
Cognition 260 (2025) 106122

A
0

 

Contents lists available at ScienceDirect

Cognition

journal homepage: www.elsevier.com/locate/cognit  

Full length article

Kinematics in context: Predicting other’s action intentions entails the 

perception of affordances
Ayeh Alhasan a ,∗, Eyal Karin a, Nathan Caruana b , Emily Cross c, David Kaplan a ,
Michael J. Richardson a
a School of Psychological Sciences, Macquarie University, Sydney, 2109, NSW, Australia
b College of Education, Psychology and Social Work, Flinders University, Adelaide, 5001, South Australia, Australia
c Department of Humanities, Social and Political Sciences, ETH Zürich, Zürich, 8092, Switzerland

A R T I C L E  I N F O

Dataset link: https://osf.io/4dj9r/
Keywords:
Intention
Intention prediction
Action prediction
Action observation
Action understanding
Kinematics
Environmental-context
Affordances

 A B S T R A C T

Intention prediction is essential for successful social interaction, but traditional research focusing solely on 
movement kinematics often overlooks the array of action possibilities in natural settings. This study employs 
a mixed-methods approach to explore intention prediction, analysing free-text responses from participants 
who watched videos of an actor reaching for a cup, bottle, or spoon, each with a distinct intention. Each 
video included varied environmental contexts to suggest specific intentions (e.g., full cups for drinking, 
empty cups for clearing) or presented ambiguous contexts (e.g., half-full cups). We found that participants’ 
intention predictions depended on the variety of action possibilities presented by both kinematics and context. 
Participants tended to identify the primary action possibility of the grasped item as the intended action 
when both kinematics and context supported its feasibility. Predictions diversified when kinematics or context 
suggested that the object’s primary action was less likely. Our findings suggest that while intention predictions 
can sometimes be inaccurate, they align with the (most functional) action possibilities (i.e., affordances) 
indicated by the actor’s movements within a given context.
1. Introduction

Understanding how people discern, predict, and act on the in-
tentions of others has been a long-standing area of research in the 
neurocognitive and psychological sciences. The importance of intention 
recognition for effective social interaction and teamwork (Helm et al., 
2020; Knoblich & Sebanz, 2008; Williams, 2009; Williams & Jackson, 
2019), as well as its relevance in the development of robust human–
machine systems (Kim et al., 2017; Lin & Lukodono, 2021; Tahboub, 
2006; Zhang et al., 2019), has continued to drive research in this 
domain over the past several decades. Although a significant body 
of this research has focused on neurocognitive processes that support 
action observation and intention prediction (Caligiore et al., 2013; 
Kilner, 2011; Rizzolatti et al., 2014), identifying what information 
most accurately reveals the intentions of others has been of equal 
importance (Becchio et al., 2018; Johansson, 1973; McEllin et al., 2018; 
Runeson & Frykholm, 1983; Stapel et al., 2012).

Of particular relevance here is the growing body of research show-
ing that the way people or objects move in space (i.e., their kinematics) 
offers valuable information about the motor intention or action goal 
of an individual – e.g., reaching to grasp and drink from a cup on 
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the table – (Becchio et al., 2018; Cavallo et al., 2016; Manera et al., 
2010; Runeson & Frykholm, 1983). Observers can often detect this 
information and in certain situations use it to predict actions before 
they are completed, including discerning deceptive intentions (Elsner 
et al., 2012; Manera et al., 2010; Runeson & Frykholm, 1983; Sebanz 
& Shiffrar, 2009). Such studies frequently employ simplified stimuli like 
point-light displays, which record movements using motion-tracking 
markers, small lights, or reflective stickers placed on crucial points of 
an actor’s body and limbs, so that observers can focus solely on bodily 
motion without further contextual details (Johansson, 1973; Runeson 
& Frykholm, 1983).

Although research on how kinematics reveal others’ intentions has 
emphasized the importance of movement kinematics for predicting 
intentions, numerous studies have also shown that individuals often 
struggle to accurately predict the intentions of others based solely on 
kinematic information (Naish et al., 2013; Rutkowska et al., 2021). This 
is due to the fact that movement kinematics and intentions typically 
exhibit a many-to-many relationship (Bach et al., 2005; Baird, 1999; 
Baldwin & Baird, 1999; Clark, 2016; Csibra, 2008; Jacob & Jeannerod, 
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2005; Kilner et al., 2007; Malle et al., 2001; Searle, 1984; Thompson 
et al., 2019; Uithol et al., 2011). For instance, the same kinematics, 
such as reaching out to grasp a cup, can reflect multiple intentions, in-
cluding drinking, pouring, moving, cleaning, passing, or even throwing. 
Conversely, the same intention (e.g., drinking water) can be realized 
in various ways, such as by grasping and lifting a cup or a bottle, 
from a tap, or water cooler, or by opening one’s mouth in the rain. 
For kinematics alone to unambiguously specify an action intention, 
there would need to be a one-to-one mapping between each distinct 
movement pattern and specific action intention.

Since no such one-to-one mapping exists between movement kine-
matics and intentions, it becomes essential to consider the environ-
mental context in which these movements occur. The degree to which 
movement kinematics specify the intentions of another agent in real-
life scenarios depends on the number of action possibilities that a 
given environmental context affords them (i.e., the number of affor-
dances) (Gibson, 1979; Mark et al., 2015; Marsh et al., 2006; Richard-
son et al., 2010, 2008; Turvey, 1992). In other words, the fewer 
action possibilities a given context offers, the greater the specificity of 
movement kinematics for predicting action intentions. By contrast, the 
greater the number of action possibilities within a given context, the 
less specific the movement kinematics will be for predicting intentions. 
Thus, while point-light displays and related paradigms are suitable for 
testing hypotheses about the isolated role of kinematic information 
in intention prediction, these paradigms cannot address how both 
kinematic and contextual information might collectively determine our 
ability to predict others’ action intentions.

Not surprisingly, the critical role of environmental or contextual 
information for predicting the intentions of others has been demon-
strated in numerous studies (e.g., Azaad and Sebanz 2023, Iacoboni 
et al. 2005, Stapel et al. 2012). Many of these studies, however, have 
relied on still images to present participants with either context-only 
information (e.g. image of objects in a scene) or context combined 
with the end-state grasp configuration (e.g. hand grasping a mug by 
the handle) (e.g., Boria et al. 2009, Ortigue et al. 2010, Uithol et al.
2023), thereby neglecting the influence of kinematic information on 
intention prediction. Although, more recent studies have attempted to 
investigate the role of kinematic information in context using reach-
to-grasp videos (for e.g., Amoruso et al. 2018, Amoruso and Urgesi
2016, Betti et al. 2022, Finisguerra et al. 2020), these studies often 
truncate the videos just before contact with the object (i.e., excluding 
the end-state grasp configuration information), focusing exclusively 
on pre-contact kinematics (for an exception, though, see Naish et al.
2013). The latter approach is predicated on the assumption that the 
end-state grasp configuration specifies the intention (e.g., Boria et al.
2009, Ortigue et al. 2010, Spunt and Adolphs 2014, Uithol et al.
2023), while kinematics primarily offer prospective information about 
this end-state. To date, however, no research has directly assessed 
this assumption, and it remains unclear whether observing an ac-
tor’s movements (i.e. kinematics) as well as their end-state limb or 
end-effector (e.g., grasp) configuration provides additional information 
about intentions beyond what is available from the end-state grasp 
alone.

Finally, previous work investigating the ability of observers to 
predict the action intentions of others has almost exclusively relied 
on a two-alternative forced choice (2AFC) design (e.g., Amoruso et al.
2016, 2018, Amoruso and Urgesi 2016, Cavallo et al. 2016, Koul 
et al. 2019). This approach, which provides participants with a binary 
choice between two possible action outcomes, might oversimplify the 
task of predicting intentions (e.g., Järvilehto 1998, Yeshurun et al.
2008). The use of a 2AFC paradigm narrows the range of possible 
actions (affordances) available for the participants to choose from, and 
does not accurately reflect the many-to-many relationships between 
movement kinematics, contextual information, and action intentions. 
Provided with two choices and two distinct kinematic profiles, par-
ticipants might simply associate each option with the most sensible 
2

kinematic presentation. Consequently, this paradigm might not provide 
a comprehensive view of the full range of determinants of action inten-
tion predictions. What is needed is an exploration of how kinematics 
and context (kinematics-in-context) information operate together to 
specify the action intentions of others.

1.1. Current study

The primary objectives of the current study were twofold. First, this 
work examined the widely held but empirically untested assumption 
that the end-state grasp configuration of a reaching action was the 
most informative for predicting intentions. We did this by investigating 
how participants’ responses varied as a function of the type of stimuli 
used (still images vs. videos). The second and more important aim, was 
to explore the diversity of responses and types of intentions predicted 
when participants were allowed to respond freely, rather than being 
constrained by a forced-choice 2AFC design.

To address these objectives, the current study utilized a reach-to-
grasp paradigm (Amoruso et al., 2016, 2018; Amoruso & Urgesi, 2016; 
Cavallo et al., 2016; Koul et al., 2019). Importantly, both the action in-
tentions of an actor and the environmental context were systematically 
manipulated. Participants observed a hand reaching to grasp a cup, 
bottle, or spoon (see Fig.  1 for examples of the cup and bottle stimuli). 
The actor’s intention was to drink, pour, eat, or clear the table with 
only three possible intentions assigned to each object. Videos showed 
the reaching kinematics including grasp. An ambiguous kinematics 
condition was also included, in which participants viewed a hand 
being placed on the table without a clear object-directed intention. 
The environmental context was manipulated to produce three different 
contexts for each item. Two contexts indicated one intention over the 
other (e.g., full cups indicating the intention to drink), while a third 
context was ambiguous by allowing either intention to unfold (e.g. half-
full cups indicating the intention to drink or clear). The combination 
of the three intentions and three contexts resulted in nine unique 
conditions per object.

To explore the role of kinematics in intention prediction, three 
types of stimuli were presented to participants: (1) images of con-
textual scenes before action (i.e., context-only; pre-image), (2) im-
ages of the end-state configuration of the hand and context at grasp 
(i.e., context and end-state grasp; post-image), and (3) video clips of 
the reaching kinematics up to and including the grasp (i.e., context, 
end-state grasp and kinematics; video). By manipulating the stimulus 
types, we aimed to understand whether kinematics provide additional 
intention-specifying information beyond that offered by the end-state 
of a grasping action.

The current study adopted an exploratory approach, with the goal 
of examining whether there were patterns in participants’ responses 
and whether these patterns generate insights into the degree to which 
contextual and kinematic information potentially moderate intention 
predictions. Although no hypotheses were defined a priori, we did 
anticipate that the richness and diversity of responses will provide a 
more comprehensive understanding of how individuals predict inten-
tions from observed actions across varying conditions. And, in turn, 
highlight the methodological challenges associated with relying on 
2AFC responses and kinematic or context free stimuli.

2. Method

2.1. Ethics

All procedures implemented in this study were approved by the 
Macquarie University Human Research Ethics Committee (ID: 2970). 
Participants gave their informed consent to participate in this study 
prior to participation.
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Fig. 1. End-state configurations of the nine different stimuli conditions for (a) the Cup and (b) the Bottle stimuli. Images from left to right depict different action intentions: 
the actor drinking from the cup, pouring from the bottle, clearing the table, or placing his hand on the table. Images from top to bottom illustrate the manipulation of environmental 
context, with cups being almost full, half full, or almost empty. These images reflect the exact visual stimuli presented to participants.
2.2. Participants

Participants were recruited using an online participant recruitment 
service, Prolific. A total of 120 participants were initially recruited for 
this study. Participation was open to all countries available on Prolific, 
but restricted to those individuals fluent in English. To ensure appro-
priate stimulus presentation, only participants who met the following 
criteria were recruited: (1) using laptops or desktops to complete the 
study, (2) had a stable internet connection with a PING of less than 
50 ms and more than 15 mbps download speed. Additionally, we 
aimed to ensure minimal lag in video presentation. To do so, trials 
that exceeded the expected clip duration by more than 800 ms were 
flagged. Participants with more than 10 flagged trials were excluded. 
This resulted in the exclusion of 18 participants. Two more participants 
were excluded for providing responses in languages other than English. 
This resulted in a total of 100 participants, divided equally into two 
condition groups, with 20 females and 30 males in the pre-image/video 
3

stimulus condition and 23 females and 27 males in the pre-image/post-
image stimulus condition (see below for details about the stimulus 
conditions).

2.3. Stimuli

2.3.1. Intention
The intended action of the actor used to create the stimuli for the 

current study was manipulated by asking the actor to perform three dif-
ferent actions. The first two actions were object-directed: one (intention 
A) involved the actor grasping the cup, bottle, or spoon to drink, pour, 
or eat, respectively, and the other (Intention B) involved removing 
the object from the table. The actor was instructed to grasp the item 
naturally, in the manner they deemed appropriate for achieving the 
intended goal. The third action (Intention C) was a non-object-directed 
action, with the actor being asked to place their hand on the table next 
to the object (i.e., cup, bottle, spoon). This manipulation resulted in 
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kinematic and end-state profiles that were either more predictive of a 
specific, object-directed action intention (intentions A and B) or not 
predictive of any specific object-directed action intention.

2.3.2. Context
For each intended action, we varied the contextual information by 

changing the action-specificity of the environmental scene. With each 
item, the environment was designed to specify Intention A, Intention B 
or not specify either intentions by equally affording both. For the cup, 
we varied the context between (1) cups full of juice and plates with 
cookies, (2) half-full cups and half-eaten cookies with cookie crumbs, 
and (3) almost empty cups and plates with cookie crumbs (see Fig.  1(a), 
top). For the bottle, we had a scene with a bottle and cups and a more 
subtle context manipulation where we manipulated the cups, rather 
than the bottle, to have (1) almost empty cups, (2) half-full cups and 
(3) almost full cups (see Fig.  1(b), bottom). For the spoon, the context 
varied between (1) a full bowl and fresh lemon, (2) a half-full bowl and 
squeezed lemon, and (3) an almost empty bowl and squeezed lemon 
(see Supplementary Material (Figures) for examples of the spoon and 
bowl stimuli).

It should be noted that the contexts were designed to always afford 
and render plausible the actor’s intended action. For instance, in con-
texts specifying an intention to clear, cups were depicted with a small 
amount of juice remaining, making the intention to drink still possible. 
This enabled an investigation of how participants predict someone’s 
intentions at the point of grasp, given contextual information that made 
their intended action seem improbable but not impossible.

2.3.3. Stimulus type: Video clips and pre- and post-images
Video clips were recorded using a Zoom Q3HD video recorder and 

edited using a custom MATLAB code to begin 1 s before movement 
onset and end at the point of grasp completion. Each clip ranged in 
duration between 2–3 s. The actor who was recorded was a 36-year-old 
male, who was naive to the purpose of the study.

From the video recordings, images of the first frame of each unique 
context scene were extracted, captured before the start of the reach-
to-grasp action. In these pre-images, the actor’s hand was in a resting 
position on the table, close to his torso. Each image was displayed for 
2 s. The post-images corresponded to the final frame of each video, 
where the actor’s hand was in its end-state, either grasping the items 
or placed on the table next to the item and away from his torso. 
Fig.  1 illustrates an example of the nine stimuli conditions from the 
post-images for the cup and bottle.

Note that the post-images and clips across three action intentions 
and three environmental contexts resulted in nine stimulus conditions 
per object, whereas the pre-images only corresponded to three stimuli 
conditions, one for each environmental context (i.e., action intention, 
movement, or end-state configuration were irrelevant for pre-images).

All stimuli used in the study are available on OSF (https://osf.io/
4dj9r/) (Alhasan et al., 2024).

2.4. Procedure

The study used Qualtrics (https://www.qualtrics.com) to present 
stimuli and record the responses of the participants. As noted above, 
participants were pseudo-radomly assigned one of two stimulus con-
dition groups. In each group, the participants viewed two blocks of 
trials. In the first block of trials, both groups were presented with 
the pre-image stimuli. After each image, participants were asked to 
answer the following question: ‘What is this person’s intent?’ Responses 
were collected in free text format. For the second block of trials, one 
group viewed the post-image stimuli, while the other group viewed the 
video stimuli. After each image or video stimulus in the second block, 
participants were again asked: ‘What is this person’s intent?’ The order 
of stimuli was randomized within each trial block and participants were 
presented with each unique stimulus only once. Note that a detailed 
4

kinematic analysis of the video stimuli was not performed, as pilot 
studies verified that the different intentions consistently produced three 
distinct observable kinematic patterns (e.g. grasping the cup from the 
side, grasping from the top, or placing the hand on the table).

2.5. Response coding and statistical analysis

In this study, a mixed-method approach (Creswell & Clark, 2017; 
Teddlie & Tashakkori, 2003) was employed to analyse participant 
response data. This approach effectively combines the detailed ex-
ploration of qualitative data collection with the systematic rigour of 
quantitative analysis, allowing for an in-depth examination of the 
various types of responses and clusters.

The analysis followed a structured sequence beginning with the 
initial coding of participant responses to extract the main verbs and 
verb statements. This was followed by a frequency analysis to identify 
unique verbs across different conditions, visualized using Sankey dia-
grams and word clouds. Generalized Linear Models (GLM) were used 
to quantify the effect of the stimulus type (pre-image, post-image or 
video) on the number of unique verbs, providing a measure of variance 
in participants’ predictions.

Responses to the video stimuli were then classified into object-
directed and non-object directed intentions, further subdivided into 
lower-order and higher-order intentions (Wagman et al., 2018) and 
verb clusters were identified (full cluster classification is detailed be-
low). A secondary coding applied this classification schema to the 
identified verbs, and the frequency data were converted to propor-
tions for detailed analysis. Finally, Generalized Logistic Mixed Random 
Effects Models (GLME) were used to quantify the effects of inten-
tion and context on response likelihood, providing a comprehensive 
understanding of participants’ predictions of others’ intentions.

2.5.1. Initial coding
The responses of participants were first manually coded by an ex-

perimenter (the first author of the study) and a paid research assistant, 
who was blind to the purpose of the study. Each coder extracted the 
main verbs and verb statements from the participants’ responses. In 
cases where responses included more than one intention (e.g., ‘to eat 
and drink’), each verb was coded as a separate intention. Missing data 
was kept to a minimum through survey design features that allowed 
participants to type freely and required minimal response to progress.

2.5.2. Frequency analysis
To compare the range of responses across the different stimulus 

types (pre-images, post-images, videos), a frequency analysis was first 
performed for each condition (action intention 𝑥 environmental con-
text) for each object (cup, bottle, spoon) to identify the unique verbs 
and the number of times each verb appeared in participant responses 
for each stimulus type. Sankey diagrams were used to identify the 
differences in response type and variance for the different conditions, 
items and types of stimuli (see Fig.  2). Word clouds were also created 
to illustrate the distribution of responses for each condition within the 
video stimuli (see Fig.  4 and Supplementary Material (Figures)).

2.5.3. Classification
Based on a preliminary analysis of Sankey diagrams and word 

clouds, the participant’s responses were then classified into two main 
groups: object-directed and non-object directed intentions. Responses un-
der object-directed intentions were split further into lower-order inten-
tions, describing the immediate action with the object (e.g., grasping 
a cup, picking up, holding, moving a bottle) all grouped into a single 
‘Move Object’ cluster, and higher-order intentions, which refer to the 
broader goal of the actor’s action (e.g., to drink, eat, pour), classified 
into four clusters: ‘Drink’, ‘Fill/Pour’, ‘Eat’, and ‘Clean’. For non-object 
directed intentions, participant responses were similarly divided into 
lower-order intentions, outlining the physical movement of the body 

https://osf.io/4dj9r/
https://osf.io/4dj9r/
https://osf.io/4dj9r/
https://www.qualtrics.com
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Fig. 2. Sankey diagrams illustrating the main differences in responses to pre-image, post-image and video stimuli for (A) Cup and (B) Bottle stimuli. These diagrams 
illustrate variations in the convergence of predicted intentions when participants were presented with action kinematics versus still images.
(e.g., standing up, moving closer, moving away) collected under the 
‘Move Body’ cluster, and higher-order intentions, indicating the pre-
sumed purpose behind the body movement (e.g., to rest, talk, leave), 
sorted into four clusters: ‘Rest’, ‘Talk’, ‘Leave’, and ‘Signal’. Finally, 
three other clusters were identified that covered responses that indi-
cated that the participant was unsure of the intention, that there was 
no intention visible, or any other random response that did not fit in 
any other cluster: ‘Unsure’, ‘None’, and ‘Other’.

2.5.4. Secondary coding and proportion analysis
The same experimenter and paid research assistant (still blind to the 

purpose of the study) then used this classification schema to classify 
each of the verbs and verb statements identified from the participants’ 
5

responses. A second frequency analysis was then performed to identify 
the number of times a response fell within each cluster for each 
condition (action intention 𝑥 environmental context) and object (cup, 
bottle, spoon). The frequency data were then converted to proportions 
of (frequency of each verb/total frequency per condition) for analysis 
and plotting (see Figs.  3 and 4).

2.5.5. Statistical modelling
Based on a preliminary assessment of the data collected, two dif-

ferent sets of statistical analyses were conducted. The first, analysed 
the effect of stimulus type on the variability of participants’ responses, 
measured by the frequency of unique verbs, using a generalized linear 
model (GLM) with a Poisson distribution and a log-link function for 
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Fig. 3. Frequency analysis displaying the proportion of clusters per item. Pro-
portions reveal a consistent distribution of clusters across all conditions. The most 
frequently predicted cluster consistently corresponds to the item’s primary action 
possibility.

each object. An offset term, 𝑙𝑜𝑔(𝑛), was included to account for the num-
ber of participants across each level, allowing the model to estimate 
rates while accounting for the total number of participants.

For this first analysis, an increased number of verbs indicated 
divergence in the type and variance of intentions predicted, while a re-
duction in the number of verbs indicated convergence in both type and 
variance. This analysis was complemented with the Sankey diagrams, 
which presented the proportions, types and number of different verbs 
(see Fig.  2 for illustrative examples, and the Supplementary Material 
(Figures) for all Sankey diagrams).

Although the models included main effects and higher-order in-
teraction effects for stimuli type, context, and intention per object, our 
primary interest was the main effect of stimulus type which deter-
mines the degree to which kinematic information (i.e., from videos) 
influenced participants intention predictions compared to observing the 
actors end-state configuration alone (i.e., post-images); see below for 
more details. Where significant effects of stimulus type were observed, 
pairwise contrasts between the different stimuli types were estimated 
using the emmeans package in R (Lenth, 2023).

The second statistical analysis then examined the effects of intention 
and context on responses to video stimuli only, aiming to uncover how 
the combined manipulations of kinematic and contextual information 
influence participants’ responses. Responses to videos were rearranged 
into five clusters that capture the majority of participant responses 
(i.e., ‘Drink OR Pour OR Eat’, ‘Clean’, ‘Move-object’, ‘Non-object di-
rected’, ‘Other’). Generalized logistic mixed random effects models 
(GLME) were used to analyse the responses from the five clusters as 
a function of intention and context for each object. All models were 
defined with maximally defined random-factor structures, including 
random intercepts for each subject (Barr et al., 2013), and specified 
a binomial distribution with a log-link function. Specifically, we evalu-
ated evidence for the effects of Intention, Context, and their interaction 
on the likelihood that participants’ responses would fall within any 
of the five clusters. The maximum likelihood estimation method was 
implemented in these analyses using the lme4 package in R (Bates et al., 
2015), and p-values for the main effects and overall interaction were 
estimated using the car package (Fox & Weisberg, 2019). We then used 
the emmeans package to estimate the mean probabilities per condition 
for each cluster based on our models (Lenth, 2023).

All of the above analyses were performed using R. All data and all 
analysis codes used for the study (including descriptions of any mod-
elling decisions made) can be found on OSF (https://osf.io/4dj9r/) (Al-
hasan et al., 2024).
6

3. Results

Complimentary findings were observed across all three objects, with 
all three objects indicating that the variety and types of participants’ 
predictions would systematically vary as a function of the stimuli 
type (pre-image, post-image, and video-clip) and the corresponding 
kinematic-in-context information the different stimuli entailed. For 
brevity, results for the cup and bottle analyses are presented here, with 
the results for the spoon stimuli provided in the OSF (Alhasan et al., 
2024). Furthermore, although summary diagrams and plots that best 
illustrate the key findings are presented here, detailed Sankey diagrams, 
word clouds, and histogram plots for all conditions and objects are 
provided in Supplementary Material (Figures).

3.1. Stimuli type: Pre-image, post-image and video-clip differences

In this section, we present our key findings regarding the main effect 
of stimuli type and its estimated pairwise comparisons. To maintain 
brevity and focus on the most salient results, we outline only the critical 
results here. Full details of the models and comprehensive results can 
be found in Supplementary Material (Stimuli Type Analysis).

3.1.1. Cup
Our analysis of the convergence and divergence of responses, char-

acterized by the number of unique verbs per condition, revealed sig-
nificant main effect of stimuli type (𝑋2(2) = 21.66, 𝑝 < .0001). Esti-
mated pairwise comparisons revealed that, overall, post-image stimuli 
elicited more varied responses than both pre-image (𝑝 = .003) and
video (𝑝 < .0001) stimuli. This indicates that, overall, the number 
of unique verbs participants responded with was larger for the post-
image stimuli compared to pre-image and video. For example, in the 
condition where the actor reached for an empty cup to drink (Fig.  2A 
top), 32 verbs were used to describe the actors intention when they 
viewed post-images compared to 22 for pre-images and 18 for video-
clips. Similarly, when the actor reached for a half-full cup to clear (Fig. 
2A middle), there were 34 verbs for post-images compared to 24 and 15 
for pre-images and video-clips respectively. Also, when the actor placed 
their hand next to an almost empty cup (Fig.  2A bottom), there were 
37 verbs for post-images compared to 22 and 27 for pre-images and 
videos respectively. Therefore, our results indicate that, overall, for the 
cup scenario the information available from the end-states decreased 
the specificity of the intention as illustrated by the larger number of 
possible actions predicted compared to the information available from 
the context only stimuli or the stimuli including kinematics.

Our estimated pairwise comparisons further reveal a non-significant 
difference between the pre-image and video stimuli (𝑝 = 0.266). How-
ever, although the difference in the number of unique verbs between 
pre-image and video stimuli did not reach significance, our Sankey 
diagrams reveal a difference in the most predicted type of intention 
(intention with the highest proportion). For example, for the condition 
where the actor reached for an empty cup to drink (Fig.  2A top), 
although responses consisted of comparable numbers of unique verbs 
between pre-image and video stimuli (22 and 18 respectively), there 
was an evident change in the most predicted intention from 37.10% 
‘Clean’ predictions for pre-images to 40.32% ‘Drink’ for video-clips. 
Similarly, when the actor reached for the half-full cup to clear (Fig.  2A 
middle), the most predicted intention changed from 19.35% ‘Drink’, 
17.74% ‘Eat’ and 14.52% ‘Clean’ for pre-images to 45.16% ‘Drink’ 
and 17.74% ‘Move-object’. This indicates that kinematic information 
specified a different type of intention than context alone.

https://osf.io/4dj9r/
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3.1.2. Bottle
Similar trends were noticed in the analysis of the convergence 

and divergence of responses for the bottle, with a significant main 
effect of stimuli type (𝑋2(2) = 24.107, 𝑝 < .0001). Estimated pairwise 
comparisons revealed that, overall, post-image (𝑝 = 0.0001) stimuli 
and video (𝑝 = 0.0012) stimuli elicited more varied responses than
pre-image stimuli. This indicates that the number of unique verbs 
participants responded with was larger for the post-image and video 
stimuli compared to pre-image. For example, in the condition where 
the actor grasped the bottle to pour into an almost full cup (Fig.  2B 
top), the number of verbs for post-image and video stimuli were 31 
and 28 respectively, compared to 13 for pre-image. Similarly, when 
he grasped the bottle to clear from the table next to full cups (Fig. 
2B middle), there were 33 and 26 verbs for the post-image and video 
stimuli respectively, compared to 13 for the pre-image stimuli. Also, 
when the actor placed their hand next to the bottle with half-full 
cups (Fig.  2B bottom), there were 30 and 34 verbs for post-image 
and video respectively, compared to 20 for pre-image. Therefore, our 
results indicate that, overall, for the bottle scenario the information 
available from the end-states and kinematics decreased the specificity 
of the intention as illustrated by the larger number of possible actions 
predicted compared to the information available from the context only.

Our estimated pairwise comparisons further reveal a non-significant 
difference between the post-image and video stimuli (𝑝 = 0.729). 
Again, although the difference in the number of unique verbs between 
post-image and video stimuli did not reach significance, our Sankey 
diagrams reveal a difference in the most predicted type of intention. 
For example, for the condition where the actor placed their hand next 
to the bottle with half-full cups (Fig.  2B bottom), although responses 
consisted of 30 and 34 unique verbs for post-images and video-clips 
respectively, there is an evident change in the predominantly predicted 
intention from 27.43% ‘Drink’ for post-image to 11.29% ‘Wait’, 9.68% 
‘Rest’ and 9.68% ‘Ask’ for videos. Similarly, when the actor grasped the 
bottle to pour into an almost full cup (Fig.  2B top), there is an evident 
change in the predominantly predicted intention from 19.87% ‘Drink’ 
and 14.75% ‘Put-down’ for post-image, to 9.84% ‘Drink’, 9.84% ‘Pour’ 
and 9.84% ‘Put-away’ for videos. This, again, indicates that kinematic 
information specified a different type of intention than the end-state 
grasp configuration.

3.2. Kinematic (video) context differences and classification analysis

The above findings suggest that the kinematic information (video) 
influenced participants’ judgements by resulting in both different types 
of intentions and different numbers of verbs being reported, reflecting 
either a narrower or broader range of perceived action possibilities, 
when compared to responses to context-only (pre-image) and context 
and end-state information (post-image). Consequently, given that the 
combination of kinematic, end-state and contextual information pro-
vided different responses, the subsequent sections of the results focus 
on the predictions from the video stimuli, as it is more resonant with 
our day-to-day experience.

We were predominantly interested in identifying the main trends 
in participants’ responses to the nine different (intention 𝑥 context) 
conditions to identify how they compare to the actor’s actual inten-
tion and what they inform us about how participants make these 
predictions. As previously detailed under the Response Coding and 
Statistical Analysis section, participants responses to video stimuli were 
clustered into 13 total clusters by semantic meaning as illustrated in 
Fig.  3, namely: ‘Move Object’, ‘Move Body’, ‘Drink’, ‘Fill’, ‘Eat’, ‘Clean’, 
‘Leave’, ‘Rest’, ‘Signal’, ‘Talk’, ‘Unsure’, ‘None’, ‘Other’. A frequency 
analysis was then performed to identify the clusters that dominated the 
responses to each condition. Additionally, GLME models were used to 
analyse the effects of both the actor’s intention and the environmental 
context on the probability that participants would respond with one 
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of the following responses: ‘Drink (for cup)/Pour (for bottle)’, ‘Clear’, 
‘Non-object-directed’, ‘Move-object’, ‘Other’.

Before detailing these results, however, it is important to note 
that if one defines the actor’s manipulated intentions as the ‘‘cor-
rect’’ response, and assess the participants’ ‘‘accuracy’’ in predicting 
the object-directed intentions for the video condition (i.e. accuracy 
excluding the ambiguous intention to place-hand on table, and only 
considering the two object-directed intentions), the accuracy rates are 
found to be 47.11% for the cup stimuli and 33.54% for the bottle 
stimuli. In other words, participants were not highly accurate in pre-
dicting the actor’s manipulated object-directed intentions even for the 
video stimuli. However, as evident in Fig.  3, this analysis also revealed 
that participants’ responses demonstrate an overarching pattern that 
spans across items. It is evident that participants often judged the 
actor’s intentions in terms of the objects’ primary action possibilities 
or their designed function. More specifically, in the cup condition, 
the most commonly reported verb predicting intentions was ‘Drink’, 
comprising 37% of all responses. Similarly, in the bottle condition, the 
most commonly reported intention was ‘Fill/Pour’, comprising 36% of 
responses. Recall that ‘Drink’ and ‘Fill/Pour’ were classified here as 
higher-order object-directed intentions. Interestingly, the second most 
commonly reported verb (intention) for each object also consistently 
fell within the ‘Move-object’ cluster, comprising 19% of responses on 
average.

In the following sections, the results of the frequency analyses and 
GLME models for each item are detailed.

3.2.1. Cup
Frequency Analysis

When the actor reached for a full or half-full cup with the intention 
to either drink or clear, the predominant intention prediction was 
‘Drink’ regardless of the actor’s enacted intention. However, more 
specifically and as evident from Fig.  4a, when the actor’s intention was 
to drink, 89% of responses indicated ‘Drink’ and predictions fell within 
only 2 clusters of verbs used overall to describe the actor’s intention for 
both full and half-full cups. In contrast, when the actor’s intention was 
to clear, only 46% to 48% of responses indicated ‘Drink’ and predictions 
fell within 4 to 6 clusters of verbs. Furthermore, when the actor’s 
intention was to clear, around 37% of responses indicated ‘Move-object’ 
which refers to ‘what’ the actor was doing rather than ‘why’ (e.g. grab, 
grasp, pick-up, hold). In contrast, only 11% of responses indicated 
‘Move-object’ when the actor’s intention was to drink. This observation 
suggests that there was a lower probability of making predictions 
of higher-order intentions when the actor’s kinematics reflected the 
intention to clear with both full and half-full cups compared to the 
actor’s intention to drink. Together, these results indicate that although 
the most probable prediction under these conditions was to ‘Drink’, 
participants were also sensitive to the different kinematics and to the 
different action possibilities afforded when the actor intended to clear. 
However, the kinematic and contextual information provided by the 
actor’s intention to clear full or half-full cups at grasp did not clearly 
specify an alternative higher-order intention.

Furthermore, when the actor reached for an almost empty cup to 
either drink or clear the predominant intention predictions aligned with 
the actor’s enacted intention. Specifically, when the actor’s intention 
was to drink, 53% of responses indicated ‘Drink’ and predictions fell 
within 5 clusters of verbs. Whereas, when the actor’s intention was to 
clear, 42% of responses indicated ‘Clean’ and predictions fell within 
9 clusters of verbs. This indicates that the most predicted intentions 
aligned with the actor’s actual intention. However, when the actor’s 
intention was to clear the almost empty cup, 33% of responses indicated 
‘Move-object’ compared to 15% when the intention was to drink. The 
higher percentage of lower-order intention predictions and wider range 
of clusters again indicate a reduced probability of making higher-
order intention predictions. This further indicates that there was less 
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Table 1
Result of GLME model for the effect of Intention and Context for Cup.
 Cluster Intention Context

 𝑋2(2) 𝑝-value 𝑋2(2) 𝑝-value 
 Drink 47.23 <.001* 24.63 <.001* 
 Move-object 20.21 <.001* 0.53 0.766  
 Clean <0.001 0.999 <0.001 0.999  
 Non-object-directed 33.36 <.001* 0.00 1.000  
 Other 0.11 0.945 <0.001 0.999  
* 𝑝 < 0.05.

intention specifying information when the kinematics reflected the 
intention to clear with an almost empty cup compared to the intention 
to drink. It is also evident that participants predicted a larger number 
of action possibilities when the cup was almost empty compared to 
when the cup was either full or half-full and the actor reached to 
the cup to either drink or clear. This indicates that the kinematic and 
contextual information provided by the actor’s intention to drink or 
clear empty cups did not specify the actor’s intention as much as the 
relative conditions with full or half-full cups.

Finally, when the actor placed his hand on the table next to the cup, 
the average number of clusters featured in responses was larger than 
that observed when the actor’s intention was to drink or clear, across 
all contexts (full, half-full, or empty cups). The predominant intention 
prediction, however, aligned with the actor’s non-object directed nature 
of intention. More specifically, when the actor’s intention was to place 
hand-on-table with a full cup, 32% of responses indicated ‘talk’ and 
predictions ranged across 9 clusters of verbs. Additionally, when the 
cup was either half-full or almost empty, 29% to 34% of responses 
respectively indicated ‘rest’, and predictions ranged across 10 and 8 
clusters of verbs. The equally wide range of intention prediction clusters 
across contexts demonstrate that intentions were under-specified by the 
kinematics in all three contexts, making it less likely that responses 
converge onto a specific intention since these conditions allow for 
a wide range of action possibilities. However, it is evident that the 
kinematics were indeed informative of the directionality of the actor’s 
intention. We notice that 74.67% of predictions on average were non-
object directed when the actor’s intention was to place hand on table 
compared to only 1.67% when the actor’s intention was to drink or 
clear across all contexts.

Effects of Intention and Context. To quantify the effect of In-
tention and Context the data was re-clustered into five main clusters: 
three clusters presented the actor’s actual intention (Drink, Clean, Non-
object-directed), lower-order ‘what’ intentions (Move-object), and any 
other intention (Others) (see Fig.  5a for illustration). Using GLME mod-
els we analysed the effect of Intention and Context on the probability 
that participants’ responses would fall into each cluster. As can be 
discerned from an inspection of Table  1, this analysis revealed that 
the probability that participants would predict the actor’s intention as 
Drink, Move-object or perform a non-object directed action varied as 
a function of the actor’s intention and kinematics. This is illustrated 
in Fig.  4a by higher Drink responses when the actor’s intention was to 
Drink compared to Clear or place hand-on-table, higher Move-object 
responses when the actor’s intention was to Clear compared to Drink 
or place Hand-on-table, and higher non-object-directed responses when 
the actor’s intention was to place hand-on-table compared to Drink or 
Clear. The contextual manipulation also only had a significant effect on 
the probability that participants would make Drink predictions. This 
is evident in the higher Drink predictions when the cup was full and 
half-full compared to when it was almost empty. The probability that 
participants would make Clean or any Other prediction did not differ 
significantly as a function of either intention or context. Additionally, 
the probability that participants would predict an alternative object-
directed higher order intention other than Drink was significantly 
low (difference between the probability of Drink vs. Clean responses 
𝑋2(1) = 92.57, 𝑝 < .001; Drink vs. Other responses 𝑋2(1) = 110.54, 𝑝 <
.001).
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Table 2
Result of GLME model for the effect of Intention and Context for Bottle.
 Cluster Intention Context

 𝑋2(2) 𝑝-value 𝑋2(2) 𝑝-value 
 Pour/Fill 42.43 <.001* 40.69 <.001* 
 Move-object 5.54 .063 8.89 0.011*  
 Clean 1.14 0.564 13.83 0.001*  
 Non-object-directed 27.79 <.001* <0.001 0.999  
 Other 3.50 0.174 9.11 0.010*  
* 𝑝 < 0.05.

3.2.2. Bottle
Frequency Analysis

When the actor reached for the bottle next to almost empty or half-
full cups with the intention to either Pour or Clear, the predominant 
intention prediction was ‘Fill/Pour’ regardless of the actor’s enacted 
intention. Specifically, as illustrated in Fig.  4b, when the actor’s in-
tention was to Pour, 74% and 69% of responses indicated ‘Fill/Pour’ 
when the cups were empty or half-full, respectively, and predictions 
fell within 4 clusters of verbs overall. Additionally, when the actor’s 
intention was to Clear, 70% and 59% of responses indicated ‘Fill/Pour’ 
when the cups were empty or half-full, respectively, and predictions fell 
within 6 clusters of verbs overall. The almost equally high percentages 
as well as the similar number of clusters across conditions indicate an 
equally high probability of judging the intention as being to ‘Fill/Pour’ 
across these four conditions regardless of the actor’s intention.

When the actor reached for the bottle next to almost full cups to 
either pour or clear, the predominant intention prediction was ‘Move-
object’ regardless of the actor’s enacted intention. Specifically, when 
the actor reached for the bottle next to full cups, 37% and 40% of 
responses indicated ‘Move-object’ when the actor’s intention was to 
pour or clear, respectively, and predictions fell within 7 clusters of 
verbs overall. This observation indicates that participants judged that 
the full cups context specifies other action possibilities than ‘Fill/Pour’ 
but that the intention specifying information provided by both con-
text and kinematics was not enough for most to make predictions of 
higher-order (‘why’) intentions when the cups were almost full and the 
kinematics reflected the actor’s intention to either pour or clear. It is 
worth noting, however, that the second most predicted intention was 
to ‘Clean’, where 20% and 24% of responses indicated ‘Clean’ when the 
actor’s intention was to pour or clear, respectively.

Finally, when the actor placed his hand on the table next to the 
bottle, the number of clusters featured in responses was larger on 
average than that seen when the actor’s intention was to pour or 
clear over all contexts - i.e. empty, half-full or full cups. However, 
as previously reported for the Cup stimuli, the predominant intention 
prediction here also aligned with the actor’s non-object directed nature 
of intention. More specifically, when the actor’s intention was to place 
hand-on-table next to bottle, 23%, 24% and 31% of responses indicated 
‘Rest’ when the cups were empty, half-full and full respectively, and 
predictions ranged across 12 to 9 clusters of verbs. The various clusters 
of intention prediction observed across the three contexts indicate that 
kinematics did not provide enough information to specify intentions 
in all three contexts. As a result, it is less probable for responses to 
converge onto a specific intention, as these conditions allow for a 
wide range of possible actions. However, it is clear that the kinematics 
provided some information about the intended direction of the actor’s 
actions. We notice that around 73.67% of predictions were non-object 
directed compared to only around 1.5% when the actor’s intention was 
to pour or clear across all contexts.

Effects of Intention and Context. Similar to the Cup stimuli data, 
the data for the Bottle stimuli was re-clustered into five main clusters: 
three clusters related to the actor’s actual intention (Pour/Fill, Clean, 
Non-object-directed), with the forth capturing to lower-order ‘what’ 
intentions (Move-object), and the fifth capturing any other intention 
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Fig. 4. Frequency analysis of clusters accompanied by word clouds of coded verbs per condition for (a) Cup and (b) Bottle. The analysis indicates that participants 
commonly predicted the primary action possibility of the grasped item as the intended action, provided that both kinematics and context specified its feasibility. The range of 
predictions broadened when either the kinematics (e.g., a hand placed on the table) or the context (e.g., reaching for an empty cup) suggested that the item’s primary action 
was less likely. Additionally, the type of predictions—whether higher or lower order—varied across different conditions and items. For full sized result figures of all items, see 
Supplementary Material (Figures).
(Others) (see Fig.  5b for illustration). Overall, the probability of partic-
ipants making Pour/Fill responses significantly changed as a function 
of Intention and Context. As can be seen from an inspection of Table 
2, this analysis revealed that the probability that participants would 
predict the actor’s intention as Pour/Fill, Move-object and Clean varied 
as a function of the contextual manipulation. This is illustrated in Fig. 
4b by higher Pour/Fill responses when the context included almost 
empty and half-full cups compared to full cups, as well as higher Move-
object and Clean responses when the context included almost full cups 
compared to empty or half-full cups. The manipulation of the actor’s 
intention only had an effect on the probability that participants would 
make Pour/Fill and non-object-directed predictions. This is evident by 
the higher Pour/Fill predictions when the actor intended to pour or 
clear table compared to when the actor placed Hand-on-table, and more 
non-object-directed predictions when the actor placed hand-on-table 
compared to when the actor intended to pour or clear. The probability 
that participants would make any Other prediction only differed sig-
nificantly as a function of context. Additionally, the probability that 
participants would predict an alternative object-directed higher order 
intention other than Pour/Fill was significantly low (difference between 
the probability of Pour/Fill vs. Clear responses 𝑋2(1) = 110.1, 𝑝 < .001; 
Pour/Fill vs. Other responses 𝑋2(1) = 88.47, 𝑝 < .001).

4. Discussion

The current study investigated how individuals predict others’ in-
tentions by analysing free-text responses to reach-to-grasp movements. 
The interplay between kinematics and contextual information was 
first examined to determine whether predictions were based solely 
on the end-state hand configuration within a context, or whether the 
hand’s movement (kinematics) also informed intention predictions. 
The findings revealed that when kinematic information was presented 
alongside end-state and contextual information, the resultant intention 
predictions of participants diverged significantly from those where 
only the latter two types of information were available. However, 
further analysis revealed notable variability in the number and type 
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of intention predictions across different conditions and objects, indi-
cating that the extent to which kinematic information specified the 
actor’s intended action was influenced by the context (including the 
interaction object; i.e., cup, bottle). Additionally, the most commonly 
predicted intention did not consistently align with the actor’s actual 
intended action. Instead, the predictions of participants reflected two 
main semantic clusters: higher-order ‘why’ predictions and lower-order 
‘what’ predictions. Notably, responses within the ‘why’ cluster reflected 
the primary action possibility of the contextual object (e.g., ‘drink’ for 
a cup and ‘pour’ for a bottle).

Our GLME analysis of the five main semantic clusters per object 
indicated that the impact of the actor’s intention and context on re-
sponses varied between the different objects. This variation reflects 
discrepancies in the level of intention specificity in the presented 
kinematics-in-context information between objects when considered at 
the moment of grasp. For the bottle, kinematic information had a 
lesser impact on participants’ predictions compared to the cup. This 
finding was further supported by the frequency analysis, which showed 
that participants’ responses were consistent with the action possibilities 
most functionally afforded by the kinematics-in-context. For instance, 
when the kinematics of the actor’s object-directed intentions were 
distinct but equally allowed for the item’s primary action, the pre-
dicted intentions were almost identical between the two kinematic 
conditions within each context. For example, whether the actor grasped 
the middle of the bottle to pour or the top to clear, both actions 
similarly afford pouring from the bottle, resulting in nearly identical 
patterns of responses. Similarly, when distinct contexts clearly afforded 
the item’s primary action possibility, the predicted intentions were 
almost identical between the contexts for each distinct kinematics 
condition. For example, whether the cup was empty or half-full, both 
contexts allow pouring from the bottle, resulting in nearly identical 
patterns of responses. Additionally, when the kinematics indicated a 
different action possibility to the item’s primary action by making it 
less likely (e.g. kinematics specifying the intention to clear the cup 
from the table by grasping it around the top rim), but the context 
allowed for the items’ primary action possibility (e.g. full and half-
full cups), most people still predicted that the actor intends to use 
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Fig. 5. Frequency analysis of re-clustered data illustrates the five main clusters: those representing the actor’s actual intentions (Drink OR Pour, Clean, Non-object-directed 
(NOD)), lower-order ‘what’ intentions (Move-object), and all other intentions (Others) for various conditions involving (a) Cup and (b) Bottle. This analysis highlights the variability 
in responses based on the actor’s intention and context. It also shows that while previous analyses indicated a wider diversity of responses when the actor placed a hand on the 
table, these responses were primarily non-object directed.
the item for its primary functional purpose (refer to Fig.  4 for the 
full pattern of results per item). However, in these conditions more 
people chose to respond with a lower-order prediction of ‘what’ the 
actor was doing rather than ‘why’ they were doing it. Furthermore, 
when the kinematics or context indicated that the item’s primary action 
possibility was not likely (e.g., the actor placed their hand on the table 
or the context better specified the intention to clear the item), the range 
of predictions was highly variable. Thus, our results provide evidence 
that when an observer is asked to predict the intention of another 
actor, their responses reflect the most functional action possibilities or
affordances defined by the whole actor-environment context. Moreover, 
when the kinematics-in-context information is ambiguous and maps to 
many action possibilities (affordances), a corresponding multitude of 
intention predictions are generated in response.

By ‘‘affordances’’ we mean the relational action possibilities defined 
by the perception-action capacities of an agent within a given physical 
and informational context (Gibson, 1979; Stoffregen, 2003; Turvey 
et al., 1981; Warren, 1984). Extensive research has demonstrated that 
individuals can accurately identify affordances relevant to their own 
actions (van der Kamp et al., 1997; Mark, 1987; Ramenzoni, Riley, 
Shockley, & Davis, 2008; Warren, 1984) and, of most relevance here, 
those of other observed individuals (Ramenzoni, Riley, Davis, et al., 
2008; Ramenzoni, Riley, Shockley, & Davis, 2008; Richardson et al., 
2007; Stoffregen et al., 1999; Wagman et al., 2018). Crucially, the 
detection of affordances, including in contexts with multiple action 
possibilities relies on both kinematic and contextual information (Mark, 
2007; Ramenzoni, Riley, Shockley, & Davis, 2008). This interplay spec-
ifies which affordances can or should be enacted. Therefore, the ability 
of an observer to predict another’s intentions fundamentally depends 
on whether the actor-in-context information clearly specifies one or 
more affordances. Consistent with the findings reported here, if the 
information made available specifies one actionable affordance over 
others, most observers will perceive that as the actor’s intention (Mark, 
2007; Richardson et al., 2007). However, if the information specifies 
multiple affordances or no clear realizable action possibility at all, 
observers will report a diverse range of intentions.

Adopting the view that predicting others’ intentions involves the 
perception of affordances aligns with recent research showing that 
individuals often identify objects based on their functional affordances
(Cosentino, 2019; Kalénine et al., 2016; Lee et al., 2013; Roche & 
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Chainay, 2017). When someone perceives an object like a hammer, 
they not only see it as a physical item, but also understand its use 
for hammering things — linking it to the intentions behind its design 
and typical use (aka its functional affordance). Our findings further 
emphasize the role of individuals’ attunement (Gibson, 1966; McArthur 
& Baron, 1983) to an object’s functional affordances, which plays a 
key role in determining predictions of an actor’s intentions. Notably, in 
the current study we designed some contexts to be potentially ambigu-
ous (Amoruso et al., 2016), allowing for multiple interpretations of the 
actor’s intentions. However, our results show that these contexts were 
not generally perceived as ambiguous — subject responses primarily 
reflected the functional affordance when the context afforded it. It 
was only in contexts where the likelihood of enacting the object’s 
functional affordance was reduced (e.g., reaching for an almost empty 
cup), or where the kinematic information was ambiguous (e.g., placing 
a hand on a table) that a wider spectrum of intentions were observed. 
This pattern suggests that in these conditions, kinematics-in-context 
information was generally consistent with a wide range of potential 
action possibilities.

Furthermore, while contexts indicating a reduced likelihood of en-
acting the functional affordance led to a broader range of predictions, 
there was also considerable variability in the type of intentions pre-
dicted between the different items, with more precise higher-order 
intention predictions for the cup than for the bottle. This variation 
suggests that the specificity of an alternative higher-order intention, 
although low overall, also differed between items. Our findings con-
trast with those of Amoruso et al.’s (2016) study, where participants’ 
responses were generally more aligned with the context (e.g., they 
report more ‘drink’ responses when reaching for a full cup, more ‘clear’ 
responses when reaching for an empty cup, and around 50% ‘drink’ and 
‘clear’ responses when the cup was half-full).

It is important to note that although our findings suggest that 
individuals might struggle to recognize higher-order intentions beyond 
an item’s functional affordance, everyday observations often contradict 
this. For example, a caregiver can frequently predict whether a child 
intends to spill water from a cup rather than drink it. This is because 
affordances are typically embedded in much richer spatial and tem-
poral contexts, which extend beyond the limitations of experimental 
settings (Alhasan et al., 2025; Heft, 1989, 2003; McArthur & Baron, 
1983). Thus, the specificity of object-directed intentions often requires 
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considering a wider spatio-temporal context (e.g., grasping a cup at 
a kitchen table might imply different intentions than grasping a cup 
in a minimally furnished room). If individuals are accurately identi-
fying others’ affordances, their predictions should align more closely 
with the alternative action possibilities specified by the additional 
spatio-temporal context.

Such wider spatio-temporal contexts could also encompass social 
constraints that further influence our predictions of the actions avail-
able to an agent in a given environment (Baggs, 2021; Baron, 2007; 
Becchio et al., 2010; Heft, 2003; Marsh et al., 2006; McArthur & Baron, 
1983; Schmidt, 2007). For instance, an individual may opt for a glass 
of juice closer to themselves rather than to another person, reflecting 
social norms that shape our predictions of other’s intentions (McArthur 
& Baron, 1983). Therefore, a complete understanding of what drives 
a person’s actions may require knowledge of both their physical ca-
pabilities (physical laws) and the social contexts that guide or restrict 
their behaviour (social rules) (also see Alhasan et al. 2025 for further 
discussion of this point and its relevance to the present findings). Thus, 
future studies should examine how information within richer spatio-
temporal and social contexts might influence our ability to predict 
others’ intentions.

It is also essential to examine how variability in movement kinemat-
ics, both within and between individuals, interacts with spatio-temporal 
and social contexts to shape intention predictions. The many-to-many 
relationship between kinematics and intentions introduces variability 
in the kinematics associated with the same intention both across and 
within individuals (Scaliti et al., 2023). However, our findings empha-
size that it is the relationship between movement kinematics and the 
action possibilities they afford – within a given context – rather than 
variability in kinematics or context alone, that drives these predictions. 
While our study provides initial insights into this relationship, pre-
senting each condition only once limited our ability to evaluate how 
natural variations in kinematics influence participants’ predictions. 
Future research should address this by including multiple recordings 
of each condition and involving multiple actors to investigate how 
the informativeness of kinematics about action possibilities varies both 
across and within individuals in the same context.

Finally, adopting the perspective that predicting others’ intentions 
involves perceiving affordances requires a shift in experimental focus. 
Rather than examining the relative influence of specific kinematic 
versus contextual information on intention prediction, the emphasis 
should be on identifying higher-order kinematic-in-context information 
– namely, the spatiotemporal patterns of behaviour within dynamic 
agent-environment systems – that specify the most beneficial or func-
tional action possibilities available to an observed other. This infor-
mation could exist in ongoing or past behaviour across short and long 
timescales (Stoffregen & Wagman, 2024; Wagman et al., 2018). While 
it may be true that we cannot directly know about another individual’s 
intentions, we can know about (perceive) the affordances that are 
available, goal relevant, or preferable to a co-actor or observed other. 
Future research should therefore prioritize identifying the information 
that specifies and constrains the action possibilities most likely or 
appropriate for someone to enact. We expect that such research will 
pave the way for a much deeper understanding of how observers 
predict intentions in complex, real-world scenarios.

5. Conclusion

The current study enriches the existing literature by elucidating how 
kinematic and contextual information together influence our ability 
to predict others’ intentions. By employing free-text responses, we 
discovered that participants’ predictions, while generally inaccurate, 
align with the affordance landscape shaped by the actor’s movements 
within a specific context. This contrasts with outcomes from standard 
two-alternative forced-choice paradigms, as a diverse range of predic-
tions emerged when kinematics or context suggested that the object’s 
11
functional affordance was less likely. Furthermore, these predictions 
rarely converged on any specific higher-order intention beyond the 
object’s functional affordance. This may reflect the simplified contexts 
and limited information provided about potential alternative higher-
order intentions in our stimuli, which might be more clearly specified in 
broader spatio-temporal contexts. Future experiments will be needed to 
explore this possibility. Overall, our findings suggest that conventional 
methods might significantly oversimplify how humans understand and 
predict intentions. Future research, including our own, must embrace 
more complex experimental paradigms to more fully reveal the infor-
mation that specifies what an observed other might, could or will do 
in the future, and the degree to which the perception of such action 
possibilities (affordances) is the foundation of judging or predicting the 
intentions of others in natural settings.
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