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Abstract
As classically captured in the notion of affordance, the natural environment presents animals with multiple opportunities for 
action and locomotion appears as the privileged form of action to cover distance in the extrapersonal space/environment. 
We have recently described a facilitation effect, known as “macro-affordance”, for the execution of walking-related actions 
in response to distant vs. near objects/locations in the extrapersonal space. However, since the manipulation of distance was 
coextensive to landmark-objects contained in the environment and to the environmental layout per se, the relative contribution 
of these two factors remains undetermined. In addition, since the effect was originally described in the context of an incidental 
priming paradigm, it is still unknown whether it was specifically associated with an implicit coding of environmental distance. 
Here, across three experiments, we examined the degree to which the “macro-affordance” effect reflects (i) the encoding of 
environmental vs. landmark-objects’ distance, (ii) the involvement of an implicit vs. controlled system, (iii) a foot-effector 
specificity. The results showed that the “macro-affordance” effect is more efficiently triggered by the framing distance of the 
environmental layout (far/wide/panoramic vs. near/close/restricted) rather than of isolated landmark-objects in the environ-
ment and that it only emerges when the distance dimension is implicitly processed within the incidental priming paradigm. 
The results additionally suggested a specificity of the effect for foot- vs. hand-related actions. The present findings suggest 
that macro-affordances reflect an implicit coding of spatial features of the environmental layout and viewer–environment 
relationships that preferentially guide a walking-related exploration of the spatial environment.

Introduction

Animals’ survival is likely guaranteed by a backbone of neu-
ral mechanisms developed to support adaptive interactions 
between animals and their extended natural environment. 
Within such evolutionary perspective, the brain would have 
evolved to satisfy the request of a constantly changing envi-
ronment that presents animals with multiple opportunities 
and demands for actions.

At the theoretical level, such an intimate and mutual 
relationship between animals and their surrounding envi-
ronment has been originally conceptualized in the notion 
of affordance (Gibson, 1979), defined as a property of the 
environment providing the viewer with practical opportuni-
ties of action, and successively further refined and expanded 
by embodied and ecological views of perception (Creem-
Regehr & Kunz, 2010).

At the experimental level, the notion of affordance has 
been principally investigated in the realm of the interaction 
between hand-related actions and manipulable objects/tools. 
For example, using an incidental object categorization task, 
such as judging whether an object was upright vs. inverted 
or natural vs. manufactured, a response-compatibility effect 
was described in the seminal studies by Tucker and Ellis 
for the execution of functionally appropriate hand-related 
actions to visually presented objects (e.g., spatial alignment 
between the responding hand and the handled object). This 
effect of motor potentiation, known as “micro-affordance”, 
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refers to a decrease of reaction times for components of 
hand-related actions afforded by seen objects (Ellis & 
Tucker, 2000; Tucker & Ellis, 1998, 2001). Crucially, since 
this motor potentiation or compatibility effect was typically 
observed in the context of incidental tasks not requiring par-
ticipants to explicitly pay attention to the affording proper-
ties of the presented objects (e.g., upright vs. inverted object 
orientation), the micro-affordance effect has been typically 
considered an automatic mechanism, i.e., an automatic 
activation of representations of actions during object/tool 
perception.

Converging evidence from experimental work, however, 
has demonstrated that the micro-affordance effect is rarely or 
not observed at all during tasks requiring superficial process-
ing of the object perceptual properties, such as during color 
judgment tasks, or during conditions in which the object 
is located in the “out of reach” portion of space (Costan-
tini et al., 2010, 2011; Pellicano et al., 2010; Tipper et al., 
2006), leading to the hypothesis that affordances activation 
is flexibly modulated by the task and by the physical and 
social context [(i.e., both automatic and task-dependent 
affordances activation, see (Borghi & Riggio, 2015) for a 
full discussion].

As noticed above, however, the specific focus on the 
hand–object relationship might have limited, or somehow 
circumscribed, the discussion on affording properties of 
objects in the external world and the mechanism of affor-
dance in general. This issue becomes even more critical 
when considering the emphasis, in the original formulation 
of affordance, on natural behavior and adaptive interactions 
between animals and their extended natural environment.

On this basis, a hypothesis was formulated in our previ-
ous work (Di Marco et al., 2019) about a potential affordance 
relationship between the spatial features of the extrapersonal 
environment and locomotion, a behavior that is essential for 
survival and ubiquitous among mobile organisms. Specifi-
cally, since locomotion appears as the privileged form of 
action to cover distance and retrieve information contained 
in the distant environmental/extrapersonal space, a facili-
tation effect was hypothesized for walking-related actions 
to distant landmark-objects/locations in the extrapersonal 
space. More specifically, an affordance effect was hypoth-
esized between the locomotion action and the distant extrap-
ersonal environment, and this effect was expected to take the 
form of faster initiation times (i.e., release times) for execu-
tion of a footstep action, taken as a proxy of walking, in 
response to far vs. near extrapersonal landmark-objects/loca-
tions. To test this hypothesis, a go/no-go incidental priming 
paradigm was employed requiring the planning/execution 
of a foot-related action (i.e., simple release of a foot-pedal 
response button or simple release followed by a footstep 
ahead) in response to repeated presentations of pictures of 
an environmental layout containing objects positioned at 

different distances (far vs. near) from the observer. Consist-
ent with our predictions, a facilitation effect was observed 
for execution of the footstep action in response to distant (vs. 
near) landmark-objects/locations in the extrapersonal space 
and this effect has been referred to as “macro-affordance” 
to reflect the parallelism with the “micro-affordance” effect 
observed during the execution of functionally appropriate 
hand-related actions towards manipulable objects (Altomare 
et al., 2021; Di Marco et al., 2019; Tosoni et al., 2021).

However, since in this study the manipulation of distance 
was achieved by moving the camera at different extraper-
sonal distances along a vector connecting the camera (i.e., 
point of view) with the objects contained in the environ-
ment, the degree to which the macro-affordance effect was 
guided by the object position (far vs. near) vs. the framing 
distance of the environmental layout (far/panoramic vs. near/
restricted view) could not be determined. Therefore, two 
(non-mutually exclusive) hypotheses were formulated: one 
that strongly reflects the analogy with the micro-affordance 
effect as motor attributes directly included in the represen-
tation of visual objects (Tucker & Ellis, 1998) and strictly 
dependent on the object position/distance, and the other 
that more generally considers the spatial properties of the 
general environment and the Gibsonian notion of environ-
mental affordances. Accordingly, while a first basic inter-
pretation of the effect reflects the notion of “object reach-
ability” (i.e., when participants anticipate walking further 
their action starts faster, “object reachability” hypothesis), 
a more intriguing interpretation of the effect was also pro-
posed according to which wide and panoramic views of the 
environmental layout automatically activate mechanisms for 
walking-related exploration of the distant spatial environ-
ment (i.e., “spatial exploration” hypothesis).

In addition, since our macro-affordance effect was 
observed in the context of a priming paradigm based on 
an incidental go/no-go task (i.e., go when the target picture 
is identical to the prime picture), it was unclear whether it 
was specifically associated with an implicit coding of envi-
ronmental distance for walking-related actions or whether 
it could be also observed during a task requiring an explicit 
distance categorization. Lastly, although a specificity of the 
macro-affordance effect was originally observed (Di Marco 
et al., 2019) for motor actions that mimic the initiation of a 
walking, the degree to which the effect was specifically asso-
ciated with a particular response type/effector, e.g., foot- vs. 
hand-related motor actions, has remained an open question 
from our previous investigations.

Here, three studies are presented that directly address the 
questions that have remained open from our original study 
(Di Marco et al., 2019): (i) whether the macro-affordance 
effect more strongly reflects the encoding of the spatial posi-
tion/distance of objects in the environment or the encoding 
of distance of the environment itself, (ii) the degree to which 
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it is associated with the activation of a system operating 
at an implicit vs. controlled level of information process-
ing, (iii) the degree to which it reflects a specificity for a 
particular response type/effector (e.g., foot- vs. hand-related 
motor actions).

Experiment 1

Experiment 1 addressed the question of whether the macro-
affordance effect was preferentially guided by the framing 
distance of the general environment vs. the distance of iso-
lated landmark-objects (i.e., beach umbrella). As outlined 
in the Introduction section, a stronger effect of distance was 
hypothesized for the layout vs. the landmark-object session 
within the framework of the “spatial exploration” hypoth-
esis, while a stronger modulation of distance was expected 
for the landmark-object session within the framework of the 
“object reachability” hypothesis. Since the macro-affordance 
effect was interpreted on the basis of an automatic activa-
tion of mechanisms for spatial exploration/navigation of 
the environment in our previous studies (Altomare et al., 
2021; Di Marco et al., 2019; Tosoni et al., 2021), a stronger 
effect of distance was predicted for the layout compared to 
the landmark-object session. In addition, a stronger effect 
of distance (either in the layout or in the landmark-object 
session) was hypothesized for footstep actions that mimic 
the initiation of a walking (vs. simple release) based on our 
original findings (Di Marco et al., 2019).

Methods

Participants

Twenty-one right-footed, healthy participants, recruited 
from students of the “G. D’Annunzio” University of Chi-
eti Pescara (14 females, age range: 25.7 ± 5.2 years), were 
enrolled for experiment 1. Exclusion criteria were applied 
for pathological conditions and left-foot dominance.

All participants had normal or corrected-to-normal 
vision, were naïve as to the purposes of the experiments and 
agreed to participate in the studies without any compensa-
tion fee or credit. Written informed consent was obtained for 
all participants before study participation in accordance with 
the ethical standards of the 1964 Declaration of Helsinki. 
The whole study (i.e., experiments 1–3) was approved by the 
Ethics Committee of G. D’Annunzio University of Chieti, 
Italy (protocol code 1755 approved on 25 July 2019).

Sample size was defined based on a power analysis 
(G*Power 3.1.9.2, α error probability = 0.05, power = 0.95) 
conducted on the effect size associated with the macro-affor-
dance effect obtained in our previous studies [Cohen’s d val-
ues ranging between 0.63 and 0.67 in (Altomare et al., 2021; 

Di Marco et al., 2019)]. A sample size ranging between 18 
and 21 participants was obtained in this analysis, which is 
consistent with the collected sample size.

Apparatus and stimuli

The experiment was conducted using a set-up consisting of 
a 42″ widescreen and a foot-pedal response system (Brain-
Trends ltd., Italy) positioned on the floor at a distance of 
57 cm from the screen (Fig. 1A). The experimental stimuli 
(pictures) were projected on the screen to cover about 70° 
of visual angle. Stimulus presentation was controlled by 
E-Prime 2 (Psychology Software Tools Inc., Pittsburgh, PA). 
Foot-related responses were recorded through a foot-pedal 
response system connected with the computer running the 
E-Prime software.

Stimuli included a selection of pictures from a virtual 
reality environment, created using a 3D modeling software 
[3D Studio Max 4.2, Autodesk, Discreet, also see (Altomare 
et al., 2021; Di Marco et al., 2019; Tosoni et al., 2021)], 
representing a square arena of a three-winged palace with a 
landmark-object (e.g., a beach umbrella) positioned in front 
the central wing. For the current study, a series of pictures 
were created from the same 3D environment in which either 
the environmental layout, defined by the three-winged pal-
ace, or the landmark-object, defined by the beach umbrella, 
were framed from different (extrapersonal) distances from 
the observer (Fig. 1B). Extrapersonal distance was manipu-
lated across trials by framing the environmental layout or 
the isolated landmark-object at 8 possible distances from the 
observer (5, 6, 7 and 8 virtual meters for the near condition 
and 28, 32, 36 and 40 virtual meters for the far condition). 
Specifically, as illustrated in Fig. 1B, the stimulation set 
employed in the current study was rendered by moving the 
camera at 8 possible distances (4 levels for each condition of 
near and far distance) along a vector connecting the camera 
with the landmark-object (beach umbrella) or with the three-
winged palace in the arena [(note that pictures employed 
in the current study were rendered by simply removing the 
environmental layout or the landmark-object from the origi-
nal stimulation set defined by the three-winged palace with 
the beach umbrella in front of the central wing described in 
(Di Marco et al., 2019)].

As in our previous studies (Altomare et al., 2021; Di 
Marco et al., 2019; Tosoni et al., 2021), distance was 
expressed in virtual meters (which have been estimated 
as approximately doubled with respect to real distances 
in the current environment) and the different levels of 
distance were selected based on the stimulation set and 
results obtained in our previous study on explicit judg-
ments of extrapersonal distance in the same virtual envi-
ronment [i.e., explicit categorization task of extraper-
sonal distance during ascending/descending series of 



 Psychological Research

1 3

receding/approaching distance of landmark-objects in the 
same environmental layout of the current study, see (Fini 
et al., 2014)]. In particular, conditions of near and far 
extrapersonal distance were selected to fall very far from 
the proposed ~ 8 m (i.e., 16 virtual) boundary defining a 
near- vs. far-distant extrapersonal action space (Fini et al., 
2014; Grusser, 1983). It is worth specifying that the dif-
ferent conditions of extrapersonal distance employed in 
our study were expected to specifically modulate and dif-
ferentially afford foot-related actions but not hand-related 
actions such as grasping or reaching.

Procedure

Experiment 1 was composed of two experimental sessions 
in which the spatial distance of the general environmental 
layout (i.e., square arena of a three-winged palace) or of an 
isolated object (i.e., a beach umbrella on the same arena 
without the three-winged palace) was manipulated across 
trials in a within-subject design. Within each session, a 
series of blocks were collected in which a footstep ahead 
or a simple release action was pre-instructed as a response 
movement.

Fig. 1  Experimental set-up and design. A Set up: Participants were 
standing in front of a screen covering about 70° of visual angle 
while holding down a pedal of a foot-related response system with 
their right heel. B Experimental design: Stimuli included a selection 
of pictures of a 3D virtual environment representing a square arena 
of a three-winged palace (layout) or a beach umbrella on the same 
arena (landmark-object) photographed from different extrapersonal 
distances from the observer (5, 6, 7 and 8 virtual meters for the near 
condition and 28, 32, 36 and 40 virtual meters for the far condition). 
C Incidental priming paradigm: priming paradigm based on an inci-
dental go/no-go task involving the presentation of pictures pairs (i.e., 
prime and target) and requiring subjects to execute a footstep ahead 
or a simple release action based on the prime-target perceptual match, 

i.e., go trials for perceptually matching pictures. Each picture was 
presented for 700 ms with an ISI of 500 ms between the two pictures. 
An ITI of 2500 ms was presented between every pictures pair. D Dis-
tance categorization task: go/no-go tasks requiring the execution of 
a previously instructed movement (i.e., footstep, simple release) in 
response to single pictures of the 3D virtual environment representing 
a square arena of a three-winged palace (layout) framed from far or 
near distance. The association between the response movement and 
the condition of distance was alternated across blocks (i.e., blocks 
with a go signal for the near condition and a no-go signal for the 
far condition were alternated with blocks with the opposite associa-
tion). Each picture was presented for 500 ms with an ITI of 2500 ms 
between each trial
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As illustrated in Fig. 1C (C1 and C2 panels), the experi-
mental design was based on a go/no-go incidental prim-
ing paradigm in which subjects were required to execute a 
previously instructed movement (simple release or footstep 
in separate experimental blocks) in response to repeated 
presentations of pictures (i.e., prime-target) of a 3D virtual 
environment representing a square arena of a three-winged 
palace (environmental layout session) or a beach umbrella 
(landmark-object session) positioned at different extraper-
sonal distances from the observer (near or far, 4 levels of 
distance each). The response was provided at the onset of 
the target picture (i.e., second picture) based on the percep-
tual match with the prime picture (i.e., go trials, execute the 
instructed response movement only when the target picture 
is perceptually identical to the prime picture; no-go trials, 
refrain the response when they are different).

During the experiments, subjects were instructed to 
respond by either simply releasing the foot-pedal with the 
heel of their right foot while keeping the foot’s front on the 
ground (simple release) or by releasing the pedal for execut-
ing a footstep ahead (footstep) and get back to the starting 
position (Fig. 1A). During the simple release action the leg 
remained still on the response pedal and the body weight 
loaded on the (left) non-responding foot, while during the 
footstep action the participants were instructed not only to 
move the leg for a step length but also the entire body ahead 
as if they were about to start walking. As a result, during the 
footstep action the body weight was shifted from the non-
responding left to the responding right foot and this could 
be correctly executed without falling off the platform or run-
ning into the equipment. As reported in our original work 
(Di Marco et al., 2019), the footstep action was considered 
as a proxy of walking because of their shared basic pos-
tural, muscular and kinematic elements, but a simple release 
action was also included in the design as to control for task-
related cognitive components (i.e., the perceptual difficulty 
component associated with the differential perceptual dis-
criminability of experimental conditions in Experiment 1) 
as well as basic postural and proprioceptive aspects of the 
more complex footstep action. Therefore, in addition to the 
subtractive approach in which the simple release action was 
employed as a baseline/control for the footstep action, both 
response actions could be defined and interpreted as consti-
tutive elements of a walking incipit (i.e., consecutive steps 
of a sensory-motor sequence for the initiation of a walking 
action).

Each picture was presented for 700 ms with an inter-stim-
ulus interval (ISI) of 500 ms. An inter-trial interval (ITI) of 
2500 ms was presented between every trial (pictures pair). 
Each session (layout, landmark-object) was composed of 
4 blocks in which the instructed response movement was 
a simple release or a footstep action in a 2 (session) × 2 
(response movement) × 4 (distance) within-subject factorial 

design. The response movement blocks were collected 
within a single session in a counterbalanced order across 
subjects (i.e., 4 consecutive blocks of simple release and 
footstep action in which the response movement was indi-
cated before the beginning of the 4 blocks; half of the sub-
jects performed the footstep blocks as first and the other half 
as second). The two sessions (layout, landmark-object) were 
collected in separate days to avoid dragging effects.

Each block was composed of 40 trials including 32 go 
trials (target picture equal to prime picture, 4 repetitions 
for each level of extrapersonal distance ranging from 5 to 
40 virtual meters) and 8 no-go trials (target and prime pic-
ture of different distance categories) for a total of 640 tri-
als collected for each participant (40 trials per block with a 
1/5 ratio of no-go trials, 16 total blocks including 8 blocks 
per session, with each session including 4 blocks for each 
response movement). The response was provided at the onset 
of the target picture and the response time associated with 
the foot-pedal release was recorded on each trial. Before 
the beginning of the experiment, a brief training was per-
formed to ensure that the two response movements were 
correctly executed (see above for a kinematic description of 
the response movements).

As reported above, go trials were defined by perceptu-
ally identical pictures within the near and far categories 
while no-go trials were defined by prime and target pictures 
extracted from different distance’ categories, i.e., near/far 
and vice versa, thus resulting in a very easy discrimina-
tion. More specifically, the very easy discrimination task 
employed in the current design satisfied the requirement 
of minimizing the potential contribution of task-difficulty 
modulations associated with differential perceptual discrimi-
nability of the distance conditions to performance (Di Marco 
et al., 2019). Therefore, by minimizing the contribution of 
task-related variables associated with stimulus–response 
mapping, the incidental priming paradigm was designed to 
emphasize modulations of implicit variables and automatic 
effects, such as an implicit coding of extrapersonal distance 
for the execution of a foot-related action. Alongside, the 
inclusion of no-go trials followed the rationale of control-
ling participants’ attention to visual stimulation and avoiding 
automatic and pre-programmed responses to target pictures.

Statistical analysis

The accuracy analysis was based on mean accuracy percent-
age in the go/no-go task (i.e., correct movement execution 
in go trials and correct movement withholding in no-go tri-
als) for each subject and condition. Analysis of response 
time was conducted on the mean release times for correctly 
executed go trials (i.e., go trials in which a response move-
ment was correctly executed) after removal of outliers trials 
(mean ± standard deviation of the mean calculated for each 
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experimental block). Both accuracy and response time data 
were analyzed using a within-subject repeated-measures 
ANOVAs with session (layout, landmark-object), response 
movement (simple release, footstep), and distance (near, far) 
as factors.

The Newman–Keuls post hoc test was used for statisti-
cal comparisons between the mean scores in the different 
conditions.

Results

A mean accuracy of 99% was recorded in the go/no-go task 
(i.e., go and no-go trials averaged) with no significant main 
effect or interaction in the ANOVA analysis (all p > 0.05). 
Therefore, together with our previous findings, these results 
suggest that the incidental priming paradigm developed for 
the study of the macro-affordance effect largely satisfies the 
experimental goal of controlling attention to the featured 
stimuli without compromising task performance (i.e., cor-
rect execution of the instructed response movement in the 
go/no-go task).

The results of the response time ANOVA (i.e., mean 
release times for correctly executed go trials) indicated a 
main effect of distance [F(1,20) = 7.12, p = 0.01, partial 
eta-squared = 0.26, observed power (alpha 0.05) = 0.72] 
and a marginally significant session x distance interac-
tion [F(1,20) = 3.47, p = 0.07, partial eta-squared = 0.15, 

observed power (alpha 0.05) = 0.43]. No other significant 
or marginally significant main effects or interactions were 
observed in the ANOVA results (all p > 0.07). As illus-
trated in Fig. 2A, whereas the main effect of distance was 
explained by overall shorter release times in the far vs. 
near condition (both simple release and footstep action), 
the marginally significant session x distance interaction 
suggested a larger distance effect in the layout vs. the 
landmark-object session (see also Table 1 for descriptive 
statistics). As reported above, no interaction effect was 
observed between session, distance and response move-
ment, thereby indicating that the trend of a larger effect of 
distance in the layout vs. the landmark-object session was 
equally observed for the simple release and the footstep 
action. Notably, since the interaction effect did not reach 
the statistical significance of p < 0.05 but the observed 
trend was consistent with our hypothesis of a larger dis-
tance effect in the layout vs. the landmark-object session, 
post hoc tests were used to assess differences between 
the condition means. Consistent with our predictions, the 
results of post hoc tests indicated that the distance effect 
was present in the layout but not in the landmark-object 
session (Newman–Keuls post hoc test, near vs. far in lay-
out: p = 0.005, in landmark-object: p = 0.62). Therefore, 
the current results indicated that the macro-affordance 
effect was preferentially guided by the framing distance 
of the environmental layout (far/wide/panoramic vs. near/

Fig. 2  Experimental results. A Experiment 1: The graph displays the 
mean release times for the near and far conditions during the layout 
and landmark-object session of the incidental priming paradigm. 
Error bars represent within-subjects standard errors of the mean. B 

Experiment 2: the graph displays the mean release times for execu-
tion of the footstep and the simple release action as a function of dis-
tance (near, far) during the distance categorization task. Error bars 
represent within-subjects standard errors of the mean

Table 1  Response times 
(mean ± standard deviation) 
for the ANOVA design of 
Experiment 1

Footstep Simple release

Far Near Far Near

Layout 802.01 ± 187.42 815.96 ± 188.93 776.37 ± 235.55 784.75 ± 241.11
Object 786.09 ± 192.11 791.78 ± 191.67 778.73 ± 237.78 776.57 ± 232.26
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close/restricted view) rather than of isolated landmark-
objects (far vs. near) in the environment.

Experiment 2

Experiment 2 addressed the question of whether the macro-
affordance effect was specifically observed in the context of 
an incidental priming paradigm as in Experiment 1 in which 
the distance dimension was elaborated at an implicit level or 
whether it could also be observed during a task requiring an 
explicit categorization of distance. To this aim, an explicit 
version of the go/no-go paradigm employed in Experiment 1 
was developed in which the instructed response movements 
(simple release, footstep) were performed on the basis of an 
explicit distance categorization of the environmental layout 
(only pictures of the layout session were employed). A non-
significant effect of distance in this explicit task would sug-
gest that the macro-affordance effect is task-dependent and 
specifically related to an implicit coding of extrapersonal 
distance for the execution of foot-related actions. In contrast, 
a significant effect of distance during both the implicit and 
the explicit task would indicate that the effect is automati-
cally activated independently from the task at hand.

Methods

Participants

Twenty-four right-footed, healthy participants, recruited 
from students of the “G. D’Annunzio” University of Chi-
eti Pescara (15 females; age range: 24.6 ± 4 years), were 
enrolled for experiment 2. Exclusion criteria were applied 
for pathological conditions and left-foot dominance. Sam-
ple size and sample selection criteria were the same as in 
Experiment 1.

Apparatus and stimuli

The experimental set-up and stimuli were the same used in 
Experiment 1.

Procedure

Experiment 2 employed the “layout” pictures of Experiment 
1 (i.e., no landmark-object in the arena) in the context of a 
distance categorization task (Fig. 1D). The go/no-go task 
was implemented on single picture trials and subjects were 
requested to execute a previously instructed response move-
ment (i.e., simple release, footstep) according to the per-
ceived distance of the environmental layout (near, far). The 
stimulus–response association (i.e., the association between 
the response movement and the condition of distance) was 

alternated across blocks. For example, in a given block sub-
jects were instructed to execute the footstep action when 
they judged that the environment was framed from a far/
panoramic view and to refrain the response when judging 
that the environment was framed from a near/front view, 
while an opposite association was given in the subsequent 
block (i.e., executing the footstep action when the environ-
ment was framed from a near/front view and refraining the 
response when the environment was framed from a far/pano-
ramic view).

Each picture was presented for 500 ms with an ITI of 
2500 ms between each trial. The response was provided at 
the onset of each picture and the reaction time associated 
with the foot-pedal release was recorded on each trial. As 
for Experiment 1, the footstep and simple release actions 
were collected in separate blocks within a single session 
in a counterbalanced order across subjects (i.e., half of the 
subjects performed the footstep blocks as first and the other 
half as second).

A total of 8 blocks were collected in each participant (4 
blocks for each response movement; 2 blocks for the go-
far condition and 2 blocks for the go-near condition), each 
including 16 go trials and 16 no-go trials for a total of 256 
trials per subject.

Before the beginning of the experiment, participants were 
extensively trained on both executions of the two response 
movements and the distance categorization task. In particu-
lar, a series of exemplars of the near (close view) and far 
(panoramic view) conditions was shown to participants and 
a brief training was conducted to control that the instructions 
were correctly understood and that the categorization task 
was accurately performed.

Statistical analysis

As for Experiment 1, accuracy analysis was based on mean 
accuracy percentage in the go/no-go task (go & no-go trials 
averaged) while response time analysis was based on the 
mean release times for correctly executed go trials. Accuracy 
and response time data were analyzed using a within-subject 
repeated-measures ANOVAs with response movement (sim-
ple release, footstep), and distance (near, far) as factors.

Results

One subject was excluded from the analysis for an accuracy 
performance below 2 standard deviations from the mean. 
A mean accuracy of 96% was recorded for the remaining 
group (N = 23) with no significant differences between the 
conditions.

As displayed in Fig. 2B, the results of the response time 
ANOVA (i.e., mean release times for correctly executed go 
trials in the near/far) indicated a marginally significant main 
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effect of response movement [F(1,22) = 3.95, p = 0.059, par-
tial eta-squared = 0.15, observed power (alpha 0.05) = 0.47] 
with faster response time in the simple release vs. foot-
step condition, but no significant main effect of distance 
[F(1,22) = 0.18, p = 0.67] and no significant distance × 
response movement interaction [F(1,22) = 0.24, p = 0.62].

These results showed that the macro-affordance effect was 
specifically observed in the context of an incidental priming 
paradigm (Experiment 1) in which the distance dimension 
was implicitly processed, thereby suggesting a both auto-
matic and task-dependent activation of macro-affordances.

Experiment 3

Experiment 3 addressed the question of the relationship 
between the macro-affordance effect, in terms of response 
time modulation by framing distance of the environmental 
layout, and a specific response type/effector. In particular, by 
examining data of a manual version of the incidental priming 
paradigm employed in Experiment 1, the degree to which 
the macro-affordance effect is specifically associated with 
the execution of foot- vs. hand-related motor actions was 
examined in Experiment 3. At the level of the hypotheses, 
since a preferential affordance relationship was originally 
hypothesized between the distant extrapersonal environ-
ment and the locomotion action, no distance modulation was 
expected during the manual version of the incidental prim-
ing task. In addition, since the macro-affordance effect was 
interpreted on the basis of an automatic activation of mecha-
nisms for spatial exploration/navigation of the environment 
in our previous studies (Altomare et al., 2021; Di Marco 
et al., 2019; Tosoni et al., 2021), a selectivity of the effect 
for the planning/execution of foot-related motor actions was 
hypothesized in the current experiment.

Methods

Participants

Thirty right-footed, healthy participants, recruited from stu-
dents of the “G. D’Annunzio” University of Chieti Pescara 
(9 females; age range: 22.2 ± 1.7 years), were enrolled for 
Experiment 3. Exclusion criteria were applied for pathologi-
cal conditions and left-hand dominance.

Apparatus and stimuli

The experimental set-up and stimuli were the same used in 
the “layout” session of Experiment 1 with the only differ-
ence being that participants performed the experiment in a 
seated position in front of a desk with a manual response 
box.

Procedure

Experiment 3 only employed the “layout” pictures of Experi-
ment 1 (i.e., no landmark-object in the arena) and was based 
on a manual version of the go/no-go incidental priming 
paradigm in which foot-related responses (simple release, 
footstep) were replaced with manual responses provided 
through a response button and performed by releasing the 
right index from the button press and executing a spatially 
directed hand-pointing movement in the stimulus direction. 
As for the foot-related version of the task, the response was 
provided at the onset of the target picture (i.e., go when 
the target picture is perceptually identical to the prime pic-
ture and refrain the response when pictures are different) 
and reaction times associated with the finger release were 
recorded on each trial. The manual version of the incidental 
priming paradigm was based on identical timing and stimu-
lation trials/blocks of Experiment 1.

Before the beginning of the experiment, a brief training 
was performed on each participant to ensure that the task 
instructions were correctly understood and that the hand-
pointing movement was accurately executed.

Statistical analysis

As for Experiments 1 and 2, accuracy analysis was based 
on mean accuracy percentage in the go/no-go task (go and 
no-go trials averaged) while response time analysis was 
based on the mean release times for correctly executed go 
trials. Mean accuracy and response times were calculated for 
each subject and condition (far, near) and compared through 
paired t-tests (Student T, two-tails, type I).

Results

Analysis of the mean accuracy in the go/no-go task (mean 
percentage of correct responses in go and no-go trials) indi-
cated an accuracy of 98% with no significant differences 
between the conditions [t(29) = 0.24, p = 0.80].

Consistent with our predictions, moreover, a no-signif-
icant effect of distance (i.e., near vs. far) was observed in 
the response time analysis of the manual version of the task 
[t(29) = 1.25, p = 0.22].

These results indicated that the  far vs. near response 
time facilitation effect described for foot-related macro-
affordances was not observed during a manual version of 
the incidental priming paradigm and suggested a foot-related 
specificity of the macro-affordance effect.

Stimuli rating

In addition to the go/no-go tasks described above, an explicit 
rating was collected in the present study aimed at evaluating 
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the locomotion-affording properties of the stimulation set 
employed in the laboratory experiments (Experiments 1–3).

Methods

Participants

An independent sample of 95 participants (75 females, age 
range: 22.6 ± 6 years) was enrolled from students of the “G. 
D’Annunzio” University of Chieti Pescara for an explicit 
stimulus rating study conducted through an online survey.

Procedure

The stimulus rating study was conducted through an online 
questionnaire administered via the Qualtrics commercial 
platform.

During the questionnaire, participants were shown with 4 
exemplar pictures of the experimental design (2 sessions × 2 
distances, see Fig. 1B), and for each picture, a rating score 
was collected on the following conditions of viewer–envi-
ronment interaction (i.e., affordance): (i) going for a walk 
and exploring the environment (spatial exploration); (ii) 
reaching of a specific object or spatial location (reaching of 
object/location): (iii) passively admiring the environment 
(passive admiration). The rating score was provided on a 
7-point Likert scale. Specifically, a rating on a score ranging 
from 1 to 7 points was obtained for each of the 4 stimulus 
pictures on the following three questions: (i) express how 
much the picture pushes you to explore the environment via 
walking, (ii) express how much the picture pushes you to 

direct yourself toward a specific location of the environment, 
(iii) express how much the pictures pushes you to passively 
admire the environment.

Statistical analysis

Data of the stimulus rating experiment were firstly controlled 
for normal distribution using the goodness of fit Kolmogo-
rov–Smirnov and Lilliefors tests for normal distribution.

Mean rating scores were next compared through repeated-
measures ANOVAs with session (layout, object), distance 
(near, far) and condition of viewer–environment interaction 
(spatial exploration, reaching of object/location, passive 
admiration) as factors. The Newman–Keuls post hoc test was 
used for statistical comparisons between the mean scores in 
the different conditions.

Results

Results of the normality check indicated a normal distribu-
tion of data (Kolmogorov–Smirnov D statistics ranging from 
0.14 to 0.23 with p < 0.01 for all the 12 rating variables).

As illustrated in Fig. 3, the mean rating scores asso-
ciated with the three conditions of viewer–environment 
interaction indicated that the passive admiration condi-
tion obtained overall lower scores than the two “active” 
conditions of motor interaction with the environment, i.e., 
reaching of object/location and spatial exploration. This 
observation was statistically supported by the results of 
a within-subject repeated-measures ANOVA with ses-
sion (layout, landmark-object), extrapersonal distance 

Fig. 3  Rating results. The 
graph displays the mean rating 
score for the three conditions of 
viewer–environment interaction 
(i.e., spatial exploration, reach-
ing of object/location, passive 
admiration) and stimulation 
condition [i.e., session (layout, 
landmark-object) by extraper-
sonal distance (near, far)]. Error 
bars represent within-subjects 
standard errors of the mean
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(near, far), and condition of viewer–environment inter-
action (spatial exploration, reaching of object/location, 
passive admiration) as factors. Specifically, a statistically 
significant three-way interaction was observed in the 
ANOVA [session x distance x condition of viewer–envi-
ronment interaction: F(2,188) = 4.1, p = 0.018, partial eta-
squared = 0.04, observed power (alpha 0.05) = 0.72] with 
post hoc tests (Newman–Keuls) indicating that the 4 admi-
ration conditions obtained statistically comparable rating 
scores (p > 0.05) and that these scores were significantly 
lower than the rating scores in the 2 dominant “active” 
conditions of layout-far/exploration and landmark-object-
far/reaching (all p < 0.05).

These results indicated that the 3D pictures presented in 
our laboratory experiments were strongly associated with 
an active, motor-related, interaction between the observer 
and the environment, thus confirming the strong locomotion-
related affording properties of our stimulation set.

We next more specifically examined the potential dis-
sociation between the two motor conditions of spatial 
exploration vs. landmark-object/location reaching by con-
ducting a repeated-measures ANOVA with session (lay-
out, landmark-object), distance (near, far) and condition 
of viewer–environment motor interaction (spatial explora-
tion, reaching of object/location) as within-subject factors. 
Again, a significant three-way interaction between session, 
distance and motor condition [F(1,94) = 10.1, p = 0.002, 
eta-squared = 0.09, observed power (alpha 0.05) = 0.88] 
was observed in the ANOVA and the results of post hoc 
tests confirmed the dissociation between the preferred 
viewer–environment motor interaction and the type of 
stimulation condition (layout-far/exploration > layout-far/
reaching, layout-near/exploration, landmark-object-far/
reaching; landmark-object-far/reaching > layout-far/reach-
ing, all p < 0.05).

Therefore, pictures of an environmental layout framed 
from a far/panoramic distance were associated with higher 
explicit judgments of spatial exploration than pictures of the 
same layout framed from a near/front distance and of a far 
isolated landmark-object. At the same time, pictures of a far 
landmark-object were associated with higher explicit judg-
ments of reaching than pictures of a near landmark-object 
and of a near/far environmental layout. In this respect, note 
that the landmark-objects are conceived to represent environ-
mental objects or “landmark” that afford a locomotion action 
(reaching in the sense of approaching) and not manipulable 
objects that afford a hand-related grasping action. Accord-
ingly, the observed higher rating for “reaching” of object/
location in the landmark-object-far vs. landmark-object-near 
condition closely followed the prediction of the “object 
reachability” hypothesis of the macro-affordance effect (i.e., 
when participants anticipate walking further their action 
starts faster).

In summary, the results of this explicit stimulus rating 
indicated that pictures of an environmental layout prefer-
entially drive locomotion-related mechanisms of spatial 
exploration of the environment and suggest a preferential 
affordance relationship between the global environmental 
layout and the spatial exploration motor intention.

General discussion

The brain has evolved to satisfy the request of a constantly 
changing environment that presents animals with multiple 
opportunities and demands for actions. As formalized by 
the classic notion of affordance (Gibson, 1979) and by the 
more recent neurophysiological model of the “affordance 
competition hypothesis” (Cisek, 2007; Cisek & Kalaska, 
2010), one adaptive strategy to survive in such a complex 
environment is to specify in advance the parameters of all 
possible actions. Consistent with this view, a facilitation 
effect was described in our recent works for the execution 
of foot-related actions in response to distant vs. near objects/
locations in the extrapersonal space (Altomare et al., 2021; 
Di Marco et al., 2019; Tosoni et al., 2021).

In the present study, we examined the degree to which 
this effect, which we have referred to as “macro-affordance” 
reflects an (i) implicit vs. controlled coding of (ii) environ-
mental vs. landmark-objects’ distance for the planning/
execution of (iii) specific response actions (e.g., foot- vs. 
hand-related motor actions).

The results indicate that the effect is preferentially guided 
by the framing distance of the environment layout (far/wide/
panoramic vs. near/close/restricted view) rather than by the 
position of isolated objects in the environment (far vs. near) 
and that it only emerges when the distance dimension is pro-
cessed at an implicit level (i.e., within the incidental priming 
paradigm).

The results additionally showed that the effect was specif-
ically associated with execution of foot-related/walking (vs. 
hand-related) motor actions. Taken together, these findings 
suggest that the macro-affordance effect specifically reflects 
an implicit coding of environmental distance for the execu-
tion of foot-related actions that mimic the initiation of a 
walking.

Notably, the results of an explicit rating on the loco-
motion-related affording properties of our stimulation set 
complement these findings by indicating that far/panoramic 
views of the environmental layout preferentially elicit motor 
intentions and viewer–environment interactions associated 
with spatial exploration of the environmental layout.

These findings support our original interpretation of the 
macro-affordance effect in terms of an automatic trigger of 
walking by positions that preferentially guide spatial explo-
ration (Di Marco et al., 2019). In particular, we propose 
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that the observed preference of the distance effect for the 
“layout” session and the preferential association between 
pictures of the far/panoramic environmental layout and 
the “spatial exploration” interaction/intention support the 
hypothesis of a general and evolutionary-based mechanism 
associated with spatial exploration of the extended spatial 
environment.

The results presented in the current manuscript, however, 
also support the notion that the “object reachability” and the 
“spatial exploration” accounts can be thought of as two com-
plementary, or at max hierarchically operating, mechanisms 
that together fulfill the purpose of adaptive interactions with 
the environment. Ultimately, also at the evolutionary level, 
when animals cover distance and reach distant (new) loca-
tions for food-hunting they probability also exploit the jour-
ney to explore the new environment for a different aim (e.g., 
colonize, settle down), thereby maximizing their survival 
chances.

An additional question addressed in the current study was 
the degree of automaticity of the macro-affordance effect 
and specifically whether the far vs. near distance facilitation 
effect observed during execution of foot-related actions was 
peculiarly associated with an implicit coding of environmen-
tal affordances or whether it was independent from the task 
at hand (Experiment 2). Albeit affordances, and in particular 
micro-affordances, have been classically considered as an 
automatic mechanism activated during object perception, 
mounting evidence from experimental psychology has indi-
cated that affordances are not invariably activated during the 
presentation of pictures or words referring to manipulable 
objects: their activation is, therefore, both task- and context-
dependent (Borghi & Riggio, 2015). For example, a series 
of studies have shown that affordance activation closely 
depends on the specific task employed in the study design 
and, in particular, that an affordance effect is observed dur-
ing shape categorization but not during color categorization 
tasks (Pellicano et al., 2010; Tipper et al., 2006).

Here, we addressed the question of automaticity and 
contextual dependence of macro-affordances by comparing 
the modulation of performance by environmental distance 
during an incidental priming paradigm task in which the 
distance dimension was implicitly processed versus a task 
requiring an explicit categorization of the same dimension. 
The results indicated that the macro-affordance effect was 
significantly observed during the incidental priming task 
(Exp.1) but not during the distance categorization task (Exp. 
2). Therefore, in accordance with previous experimental evi-
dence and current theoretical views on affordance effects for 
manipulable objects, our results suggest that also affordance 
effects for environmental stimuli or macro-affordances are 
implicitly activated in a context-dependent manner.

A final question addressed in the present study is 
the degree to which macro-affordances are  specifically 

associated with execution of foot-related/walking (i.e., 
footstep vs. simple release) and foot- vs. hand-related motor 
actions (Exp.3). In particular, although a specificity of the 
effect for the footstep action was observed in our original 
study (Di Marco et al., 2019), a modulation of distance for 
both the footstep and the simple release action was observed 
in the current study (i.e., larger effect of distance in the lay-
out vs. the landmark-object session independently of the 
instructed response movement). In this respect, a consider-
able notation concerns the theoretical and methodological 
aspects of the experimental design. As reported in the meth-
odological section of Experiment 1, in particular, although 
only the footstep action was taken as proxy of walking in 
our original work (Di Marco et al., 2019), also the simple 
release action was included in the design as control for basic 
aspect of the more complex footstep action. On this basis, 
therefore, a worthwhile theoretical consideration/specifica-
tion is that both foot-related response actions can be thought 
of as constitutive elements of a walking incipit (i.e., con-
secutive steps of a sensory-motor sequence for the initia-
tion of a walking action). At a more methodological level, 
moreover, it has to be noted that in the present study the two 
instructed movements were collected within the same ses-
sion (see Experiment 1) which might have minimized the 
distinction/differentiation between the planning and execu-
tion components of the two response movements. Impor-
tantly, moreover, concerning the issue of the specificity of 
the macro-affordance effect for a particular response effector 
(foot- vs. hand-related motor actions), the results of an addi-
tional experiment indicated that the macro-affordance effect 
was not observed during a manual version of the incidental 
priming paradigm in which foot-related response responses 
were replaced with spatially directed hand-pointing move-
ments. These findings suggested a foot-effector specificity 
of the macro-affordance effect.

On a more general level and with respect to previous 
empirical evidence, the findings presented in the current 
study are consistent with the findings of some follow-up 
studies in the field of micro-affordance showing that spatial 
alignment effects for simulated reach-to-grasp motor acts are 
computed online through behavior rather than reflected in 
explicit estimates or conscious representations of distance 
(Ambrosini & Costantini, 2013; Ambrosini et al., 2012). 
Here we found a similar pattern for the macro-affordance 
effect as directly estimated from a perceptual matching task 
in which the distance dimension was implicitly computed. 
This not only supports the conclusion of an online computa-
tion of affordance during task execution but also raises the 
hypothesis that the type of task might directly affect the rel-
evance/salience of the distance dimension for action. More 
specifically, if one starts from the assumption that stimu-
lus location is computed online for the purpose of the current 
behavioral goal, then one can formulate the hypothesis that 



 Psychological Research

1 3

the distance dimension is action-relevant for a foot-related 
response only during the implicit task. On the other hand, 
the distance categorization task might be primarily domi-
nated by memory-recollection mechanisms associated with 
the memory encoding of the condition templates shown dur-
ing the training phase of the task. According to our hypoth-
esis, therefore, the role of perception (i.e., environmental 
distance) for action (foot-related action) would be largely 
preserved during the implicit task but rather impoverished 
by memory-recollection biases, and thus weekly available 
to mechanisms of perception for action, during the distance 
categorization task.

A further task-comparative aspect that might be worth 
discussing is the potential association between the observed 
macro-affordance effect and the incidental priming para-
digm in which the effect was specifically observed. This is 
because the implicit but not the explicit distance categoriza-
tion task was based on a priming paradigm and one might 
arise the concern that the observed facilitation effect might 
directly derive from a mechanism of pre-activation of the 
instructed response movement during the presentation of 
the prime stimulus. This potential priming explanation, how-
ever, would equally apply to the near and far conditions, 
for which we instead observed a differential modulation of 
the behavioral response. Therefore, the findings presented 
in the current study again support the notion that the macro-
affordance effect particularly relies on the specific affording 
properties of the far condition, and in particular of the far 
and panoramic environmental condition, for execution of 
foot-related/walking actions.

Future studies, however, would hopefully further clarify 
the potential implication of the specific paradigm for the 
emergence of the macro-affordance effect and a set of ques-
tions that has remained unaddressed from the present and 
previous investigation on the “macro-affordance” effect.

One of these questions, for example, is the degree to 
which the perceptually constitutional aspects/features of 
the stimulation set employed in this study might affect the 
performance [see also (Witt et al., 2007) for relevant find-
ings on this topic]. More specifically, a still unaddressed 
question is how the macro-affordance effect is modulated 
by the different ratio of depth cues (e.g., linear perspective, 
texture gradient) and stimulation of the visual field periph-
ery in the two experimental conditions in which an isolated 
landmark-object or a distributed environmental layout was 
presented on the widescreen (also note that our studies were 
always conducted using the same 42″ widescreen covering 
70° of visual angle).

An additionally relevant open question concerns the 
motivational basis of the effect and, in particular, whether 
within the evolutionary perspective outlined above, the 
macro-affordance effect can be conceived as associated 
with the activation of the so-called “seeking” disposition, 

a behavioral function of the mesolimbic dopaminergic sys-
tem that is highly conserved during evolution and associated 
with exploratory and approaching behaviors such as forward 
locomotion (Panksepp, 2011; Panksepp & Biven, 2012). 
Within this broader perspective, in particular, we suggest 
that the proposed interpretation of the effect based on the 
unique role of locomotion in distance coverage and access to 
the information contained in distant extrapersonal locations 
is consistent with the definition of the seeking disposition 
in terms of “specific types of locomotor activities and other 
responses directed to attain perceptual information and to 
progressively orient the organism toward affectively entic-
ing and eventually desired sources of stimulation” (Alcaro 
et al., 2007).

Finally, at a more general theoretical level, one relevant 
future direction would be to clarify the effect of automa-
ticity and contextual dependence, which have been so far 
only addressed in the field of the affordance relationship 
between manipulable objects and upper limbs actions, i.e., 
micro-affordances, with specific reference to the distinc-
tion between stable and variable affordances [see (Borghi 
& Riggio, 2015) for a full discussion]. How the distinction 
between stable and variable affordances applies and trans-
lates to environmental affordances for lower limb actions, 
i.e., macro-affordances, remains still unexplored and 
requires future investigation.

In summary, future studies will hopefully further clarify 
the perceptual basis and the bottom-up factors driving the 
macro-affordance effect, its motivational significance and 
its contextualization in the affordance theory and ecological 
theories of perception (Richardson et al., 2008).

Conclusion

Here, we showed that the facilitation effect observed in the 
current and previous studies for the execution of foot-related 
actions to environmental layouts framed from a far/wide/
panoramic vs. near/close/restricted distance in the extraper-
sonal space (“macro-affordance”) is based on implicit coding 
of environmental affordances. At the interpretational level, 
based on the neurophysiological model of the “affordance 
competition hypothesis” (Cisek, 2007; Cisek & Kalaska, 
2010) and the theorization of primary-process motivational 
systems, we propose that the macro-affordance effect might 
be thought of as a fingerprint of the evolutionary-based seek-
ing disposition finalized to the exploration and navigation of 
our surrounding natural environment.
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