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ABSTRACT 

The ability of technology to detect interaction with bodily 

movements is changing. In order to inform the design of 

technology that relies on movements of the body for 

interaction, we need methods that allow us to study 

movement with appropriate analytical rigour. In this paper 

we explicate some of the philosophical foundations and 

underlying assumptions when studying movement from the 

perspectives of biomechanics and phenomenology. Further, 

we briefly outline some implications for the design of 

methods in HCI for studying movement-based interaction 

with technology.  
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INTRODUCTION 

Into the mix of interaction options for the able-bodied and 

or disabled user, enters the question of how to study 

movement in relation to bodily interaction with technology. 

Can appropriate methods be adopted from other disciplines 

or is the nature of hybrid physical-digital technological 

environments such that new methods and approaches are 

necessary? What kinds of understandings of human 

movement can provide useful perspectives for interaction 

design? These questions are of both methodological and 

epistemological significance.  

This paper will briefly introduce biomechanics and 

phenomenology, and revisit their philosophical foundations 

and underlying assumptions to see how they impact our 

study of movement. We then describe empirical work with 

the SONY PS2 Eyetoy [9], which applied current 

frameworks in human-computer interaction (HCI) to 

studying and conceptualising movement-based interaction. 

We conclude by outlining implications for HCI where the 

moving body is enabling interaction.  

REVISITING PHILOSOPHICAL FOUNDATIONS AND 
UNDERLYING ASSUMPTIONS 

We start by examining biomechanics and phenomenology 

as representatives of two main approaches to the study of 

movement in current HCI. 

Biomechanics  

Biomechanics stands in the tradition of Western science 

with roots in the methodologies of Galileo and Descartes. 

At the core of the discipline lies Newtonian mechanics with 

its theoretical framework of clearly formulated and 

internally consistent general laws. Based on these laws, 

knowledge of the motion of all objects or bodies can be 

articulated in exact, mathematical terms and given clear-cut 

causal explanations.  

Newton held the view that the basic laws of motion were 

creations of God (and therefore absolutely true) and could 

be observed in terms of “objective” observations. This view 

of a scientific approach as leading to absolute truth is 

usually linked to inductive reasoning, built on the Baconian 

thesis that it is possible to generalise on a sufficiently large 

number of objective empirical observations. This position 

has been attacked by philosophers from Hume to Popper, 

stating that induction can, at best, give probability never 

certainty. 

Understanding human movement from the Newtonian 

perspective leads to a consideration of the physical makeup 

and movement potential of the human body in terms of 

bones, joints, muscles, tendons and ligaments that can be 

subjected to measurement. The field of movement science 

and ergonomics tends to focus on the anatomical 

characteristics and constraints of the moving body. This 

view is useful for HCI as it provides both constraints and 

resources in the determination of possible movement 

profiles for movement-based interaction with technology. 

The area of human factors engineering has taken this view 

of movement with its focus on the ergonomic relationship 

between people and technology.  
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Phenomenology  

Phenomenology is the science of phenomena, the 

philosophy of experience. It differs from the various human 

science approaches such as ethnography, symbolic 

interactionism, and ethnomethodology in that 

phenomenology makes a distinction between appearance 

and essence. “Phenomenology is the study of essences”, 

says Merleau-Ponty [7, p. vii]. This means that 

phenomenology always asks questions of what is the nature 

or meaning of something. It offers accounts of experienced 

space, time, body and human relations as we live them. A 

search for knowledge concerning meaning and experience 

seems in Western science to stand in the Aristotelian 

tradition. Where the analytical Galilean approach searches 

for exact descriptions and causal explanations, the 

Aristotelian approach searches for holistic understanding of 

the phenomenon under study. 

A phenomenological understanding of human movement is 

to see the body not in terms of a biomechanical analysis, 

but in the awareness and meaning of movement. It is to 

understand body movement as a component of social 

action, not as muscles, bones, angles of displacement, 

locomotor patterns, or positional behaviours. In contrast to 

the “objective” body studied in biomechanics, the “body 

subject” studied in phenomenology refers to the basic, 

intuitive experience of bodily existence as being-in-the 

world. 

Biomechanics and Phenomenology – a perfect match?  

It would seem that taken together the biomechanical and 

phenomenological approaches would complement each 

other. Biomechanics offers mathematical exact descriptions 

and causal explanations and has strong predictive force, but 

it is criticised for not being able to give an account of lived, 

practical experience. Phenomenology, on the other hand 

provides less reductionist descriptions making use of 

practical lived experience, however these descriptions  can  

be hard to test empirically. Combined they seem to be able 

to give us the best of two worlds.  

However, the biomechanical and phenomenological 

approaches are built on fundamentally different 

methodological and epistemological premises; the body 

seen as levers and weights can be explained only by the 

deterministic laws of mechanics, and shares no common 

ground with the idea of the body-subject intentionally 

seeking meaning in movement. The two approaches are 

incompatible in that the basic concept of one cannot be 

translated into the basic concept of the other.  

Moreover, this incompatibility implies methodological 

incompatibility. There is no method acceptable to 

proponents of both approaches on which to settle possible 

disputes and disagreements between the two. Studying 

movement as a meristic structure that can be fully explained 

if broken down into its basic components radically 

contradicts an understanding of movement as a holistic 

whole which loses its meaning if analysed into the parts that 

compose it.  

However, all is not lost; the two approaches can lead to 

significant knowledge not reachable through the other. 

They incorporate alternative ideas of what count as good 

understandings of human movement, and geared towards 

problem solving, they can be systematically elaborated and 

thus be opened to discussion.  

Some examples  

Consider the following four examples as basic examples of 

descriptions of movement - using biomechanical or 

phenomenological methods of investigation:  

1. The humeral appendage is raised to an 80 degree 

angle to the torso - anatomical description of 

movement from observer’s pov; 

2. The arm goes up - description of gross physical 

movement from observer's pov;  

3. I wave to my friend (or play Eyetoy) - 

description of an action from actor's pov; 

4. I raise my arm to shake out tiredness - description 

of awareness of movement from actor's pov.  

The examples illustrate important points for the ensuing 

discussion. The first and second examples carry information 

of anatomical and functional nature, but do not explain the 

semantic content of the scene, which is quite succinctly 

revealed in the third. The fourth example emphasises the 

kinaesthetic aspects of movement for the actor. A fifth 

example could be added:  

5.  I raise my arm to… I become aware that I am 

being observed – description of awareness of 

movement being observed from an actor's pov.  

Being observed could elicit a range of reactions from 

embarrassment to excitement, depending on the person and 

the setting. What is important is the fact that the observer 

has an impact on the situation and the extent to which 

people are aware of being observed. 

In addition, the examples implicitly highlight the aspect of 

perspective. Put diametrically, when studying and 

describing movement, do we adopt the perspective of the 

actor as in phenomenology, or that of the observer in 

biomechanics? Furthermore, does adopting either 

perspective yield the information necessary for our task at 

hand? We will return to these points in our discussion. 

STUDYING MOVEMENT IN HCI 

In order to bring these ideas into HCI we now review some 

current frameworks for studying and designing movement-

based interaction. In previous work (e.g. [5] and [6]) we 

have explored the questions of how to describe and 

represent movement for interaction, and what forms of 

human movement make sense when movement is driving 

interaction. As a way of conceptualising the problem, we 

used a three-prong approach, sensemaking, interaction and 

movement analysis, for analysing movements produced 

through interaction with two Eyetoy games. In this 
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section, we review our approaches, and then proceed to 

examine these approaches critically. 

Sensemaking Analysis  

The Sensible, Sensable, Desirable: a Framework for 

Designing Physical Interfaces [2] and Making Sense of 

Sensing Systems: Five Questions for Designers and 

Researchers [1] are two frameworks that have emerged to 

explore forms of human movement that can make sense 

when movement is the driver for interaction.  

The frameworks provide useful tools for thinking, and for 

sorting and categorising identified actions and movements. 

Both frameworks lead to an examination of the relationship 

between the user and the technology (in our study the 

Eyetoy), but from different perspectives. Benford et al. 

[2] consider the relationships between the user’s 

movements with the technology and the environment. 

Bellotti et al. [1] on the other hand, focus on what happens 

when the technology moves into the environment around us 

and the challenges this poses to the interaction between 

people and computers. The two frameworks overlap in 

determining the relationship between the user’s movements 

and the capabilities of the sensor technology.  

Interaction Analysis  

Inspired by Suchman’s [10] analytic framework for 

conversational analysis, the interaction between the player 

and the Eyetoy technology was analysed in terms of user 

perception and action vs. machine perception and action. 

This analysis revealed a large disparity in terms of the 

technology’s comparatively limited perception.  However 

the simplicity of the technology allows people to interact 

with it with individual style and expression. 

Movement Analysis  

Labanotation [4], a form of dance notation, was used to 

transcribe the movements produced through interaction 

with the two EYETOY games.  

The notation led to a distinction between functional and 

performed movement in the interaction. For a given game 

action, the functional movement was taken to be the 

essential properties or the general form of the movement 

required for effective operation of the interface. Performed 

movement describes the actual, distinctive movements 

produced by particular bodies. Labanotation can describe 

general forms of movement e.g. right arm reaches to 

forward high (with a ‘gliding’ quality) or very specific and 

detailed body parts moving e.g. using fingers to tap the 

virtual button in the game. However this may result in a 

design representation that is unwieldy and obscures the 

relevant aspects of the interaction to be modelled. 

Relevance is of course dictated by the particular application 

under design. 

We will now go on to examine to what extent our approach 

of sensemaking, interaction and movement analysis 

addresses the anatomical, functional, semantic, kinaesthetic 

aspects outlined earlier.  

MECHANICS OR MEANING?  

Only Labanotation, of the frameworks considered in our 

analysis, considers and describes the actual movements in 

the interaction, as such these descriptions could be could be 

labelled anatomical. Labanotation is written from the 

actor’s perspective rather than the observer’s, and so has 

built-in assumptions of agency. On the other hand, it could 

be argued that Labanotation reduces action to positions or a 

sequence of positions similar to photographs, sketches and 

or diagrams.  

Belotti et al. [1] deal with sensor perception, while Benford 

et al. [2] deal with the meaning of the actors’ movements, 

however only implicitly. Descriptions produced using these 

frameworks would be of a functional or a functional-

semantic nature. The analysis inspired by Suchman [10] 

was valuable in that it enabled us to describe the movement 

as meaningful actions occurring in context. 

The sensemaking, interaction and movement analysis carry 

information of either: 

• functional and anatomical nature, there is low or 

non-existent description of bodily awareness, the 

body is an object for others to observe; or 

• semantic nature, where the emphasis is on the 

action performed, not on the anatomical or 

kinaesthetic nature of the movement.  

Descriptions giving prominence to awareness of the body 

itself are not captured by either of these frameworks. 

One obvious reason for this is the fact that we on the one 

hand have descriptions of movement of observable criteria 

while on the other we are trying to capture experiencing. 

This, we will try to show, takes us back to the issue of 

perspective.  

Others can observe what I am experiencing, but not my 

experiencing per se. Having an experience while 

performing a movement does not necessarily determine 

what the action I am trying to perform is. It is not that the 

experience determines the action, but that the context of 

occurrence determines not only the character of the action 

but also the character of experience. Raising my arm would 

not amount to an action in Eyetoy [9] or the experience of 

it without the context of the game. Hence to focus solely the 

experiencing as that which explains the character of an 

action is not adequate either. Experiencing can not be 

regarded as distinct from what is experienced.  

Farnell expresses this distinction as [4, p. 941]:  

• talk about the body - the biomechanical perspective; 

• talk of the body - the phenomenological experience of 

moving; 

•  talk from the body – enactment of the body in the 

agentive production of meaning. 
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What could be said about observable criteria vs 

experiencing is that that which the holds the least 

importance to the mover, in a certain situation, contains the 

most significance to the observer.  

IMPLICATIONS FOR HCI  

How then can this be applied to HCI? How can we integrate 

these diverse perspectives so that human movement can be 

described in its lived context for the study and subsequent 

design of movement-based interaction with technology. The 

nature of current and future interactions between humans 

and technology are such that technology still requires 

descriptions of human movement at the physical and 

functional level.  

To see the human body as a system of weights and levers 

for producing forces operating within the physical universe 

and thus subjected to the same universal forces as any other 

system of weights and levers seems far removed from the 

experience of bodily movement in real life. In a Cartesian 

universe the body is seen as mindless matter moving around 

in a deterministic world in which there is no room for 

concepts like intentions, experience, meaning and value, 

concepts that play important part in an understanding of 

bodily movement as lived, and practical experience. 

Movement descriptions in HCI must be capable of writing 

all anatomically possible bodily action in ways that will 

preserve the identity of the movement and make possible 

accurate reproduction of it and maintain its semantic 

content.  

The important thing seems to be to ensure that descriptions 

are generated within the context in which they have 

meaning and can retain their links to real human behaviour 

through the design process. One of the challenges is to 

explore the tension between simplicity and specificity for 

describing movement as input for interaction without 

unnecessarily constraining the possibilities for individual 

action and performance. The simpler the description, the 

more open it is to interpretation in performance. 

Conversely, the more specific the description, the less 

interpretation or leeway in performing the movement.  

When people interact with other people, physical, digital or 

hybrid environments, human movement is manifested as 

purposeful actions reliant on the “essential corporeality of 

human cognition” [8, p.122]. This embodied nature of 

cognition shapes the way we can think about movement as 

input for interaction. For example, by learning to use a 

stylus we incorporate the stylus into our bodily space for 

the task of inputting. In contrast, when using movement as 

input for interaction we do not have to learn to use a new 

device, but we are reliant on the potential for action that the 

technology creates for us. This is to be taken in the sense 

that the technology poses certain constraints on and/or 

opportunities for our actions as natural movement, but also 

in the sense that what an action means depends on the 

intentions of the user [11]. In our approach this means that 

the technology will have to be designed to provide spaces 

within which people can perform movements that are 

meaningful. 

In this paper we have attempted to illustrate that human 

movement can be described from many perspectives, of 

which we have only named a few; the mechanics of the 

moving body in space and time; the expressive qualities of 

movement; the moving body involved in acts of perception 

and movement as part of human action and activity. 

Further, we attempted to integrate these varied perspectives 

so that human movement can be described in its lived 

context for the design of movement-based interaction with 

technology. Just as importantly will be considerations of 

appropriate levels of translations, transformations and 

interpretations of human movement by the technology 

when the moving body becomes the enabler of interaction. 
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