 

between action and the next estimation condition was 4 minutes. There was no additional 

resting time between a block of conditions. During the 4 minutes resting, the climbers turned 

their back to the climbing wall and participated in a distraction task (i.e., they played a video 

game to encourage them not to think about the climbing task). The total time for each 

participant to complete the entire protocol did not exceed 2 hours, which corresponds to the 

mean climbing time of a training session. 

 

Assessment of Actual Maximal Action Capabilities. A further test of the participant’s actual 

maximal action capability was carried out for each condition once the sequence of trials in 

this condition had been completed. Starting with the maximal reached distance, the distance 



of the handhold from the participant was increased incrementally by a magnitude of 4 %. This 

procedure was repeated until the participant was no longer able to complete the action for a 

given condition; when the participant was not able to achieve the distance, the failed distance 

was decreased by a magnitude of 2 %. In the case that the participant was then able to achieve 

this distance, this was established as the maximum. If this was not reached then the prior 

reached distance was the maximum. The participant was required to reach the handhold 

following the action description outlined in Table 1. 

 

Data collection. The distance the handhold was moved on the slide was recorded by a tape 

measure. Success and failure were categorised during data collection and later confirmed 

using footage recorded at 100 Hz. Instrumentation of the hold was fixed to a sledge, which 

was movable only along the bar (due to T-section).  

Data analysis and statistics. The task was achieved successfully when the handhold was 

touched (for Touch condition) or grasped (for other conditions) with four fingers for 3 

seconds. The estimation of maximal reaching distance was scaled to actual maximal reaching 

distance (action-scaling) and arm span (body-scaling). A value of 1 would indicate that the 

estimation equated exactly to the respective body- or action-scaled property of the climber. A 

value greater than 1 would indicate an overestimation, which resulted in a fail. A value 

smaller than 1 would indicate an underestimation. The ratios were computed on the mean of 

the successful trials as well as the best successful trial (i.e. without falling) in each condition. 

Investigation of the outcome on the best successful trial in particular enabled understanding of 

how close the climbers acted near to their perceived affordance boundary. We also computed 

ratios for the highest over-estimation and the lowest under-estimation to assess the range 

within which climbers estimated their maximal reaching distance. In addition, Pearson 



correlation coefficients and linear regression between arm span and maximum distance 

reached, were calculated for each condition.  

 Functional equivalence was investigated by examining the behavioural patterns in 

Remove and Move Up conditions (in the four estimated trials and trials dedicated to the 

assessment of the actual maximal reaching distance), which comprised multiple sequential 

nested affordances. In the Remove condition, three patterns were expected from pilot testing: 

(1) ‘Friction’ pattern corresponding to removing the right hand from the starting hold, while 

the right foot was kept on the starting hold and friction between the left foot and the wall was 

utilised to support the climber; (2) ‘Air’ pattern corresponding to removing the right hand 

from the starting hold, while the right foot was kept on the starting hold, the right knee was 

flexed, whilst the body is lowered and the left foot touches the wall, albeit with insufficient 

friction to support the climber; (3) ‘Start’ pattern corresponding to removing the right hand 

from the starting hold, while the left foot is kept on the starting hold and the right foot applies 

friction on the wall or, alternatively, the right foot joined left foot on the starting hold.  

 In the Move Up condition, five patterns were expected from pilot testing: (1) ‘Hand & 

face-on’ pattern corresponding to moving the left hand, before keeping the body face-on to 

the wall; (2) ‘Foot & face-on’ pattern corresponding to moving the left foot, before keeping 

the body face-on to the wall; (3) ‘Hand & face-on to side-on’ pattern corresponding to 

moving the left hand before the left foot, all whilst remaining face-on to the wall. The climber 

then switches from left to right foot support and becomes side-on to the wall; (4) ‘Foot & 

face-on to side-on’ pattern corresponding to moving the left foot first, then the left hand, 

whilst in a face-on body position to the wall. Then, the climber switches from left to right foot 

support, becoming side-on to the wall; and (5) ‘Hand & side-on’ pattern corresponding to 

moving the left hand first, before twisting the body by moving the right foot, resulting in a 

body position that is side-on to the wall. 



One-way repeated measure ANOVAs (task: Touch, Grasp, Remove, Move Up) were 

performed to test the effect of task complexity on performance outcome (success vs. fail), 

actual maximal reaching distance, mean distances and highest distances reached without 

failing, mean and highest successful estimated reaching distance when either scaled to actual 

maximal reaching distance or to arm span, highest overestimation and lowest underestimation 

of reaching distance when scaled to actual maximal reaching distance. Sphericity in the 

repeated measures design was verified with the Mauchly test (Winter, Eston, & Lamb, 2001). 

When the assumption of sphericity was not met, the significance levels of F-ratios were 

adjusted according to the Greenhouse-Geisser procedure. Last, post-hoc pairwise comparison 

tests were applied and family-wise error rate was controlled by applying a Bonferroni 

correction of the p-value (Howell, 2002). Partial eta squared (ηP
2) statistics were calculated as 

an indicator of effect size, considering that ηP
2 < .3 represents a small effect, .3 < ηP

2 < .5 

represents a medium effect and ηP
2 > .5 represents a large effect (Cohen, 1988). All tests were 

performed using IBM SPSS Statistics 20.0 (1989-2011), with a level of statistical significance 

fixed at p < .05.  

 

Results 

Performance outcome (success vs. fall). Inclusive of all experimental conditions, 35 falls 

occurred across a total of 160 trials (i.e., 21.9%). Climbers exhibited eight falls in the Touch 

condition, seven falls in the Grasp condition, ten falls in the Remove condition, and ten falls 

in Move Up condition. There was no significant difference between the number of falls in 

each condition (F(3,27) = 0.67, p =.58). 

 

Actual maximal action capabilities. The one-way repeated measure ANOVA revealed 

significant differences of maximal reaching distance between conditions (F(3,27) = 18.49, p < 



.001, ηP
2 = .67, β = 1). Pairwise test with Bonferroni corrections revealed that greater actual 

maximal reaching distance was in the Touch (M = 167.9 cm, SD = 3.9 cm) (p = .001), Grasp 

(M = 171.7 cm, SD = 5.9 cm)  (p = .003) and Move Up (M = 164.9 cm, SD = 7.3 cm)  (p = 

.002) conditions in comparison with the Remove condition (M = 155.2 cm, SD = 7.6 cm). 

Actual maximal reaching distance only correlated to arm span in the grasp condition (Table 2) 

and zero was not included in the 95% confidence interval for the slope of a linear fit (Figure 

2). 

--- Insert Table 2 and Figure 2 about here --- 

 

Reached distances and affordances scaled to arm span and to actual maximal action 

capabilities. The mean distance the hold was moved during participant estimations prior to 

successful trials in each condition was compared using one-way repeated measure ANOVA, 

which revealed significant differences of reached distance between conditions (F(3,27) = 

13.76, p = .001, ηP
2 = .61, β = 1). Pairwise test with Bonferroni corrections revealed that the 

greater distances were reached in the Touch (M = 158.4 cm, SD = 5.7 cm)  (p < .001), Grasp 

(M = 157.6 cm, SD = 6.4 cm) (p = .001) and the Move Up (M = 155.1 cm, SD = 10.3 cm) (p = 

.004) conditions in comparison to the Remove condition (M = 143.4 cm, SD = 5.7 cm).  

When the mean distance the hold was moved on estimated trials was scaled to arm 

span, the one-way repeated measure ANOVA revealed a significant effect of the conditions 

(F(3,27) = 14.02, p < .001, ηP
2 = .61, β = 1). Pairwise test with Bonferroni corrections revealed 

body-scaled ratios in the Remove condition were lower than in the Touch (p < .001), Grasp (p 

= .001) and Move Up (p = .004) conditions (F(3,7) = 27.09, p < .001, ηP
2 = .92, β = 1) (Table 

3). However, there were no significant differences between conditions when the distance the 

hold was moved during estimated trials were scaled to actual maximal reaching distance 

(Table 3). 



--- Insert Table 3 about here --- 

 

When the best successful trial was considered, the one-way repeated measure 

ANOVA also revealed significant differences of reached distances between conditions 

(F(3,27) = 13.65, p < .001, ηP
2 = .60, β = .99). Pairwise tests with Bonferroni corrections 

revealed that greater distances were reached in Touch (M = 165.7 cm, SD = 3.6 cm)  (p < 

.001), Grasp (M = 167.6 cm, SD = 8.4 cm)  (p = .002) and Move Up (M = 162.1 cm, SD = 9.4 

cm)  (p = .026) conditions than in the Remove condition (M = 151.5 cm, SD = 6.7 cm). When 

estimated maximal reaching distance was scaled to arm span, the one-way repeated measures 

ANOVA revealed a significant effect of climbing condition (F(3,27) = 13.85, p < .001, ηP
2 = 

.61, β = 1). Pairwise tests with Bonferroni corrections showed decreased estimation accuracy 

in the Remove condition compared to the Touch (p < .001), Grasp (p = .002), and Move Up (p 

= .019) conditions (F(3,7) = 17.94, p = .001, ηP
2 = .88, β = .99) (Table 4). However, no 

significant differences were found between the four conditions when estimated maximal 

reaching distance were scaled to actual maximal reaching distance (Table 4). 

--- Insert Table 4 about here --- 

 

Over- and under-estimation of distance and estimated maximal reaching distance. When 

the trial with the highest overestimation was considered, the one-way repeated measure 

ANOVA revealed significant differences of reached distance between conditions (F(3,27) = 

12.05, p < .001, ηP
2 = .57, β = .99). Pairwise test with Bonferroni corrections revealed greater 

overestimation in Touch (M = 169.3 cm, SD = 6.5 cm) (p < .001) and Grasp (M = 172.4 cm, 

SD = 7.4 cm) (p = .001) conditions than in the Remove condition (M = 156.9 cm, SD = 10.8 

cm) (F(3,7) = 15.32, p = .002, ηP
2 = .86, β = .99). When affordances were scaled to maximal 

action capabilities, the ratio between estimated and actual maximal reaching distance was 

equal or greater than 1 for all conditions and there was no significant effect of climbing 



condition, confirming that experts overestimated their possibilities of action at least for one 

trial (Table 5). 

When the trial with the lowest underestimation was considered, the one-way repeated 

measure ANOVA revealed significant differences of reached distance between conditions 

(F(3,27) = 6.69, p = .002, ηP
2 = .43, β = .95). Pairwise test with Bonferroni corrections 

revealed that reached distances were further underestimated in the Remove condition (M = 

132.1 cm, SD = 10.3 cm) than in Touch (M = 149.6 cm, SD = 10.4 cm) (p < .001) and Move 

Up (M = 146.6 cm, SD = 11.9 cm) (p = .001) conditions (F(3,7) = 6.0, p = .024, ηP
2 = .72, β = 

.77). When affordances were scaled to actual maximal reaching distance, there was no 

significant effect of condition (Table 5). 

--- Insert Table 5 about here --- 

 

Behavioural patterns in Multiple Sequential Nested Affordances. In the Remove 

condition, seven participants used the ‘Friction’ pattern 100 % of the time, one participant 

used the ‘Air’ pattern 100 % of the time, one participant used the ‘Air’ pattern 20 % of the 

time and the ‘Friction’ pattern 80 % of the time, and one participant used the ‘Start’ pattern 20 

% of the time and the ‘Friction’ pattern 80 % of the time (for the different patterns, see Figure 

3). The ‘Friction’ pattern meant that force was directly applied onto the climbing wall with 

the foot rather than looking for a support on the foothold. ‘Air’ pattern meant that the 

climbers did not touch the wall with their foot.  

--- Insert Figure 3 about here --- 

 

In the Move Up condition, four participants used the ‘Hand & face-on’ pattern 100 % 

of the time, two participants used the ‘Hand & face-on to side-on’ pattern 100 % of the time, 

and the four remaining participants used a mixture of different patterns: two participants 



started with the ‘Hand & face-on to side-on’ pattern (50 % of the time) and then switched to 

the ‘Hand & side-on ’ pattern (50 % of the time); two participants started with the ‘Hand & 

face-on’ pattern (10 to 80 % of the time) and then switched to the ‘Foot & face-on’ pattern 

(20 to 90 % of the time); one participant started with the ‘Hand & face-on to side-on’ pattern 

(20 % of time), then the ‘Hand & side-on’ pattern (70 % of the time) and finally switched to 

the ‘Foot & face-on to side-on’ pattern (10 % of time) (for the different patterns, see Figure 

4).  

--- Insert Figure 4 about here --- 

 

Discussion 

The primary aim of the current study was to examine the scaling of nested affordances 

relative to body-scaled (i.e., arm span) and action-scaled (i.e., action capabilities) measures of 

expert climbers. Our results showed that when scaled to maximal action capabilities, expert 

climbers accurately estimated and acted near their actual maximal reaching distance in all 

conditions. In contrast, when estimated maximal reaching distance was scaled to arm span, 

lower ratios were found for the Remove condition in comparison to the other conditions, and a 

correlation was only found between actual maximal reaching distance and arm span for the 

Grasp condition. In the Move Up condition, participants exhibited similar actual maximal 

reaching distance to the Touch (Condition 1) and Grasp (Condition 2) conditions, while 

actual maximal reaching distances were lower in the Remove condition.  

The secondary aim was to examine the utilisation of functionally equivalent actions 

during the actualisation of nested affordances. We hypothesised that functionally equivalent 

actions would occur when expert climbers actualised conditions that comprised more than 

two nested affordances (i.e., Condition 3: Remove and Condition 4: Move Up). The findings 

confirmed that expert climbers used multiple perceptual-motor solutions to achieve the task, 



supporting the proposal that they exploited degeneracy of the perception – action system.  

 

Estimations of maximal reaching distance relative to body- and action-scaled measures. 

When data were considered on the mean of the successful trials, on the best trial, and when 

over- and under-estimation were considered, the findings were similar. That is, the Remove 

condition exhibited the lowest estimated and actual maximal reaching distance to the 

handhold, and the lowest estimated maximal distance to the handhold when scaled to arm 

span. In comparison to Touch and Grasp conditions, which comprised two nested affordances, 

where reaching the handhold was the end goal, the Remove condition comprised more than 

two nested affordances as the estimation of the maximal distance for grasping the handhold 

with the left hand was not the end of the task, but this was followed by removing the right 

hand from the starting handhold. Considering also that arm span correlated with actual 

maximal distance only in the Grasp condition, it appears that in more than two nested 

affordances (Remove and Move Up conditions), estimated reaching distance to the handhold 

were better explained when action-scaled than body-scaled (Pepping & Li, 2000). Indeed, the 

Remove condition required a complex contralateral movement, as the climbers had to spread 

the forces between the left hand and the right foot, and control the balance of their body by 

applying friction with their left foot on the wall, in order to counter-balance the twist of the 

trunk (Figure 3). Conversely, in the case of two nested affordances (Touch and Grasp 

conditions), scaling estimated maximal reaching distance to arm span appears to be sufficient. 

However, the muscular effort for postural stability should also be taken into account. The 

final pose in the Grasp condition was based on a three-limb support whereas the final pose in 

the Touch condition was based on a two-limb support. Consequently, the muscular demands 

for postural stability were greater for Touch compared to Grasp. Indeed, the correlation and 



the goodness of the linear fit between arm span and actual maximal reaching distance were 

weaker for Touch than for Grasp (see Table 2 and Figure 2). 

Taken together, our findings confirmed that the estimation of maximal reaching 

distance was not always adequately explained through scaling to arm-span (i.e., body-

scaling). In particular, grasping a handhold while climbing requires the simultaneous 

transition from four-limb to three-limbs of support and maintenance of postural stability 

through anticipatory redistributions in weight (Bourdin et al., 1999; Quaine & Martin, 1999; 

Testa, Martin, & Debû, 1999). Thus, the perception of nested affordances appears to be better 

understood as an action-scaled ability, as opposed to body-scaled. As such, action-scaling 

encompasses limb mobility, joint flexibility and strength, and several researchers have also 

highlighted that the handhold features influence grasping capabilities (e.g. orientation, see 

Seifert et al., 2018; depth, see Amca, Vigouroux, Aritan, and Berton, 2012; slope and depth, 

see Fuss, Weizman, Burr, and Niegl, 2013; size, see Nougier et al., 1993). For instance, 

maximal vertical forces increase according to the depth of the handhold (when ranged from 1 

to 4 cm) but the change in forces are dependent upon the grasping pattern utilised (crimp vs. 

slope) (Amca et al., 2012). Moreover, force application and the grasping pattern (pulling vs. 

pushing) utilised were influenced by the slope (reduced from the horizontal to the vertical) 

and the depth (reduced from 8 to 3 cm) of a handhold (Fuss et al., 2013). More recently, 

Knobelsdorff, Bergen, Kamp, Seifert, and Orth, (2020) demonstrated that affordance 

perception relative to the depth of handholds were correlated with fingertip strength. This 

finding therefore indicated that improving strength across a range of movement patterns could 

provide climbers with greater capacity for functionally equivalent behaviours, which may 

permit greater exploration during visuo-motor search. 

In our study, when affordances were action-scaled, estimations of expert climbers 

were not influenced by the complexity of nested affordances. This finding suggests that 



despite the different nested affordances conditions, expert climbers were able to consistently 

act close to their actual maximal action capabilities (Fajen, 2005). In fact, one might have 

expected that the Touch condition would have resulted in lower estimated distances than the 

Grasp condition, as the climbers had to balance their body weight by using only two support 

points. However, our results did not show any differences between these two conditions. Still, 

balancing the body has to be considered. When the effort to balance is constant for touching 

and grasping, one can expect larger distances for touching than for grasping, as observed for a 

simple arm extension task (Wagman et al., 2019). As mentioned previously, in the Grasp 

condition, climbers had three supports to control their body weight, which might reflect a less 

complex nested affordance than having only two supports. In sum, our findings confirm the 

ability of expert performers to scale their actions to the task goal (Fajen et al., 2009; Fajen, 

2005).  

Interestingly, when two vs. more than two nested affordances were compared, the 

perception of the maximal distance to the handhold did not change significantly when scaled 

to actual maximal reaching distance, suggesting that expert climbers were able to adapt 

according to the goal of grasping. These results are aligned with previous findings about 

perception of maximal reaching height involving nested affordances, where participants had 

to perform three conditions: (1) reach for an object while standing on the floor (the floor 

condition); (2) step up on a step stool and then reach for the object (the step stool condition); 

and (3) pick up a plastic rod and use it to reach for the object (the stick condition) (Wagman 

& Morgan, 2010). The authors showed that perception of maximum reaching height was 

action-scaled both when agents performed a nested behaviour that changed their maximal 

action capabilities and when they performed a nested behaviour that would not do so 

(Wagman & Morgan, 2010). In other words, this finding suggested that the agents were able 

to functionally adapt their behaviour. That is, to perform the same function or to achieve a 



similar goal by using several coordinative structures, reflecting degeneracy (i.e., one function 

– many structures relation; Edelman & Gally, 2001; Price & Friston, 2002).  

 

Remove and Move Up conditions reflect nested affordances and exploitation of 

degeneracy of perception – action system. Results indicated that the Move Up condition 

appeared to be less complex than the Remove condition when estimated reaching distance 

were body-scaled, probably because the first handhold grasped by the left hand was not the 

end of the action, but a handhold used to transit to the wooden board. This finding suggests 

that expert climbers may utilise ‘situated anticipation’ in the sense that they can be responsive 

to the direction of the process to which their actions contribute (van Dijk & Rietveld, 2018). 

Van Dijk and Rietveld (2018) suggested that nested affordances invite skilled agents to act 

further, as via these invitations one situation develops into the next. In our study, using the 

handhold as a transition rather than as an end invites climbers to perceive more than two 

nested affordances that could allow functional equivalence (i.e., multiple coordinative 

structures to perform the same function or achieve the same outcome) (Edelman & Gally, 

2001; Wagman & Morgan, 2010). Previous research examining perception of nested 

affordances in climbing showed that expert climbers exploited ‘clustered’ information that 

reflected relevant features for climbing, supporting their ability to perceive moves in which 

more than one handhold was involved, within which several reaching, grasping or standing 

possibilities were perceived as climbing nested affordance (Boschker, Bakker, & Michaels, 

2002; Pezzulo, Barca, Lamberti Bocconi, & Borghi, 2010; Seifert, Cordier, Orth, Courtine, & 

Croft, 2017). As an example, Boschker and Bakker (2002) showed that inexperienced 

climbers might have a ‘hold-by-hold’ perception of a route and use dual grasping on each 

handhold during a traverse, whereas experienced climbers picked-up ‘clustered’ information 

that led them to perceive nested affordances and chained actions (e.g. crossing-arms to transit 



between handholds instead of dual grasping on each handhold). In our study, the Remove and 

Move Up conditions required the pick-up of ‘clustered’ information: (1) in Remove condition, 

necessitates adequate foot position to counter-balance the removal of the right hand from the 

starting handhold; and (2) in Move Up condition, the agent must perceive three sequential 

handholds (starting handhold, transition handhold, wooden board) to chain his or her actions. 

Our findings exhibited different behavioural patterns between the participants and between 

the four trials of one participant. These various behavioural patterns were performed by 

redistributing the body weight: (1) moving either the hand or the foot first; (2) using either 

face-on or side-on body position to the wall; and (3) varying the number of support points. 

Therefore, the Remove and Move Up conditions highlight how more than two nested 

affordances can invite functional equivalence in perception – action (i.e., degenerate 

behaviours that could reflect creativity) (Edelman & Gally, 2001; Price & Friston, 2002; 

Whitacre & Bender, 2010) and an extension of maximal action capabilities. Indeed, the only 

climber who used a ‘Foot & face-on to side-on’ pattern was the only one able to achieve a 

greater distance in Move Up condition (178.3 cm) compared to the Touch (165.4 cm), Grasp 

(165.4 cm), and Remove (158.3 cm) conditions. This participant was able to remove the right 

hand from the starting handhold and use only the strength of the left arm to pull his body 

upward (see image 6 in Figure 4, lower panel). Conversely, the participant depicted in Figure 

4 (upper panel), who used a ‘Hand & face-on’ pattern, reached a lower distance in Move Up 

condition (162.4 cm) than in Touch (166.4 cm), Grasp (164.4 cm) and Remove (162.3 cm) 

conditions, because he flexed his left arm and kept his right hand on the starting handhold, in 

order to utilise two support point of contact to pull his body upward. These findings suggest 

that when an agent can engage in different nested behaviours, he or she might change his or 

her maximal action capabilities in functionally equivalent ways, leading to changes in 

affordance perception.  



Conclusion 

The present findings have noticeable theoretical implications regarding the theory of 

nested affordances. First, our results confirmed previous research about nested affordances 

showing that experts estimate accurately and act near their actual maximal action capabilities 

regardless of the complexity of nested affordances. Our findings also extend the body of 

literature about reaching and grasping tasks by emphasizing that when tasks involved more 

than two nested affordances, estimated maximal reaching distance appear to be better 

explained when action-scaled than body-scaled. In the case of two nested affordances (i.e., 

reach to touch and reach to grasp), reaching distance appeared to be scalable to arm span as 

long as muscular effort for postural stability is not essential. Finally, our results provide 

empirical evidence and practical application regarding how functional equivalence occurs 

when an agent performs tasks involving more than two nested affordances. Our findings 

invite practitioners to design learning and training situation providing a rich landscape of 

nested affordances where agents can exploit degeneracy of perceptual-motor systems. 
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Table 1 Overview on conditions 

Condition Estimation Description Action Description 

Touch 

(4 trials) 

Remain in the starting position. 

Estimate the maximal distance 

that the handhold can be reached 

and touched at the screw (i.e.. 

centre of the handhold) without 

falling. One foot and one hand 

must remain on the respective 

starting holds. 

Reach and touch the screw (i.e.. 

centre of the handhold) for three 

seconds by one hand. Keep one 

foot and one hand on the respective 

starting holds. 

Grasp 

(4 trials) 

Remain in the starting position. 

Estimate the maximal distance 

that the handhold can be grasped 

without falling. One foot and one 

hand must remain on the 

respective starting holds. 

Reach and grasp the handhold for 

three seconds. Keep one foot and 

one hand on the starting hold. 

Remove (4 trials) Remain in the starting position. 

Estimate the maximal distance 

that the handhold can be grasped 

without falling. One foot and one 

hand must remain on the 

respective starting holds. One 

hand will grasp the target 

handhold and the other hand will 

be removed. 

Grasp the handhold with one hand 

and remove the other hand from 

the starting handhold for three 

seconds. Keep one foot on the 

starting foothold. 

Move Up 

maximum 

(4 trials) 

 Grasp the highest possible 

handhold on the wooden board for 

three seconds. Use the two 

handholds to support your climb. 

Move Up  

(4 trials) 

Remain in the starting position. 

Estimate the maximal distance 

that the handhold can be used to 

move up without falling. A 

second foothold is available 

below the moved handhold and 

you will be required to grasp one 

bar below your maximum on the 

wooden board.  

Grasp the handhold with one hand 

and move up to grasp the wooden 

board with the other hand one bar 

below your previous maximum for 

three seconds without falling. 

 

 

 

  



Table 2. Pearson correlation coefficients (r) between arm span and actual maximal reaching 

distance for the four conditions. CI: confident interval 95%. 

Condition r p CI inf CI sup 

Touch .57 .08 -.09 .88 

Grasp .70 .02 .12 .92 

Remove -.07 .84 -.67 .58 

Move Up -.14 .68 -.71 .53 

 

Table 3. Mean value on the successful estimations of the maximal reaching distance when 

scaled to actual maximal reaching distance and to arm span for the four conditions. M: mean, 

SD: standard deviation; CI: confident interval 95%; *: significantly different with Remove. 
        

Scale Condition M SD CI inf CI sup Min  Max  

Actual 

maximal 

reaching 

distance 

Touch 0.94 0.04 0.91 0.97 0.87 1.00 

Grasp 0.92 0.03 0.90 0.94 0.86 0.95 

Remove 0.89 0.03 0.90 0.95 0.86 1.00 

Move Up 0.92 0.04 0.91 0.97 0.82 0.98 

Arm span 

  

Touch 0.87 * 0.04 0.83 0.90 0.79 0.93 

Grasp 0.86 * 0.03 0.84 0.88 0.83 0.90 

Remove 0.79 0.04 0.76 0.82 0.74 0.85 

Move Up 0.85 * 0.06 0.80 0.89 0.71 0.92 

 

 

Table 4. Best successful estimation of the maximal reaching distance when scaled to actual 

maximal reaching distance and to arm span for the four conditions. M: mean, SD: standard 

deviation; CI: confident interval 95%;  *: significantly different with Remove. 
          

Scale Condition M SD CI inf CI sup Min Max 

Actual 

maximal 

reaching 

distance 

Touch 0.98  0.01 0.98 0.99 0.97 1.00 

Grasp 0.97 0.03 0.96 0.99 0.93 1.00 

Remove 0.97 0.03 0.96 0.99 0.94 1.00 

Move Up 0.98 0.03 0.96 1.00 0.91 1.00 

Arm span  

  

Touch 0.91 * 0.03 0.89 0.93 0.86 0.96 

Grasp 0.92 * 0.03 0.89 0.94 0.86 0.96 

Remove 0.83 0.05 0.79 0.86 0.75 0.91 

Move Up 0.89 * 0.06 0.84 0.93 0.79 0.99 

 

 

  



Table 5. Highest overestimation and the lowest underestimation scaled to the actual maximal 

reaching distance for the four conditions. M: mean, SD: standard deviation; CI: confident 

interval 95%. 

 Condition M SD CI inf CI sup Min Max 

Highest Touch 1.01  0.03 0.99 1.03 0.98 1.07 

over Grasp 1.00 0.03 0.99 1.02 0.97 1.05 

estimation Remove 1.01 0.05 0.98 1.05 0.94 1.10 

 Move Up 1.00 0.04 0.97 1.03 0.91 1.06 

Lowest Touch 0.89  0.02 0.84 0.94 0.79 1.00 

under Grasp 0.84 0.02 0.80 0.89 0.73 0.92 

estimation Remove 0.85 0.03 0.79 0.92 0.72 0.99 

 Move Up 0.89 0.06 0.84 0.93 0.75 0.97 

 

  



 
 

Figure 1. Illustration of the conditions: Final position in condition Touch (upper left). Final 

position in condition Grasp and Remove (upper right): Position has to be kept for three 

seconds. Starting position during estimation in condition Move Up (lower left): Operator 

moves the handhold as far as the participant wants. Final position in condition Move Up 

(lower right): Second foothold is aligned to the second handhold. 

 

  



 

Figure 2. Individual actual maximal reaching distance (i.e. maximal action capabilities) 

against individual arm span. For each condition, a linear fit was added, and related coefficient 

of determination (R2) as well as slope (p1) with 95% confidence bounds (CIlow, CIup) are 

presented in the legend. 
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Figure 3. Illustration of three behavioural patterns in Remove condition: ‘Friction’ pattern (left 

image), ‘Air’ pattern (central image) and ‘Start’ pattern (right image). 

  



 
 

Figure 4. Illustration of the sequence of actions of three behavioural patterns in Move Up 

condition: (A) the ‘Foot & face-on’ pattern: the participant moves his foot first (image 2) and 

keeps the body ‘face-on to the wall’ (image 3); (B) the ‘Hand & face-on’ pattern: the 

participant moves his hand first (image 2) and keeps the body ‘face-on to the wall’ (images 3 

and 4); (C) the ‘Hand & side-on’ pattern: the participant moves his hand first (image 2) and 

twists his body ‘side-on to the wall’ (images 3 and 4); (D) the ‘Foot & face-on to side-on’ 

pattern: the participant moves his foot first (image 3) and switches his body from ‘face-on to 

side-on to the wall’ (images 4 and 5); (E) the ‘Hand & face-on to side-on’ pattern: the 

participant moves his hand first (image 2) and switches his body from ‘face-on to side-on to 

the wall’ (images 4 and 5). 

 


