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> Upshot

« 1 » *e core thesis in this paper is that 
the extension of an agent’s em bodiment 
through the use of a tool, and the subsump-
tion of that tool into the body schema of the 
agent, is necessarily accompanied by a shi+ 
in the focus of attention by that agent from 
a tool to the object with which the tool in-
teracts. *e empirical studies also suggest 
that this is a su,cient condition.

« 2 » *is commentary makes two ob-
servations: (a) that the thesis being put 
forward is consistent with findings in de-
velopmental psychology & neuro science 
regarding the goal-oriented anticipatory 
nature of action, and (b) that there are 
significant implications insofar as extension 
of body schema does not entail a specific 
form of interface between agent and tool, 
allowing a va riety of modes of body aug-
mentation.

« 3 » *e authors conclude in §40 that 
“paying attention to the task to be per-
formed instead of the tool is essential for 
a tool to be considered part of the body 
schema.” *is conclusion is consistent with 

evidence from di-erent fields of research 
that suggests that the move ments of bio-
logical organisms are organized as actions 
that are initiated by a motivated agent, 
defined by goals, and guided by prospec-
tive information (von Hofsten 2004, 2009, 
2013: 255–279; Vernon, von Hofsten & Fa-
diga 2010). For example, when performing 
manipulation tasks or observing someone 
else performing them, subjects fixate on 
the goals and sub-goals of the move ments, 
not on the body parts, e.g., the hands, or 
the objects. However, this happens only if 
a (goal-directed) action is implied. When 
showing the same movements without the 
context of an agent, subjects fixate on the 
moving object instead of the goal. For ex-
ample, Johansson and colleagues (Johans-
son et al. 2001) describe an experiment that 
shows that people fixate on key landmarks 
such as the point where an object is grasped, 
the target location of object, and the sup-
port surface, but never on their hand or the 
moving object. *is shows that gaze sup-
ports predictive motor control in manipu-
lation and provides evidence for the pro-
spective goal-directed na ture of action. A 
related paper (Flanagan & Johansson 2003) 
shows the same behavior when people ob-
serve object manipulation tasks. Similarly, 
evidence from neuroscience shows that the 
brain represents movements in terms of ac-
tions, even at the level of neural processes. 
For example, a spe cific set of neurons, mir-
ror neurons, is activated when perceiving as 
well as when performing an action. (Gallese 
et al. 1996; Rizzolatti et al. 1996; Rizzolatti & 
Fadiga 1998; Rizzolatti & Craighero 2004). 
*ese neu rons are specific to the goal of ac-
tions and not to the mechanics of execut-
ing them: they are not active if there is no 
explicit or implied goal associated with the 
movement associated with the action.

« 4 » If the shi+ in focus of attention 
when using a tool is su,cient for extend ing 
an agent’s embodiment and body schema, 
this opens up a wide variety of possible ways 
that the agent can interface with the tool 
in questions. Speci. cally, it admits struc-
tural coupling (Riegler 2002), the weakest 
form of em bodiment (Ziemke 2001, 2003; 
Dautenhahn, Ogden & Quick 2002), as the 
precondition for embodiment prior to the 
body augmentation. In turn, this allows the 
use of tools that are not directly manipu-
lated by forcible physical contact, such as 
a hand-held cane or screwdriver, but are 
controlled by other means. In particular, 
the tool interface does not have to be struc-
turally, kinematically, or dynamically ho-
momorphic with the tool e-ector, just as, 
e.g., the controls of a mechanical digger are 
not intuitively related to the movement of 
the bucket at the end of the digger’s arm. 
Conse quently, the extension of embodi-
ment and body schema can be e-ected by 
any means that are capable of controlling 
the device, including brain com puter inter-
faces (as the authors suggest in §47 where 
they refer to “new human interface devices 
… to arti.cially vary the body boundary”). 
By extension, the link between the agent 
and the tool, i.e., the interface, does not 
have to be proximal and can be distal, as in 
the case of a telecheric device, and therefore 
the augmented or extended embodiment 
can be non-local. *e implication of this ar-
gument is that the concept of embodiment 
and body schema is plastic: it applies to any 
form of body augmentation that is assimi-
lated into the sub-attentive component of 
the agent’s actions.

Received: 15 October 2013 
Accepted: 21 October 2013

Open Peer Commentaries
on Yuki Sato et al.’s “Investigating Extended 
Embodiment”



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

column A column B column C

column A column B column C
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

CO
MP

UT
AT

IO
NA

L S
YN

TH
ES

IS
 IN

 E
NA

CT
IV

E 
CO

GN
IT

IV
E 

SC
IE

NC
E

414

Tool-use Leads to Bodily Extension, but not Bodily Incorporation: The Limits of Mind-as-it-could-be?  Tom Froese
Enactive Cognitive Science

 CONSTRUCTIVIST FOUNDATIONs vol. 9, N°1

The Limits of Mind-as-it-could-be?  Tom Froese

David Vernon is a Professor of Informatics at 
the University of Skövde, Sweden. He works on 

cognitive systems and is particularly interested 
in modeling autonomy. Over the past 34 years, he 

has held positions at Westinghouse Electric, Trinity 
College Dublin, the European Commission, the 

National University of Ireland, Maynooth, Science 
Foundation Ireland, and Khalifa University, UAE.

Tool-use Leads to Bodily 
Extension, but not Bodily 
Incorporation: The Limits 
of Mind-as-it-could-be?

 
 

> Upshot

Putting subjectivity back into 
the sensorimotor loop
« 1 » Enactive cognitive science (ECS) 

is founded on the theory that life and mind 
are integrated within a process of sense-
making (*ompson 2007). Following its 
.rst extensive presentation by Francisco 
Varela, Evan *ompson and Eleanor Rosch 
(1991), the paradigm of enaction was o+en 
loosely grouped with embodied, sensori-
motor, and dynamical approaches to cog-
nition, while its explicit phenomenological 
commitments were mostly ignored. And 
whereas these latter approaches rapidly led 
to the development of new styles of doing 
cognitive science and robotics (Wheeler 
2005; Clark 2008; Kelso 1995), speci.cally 
enactive research continues to face unique 
challenges today. For if we accept that cog-
nition is a form of sense-making, and that 

sense-making is the generation and appre-
ciation of meaning from a point of view, 
then ECS – in contrast to most science and 
engineering methods – has to place living 
and lived subjectivity at the center of all its 
endeavors (Froese 2011).

« 2 » *ere are therefore some unique 
methodological challenges for ECS. While 
embodied and dynamical approaches can 
be satis.ed with AI and robotics to do a 
lot of their theoretical work (e.g., Pfeifer 
& Scheier 1999; Beer 2000), enactive AI 
is speci.cally confronted by the profound 
problem of how to design a sense-maker 
– something for which we still lack theo-
retical and practical knowledge (Froese & 
Ziemke 2009). Given this impasse, it was to 
be expected that ECS would shi+ its meth-
odological focus from constructing and 
analyzing arti.cial agents to phenomeno-
logical investigations of human experience 
(Froese 2007). However, there is still plenty 
of room for innovative use of technology.

« 3 » One of the most resourceful de-
velopments in this direction is a hybrid 
methodology that retains the idea of con-
structing new technical systems, but for the 
purpose of investigating how tool use – via 
its e-ects on our living embodiment – mod-
ulates our lived experience (Froese, Suzuki, 
Ogai & Ikegami 2012). In analogy with arti-
.cial life’s objective to use technology to ex-
plore life-as-it-could-be, we can refer to this 
.eld as “arti.cial embodiment” and de.ne 
its aim as mapping out the space of “mind-
as-it-could-be.”

« 4 » *e authors of the present tar-
get article, Yuki Sato, Hiroyuki Iizuka, and 
Takashi Ikegami, make a valuable contri-
bution to this cross-disciplinary method 
by investigating the phenomenon of ex-
tended embodiment – currently a hot topic 
(*ompson & Stapleton 2009) – by bringing 
together insights from both robotics mod-
eling and psychological experimentation. 
*ey thereby join a new generation of enac-
tive researchers who are just as interested in 
the dynamics of arti.cial agents as they are 
in the sense-making of humans, o+en relat-
ing these two areas in a mutually inform-
ing manner by making use of custom-built 
human-computer interfaces (e.g., Rohde 
2010; Iizuka, Ando & Maeda 2009; Suzuki, 
Wakisaka & Fujii 2012; Suzuki, Gar.nkel, 
Critchley & Seth, in press). In the following, 

I situate the work by Sato et al. in this wider 
context. I begin by clarifying their method, 
and conclude by deriving a new working 
hypothesis from their results.

Tool use as a method to investigate 
mind-as-it-could-be
« 5 » While conducting a study of the 

experiential e-ects of using a sensorimo-
tor substitution device (Froese, McGann, 
Bigge, Spiers & Seth 2012), I started work-
ing out a basic methodological scheme for 
an enactive approach to consciousness re-
search based on human-computer interfac-
es (HCI). *is scheme is nicely illustrated 
by the series of psychological experiments 
by Sato and colleagues (Figure 1).

« 6 » We can see this scheme at work in 
the study by Sato et al. as follows. First, they 
completed the methodological cycle in the 
domain of arti.cial life. *ey synthesized 
an evolutionary robotics model, analyzed 
its emergent dynamics, and formulated a 
hypothesis, i.e., that tool-based extension 
of bodily sensitivity is correlated with the 
regularity of the user’s movements (§28). To 
test this hypothesis of lived bodily extension 
properly, they then conducted a psychologi-
cal experiment on users’ experience. *ey
1 | synthesized a simpli.ed real version of 

the single windmill tool to be used with 
a stick,

2 | allowed the participants to become 
skilled users,

3 | analyzed the resulting user experience – 
albeit measured indirectly via objective 
success, and

4 | received a partial con.rmation of their 
hypothesis.
« 7 » *ey then embarked on the meth-

odological cycle again. *ey
1 | constructed a more accurate version of 

the double-windmill tool,
2 | allowed participants to become su,-

ciently skilled,
3 | assessed their experience, and
4 | formulated a novel hypothesis.
More speci.cally, in contrast to their ini-
tial assumption, they found that objective 
success at the task is not an appropriate in-
direct measure of the lived experience of bod-
ily extension. Rather, strong and continuous 
coupling between user and tool seems to be 
more important to shi+ing their attention 
away from the tool (§37). *is hypothesis 


