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TooL USE AND MANUAL ACTIONS: THE HUMAN BODY AS A MEANS VERSUS AN END

In his book (“Apraxia: The cognitive side of motor control), Georg Goldenberg
(2013) offers a very exhaustive overview of the issues raised in the field of apraxia. He
also presents his viewpoint on most of these issues. In this commentary, [ will focus only
on the way he hypothesizes the cognitive basis of manual actions involved in tool use.

There is an intense debate in the field of apraxia to define the nature of knowledge
supporting tool use. Three kinds of knowledge are commonly proposed: Functional
knowledge, manipulation knowledge and mechanical reasoning (Buxbaum & Kalénine,
2010; Goldenberg & Spatt, 2009; Osiurak et al, 2009, 2013). The stance held by
Goldenberg (2013) is that mechanical reasoning is central to actual tool use, by allowing
the segmentation and combination of the different parts and properties of tools and
objects for construction of mechanical chains (e.g., the slit on the head of the screws
enables the transfer of rotation from the screwdriver to the screw; see also Goldenberg
& Hagmann, 1998; Jarry et al,, in press; Osiurak et al., 2010). Besides, he assumes that
functional knowledge may play a role, by specifying the purpose, recipient and context
wherein a tool can be used. Yet, this knowledge would not be directly involved in the
actual use of tools. More importantly, he denies the existence of manipulation
knowledge. This knowledge is supposed to contain information about the hand
movements associated with the manipulation of a specific tool (e.g., for a hammer, a
broad oscillation of the elbow joint; Buxbaum, 2001). Goldenberg (2013) questions the
viability of this hypothesis on the grounds that it is almost impossible to define
“invariant features of muscular and joint actions” for a specific tool (see also Osiurak et
al, 2011). Rather, he suggests that mechanical reasoning can also be applied to the

multi-part mechanical object that is the human body. Said differently, manual actions
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would also be determined by mechanical reasoning, leading Goldenberg (2013) to
support a strong version of the mechanical reasoning hypothesis.

This strong stance raises a certain number of issues about the underlying cognitive
mechanisms of object manipulation. Object manipulation can be performed not only to
use tools with objects, but also to transport objects from one location to another. In both
cases, there is object motion. Rosenbaum et al. (1990) demonstrated that when people
have to move a bar from a horizontal to a vertical position, they tend to grasp the bar in
a way that affords a comfortable final rather than initial posture (“End-state comfort
effect”). This phenomenon indicates that postural end states are known before
movements begin and it is the visual representation of the action (object’s motion) that
constrains the final, and subsequently, the initial posture (Rosenbaum et al.,, 2012).
According to the strong version of Goldenberg’s mechanical reasoning hypothesis, the
ability to perform correct comfortable grips to transport objects should also require the
analysis of the multi-part object that is the human body. The corollary is that a strong
link should be found between appropriate tool use and the ability to perform
comfortable grips in transport tasks. In fact, this link should also be obtained between
the ability to perform comfortable grips to actually use tools and appropriate tool use.
Evidence, however, invalidates these predictions (e.g., Osiurak et al., 2008; Randerath et
al.,, 2009).

An alternative stance is to posit that, when people have to either transport objects
or use tools, they form a visual representation of the tool/object’s motion, which then
constrains the nature of the grip and the course of the movements. In this weaker
version of the mechanical reasoning hypothesis, manual actions are not determined by
mechanical reasoning (Osiurak et al., 2010, 2011). Rather, manual actions are supported

by the production system, on the basis of laws such as the end-state comfort. Of course,
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this is not to deny that mechanical reasoning can induce modifications about the way of
grasping a tool to use it. For instance, a hammer can be used to perform either power or
precise actions, leading to grasp it either at the basis of its handle or close to its head,
respectively. Contrary to what Goldenberg (2013) suggests, the grip selection can be
viewed as guided by the understanding of the lever principle, which assumes that the
more the rotation point of the hammer is far from the point of percussion, the more the
hammer’s impact strength is amplified. So if someone understands this principle, he will
be able to form a visual representation of the correct motion of the hammer relatively to
the nail. And, once this representation formed, constraints about the movements to be
executed can be processed by the production system. In this weaker version of the
mechanical reasoning hypothesis, mechanical reasoning does not intervene to select
appropriate manual actions.

Importantly, the weaker version I propose here is not inconsistent with the
parallel drawn by Goldenberg between tool use and imitation of gestures (see
Goldenberg, 1995, 1999, 2009). Indeed, it can be argued, as Goldenberg (2013) does,
that in some tasks such as the imitation of hand postures relatively to the body, that the
human body has to be “analyzed” as a multi-part mechanical object. In this way,
mechanical reasoning can be useful for segment and combine the different body parts to
reproduce a posture. This parallel is clearly supporting by evidence indicating that the
left inferior parietal lobe is involved in both actual tool use and imitation of hand
postures (see Goldenberg, 2013), even if additional data might be useful for specifying
this link at a behavioral level. Nevertheless, in the case of imitation, the human body is
processed as an end, and not as a means as this might be in tool use, and more generally
object manipulation. So there is perhaps here a fundamental difference, which

challenges the strong version of Goldenberg’s mechanical reasoning hypothesis.

Page 4 of 6



Osiurak - Tool Use and Manual Actions

ACKNOWLEDGMENTS

This work was supported by grants from ANR (Agence Nationale pour la
Recherche; Project Démences et Utilisation d’Outils/Dementia and Tool Use, N°ANR
2011 MALZ 006 03), and was performed within the framework of the LABEX CORTEX
(ANR-11-LABX-0042) of Université de Lyon (Frangois Osiurak), within the program
“Investissements d’Avenir” (ANR-11- IDEX-0007) operated by the French National

Research Agency (ANR).

REFERENCES

Buxbaum, L. ]. (2001). Ideomotor Apraxia: A call to action. Neurocase, 7, 445-448.

Buxbaum, L. J., & Kalénine, S. (2010). Action knowledge, visuomotor activation, and embodiment in the
two action systems. Annals of the New York Academy of Sciences, 1191, 201-218.

Goldenberg, G. (1995). Imitating gestures and manipulating a mannikin: The representation of the human
body in ideomotor apraxia. Neuropsychologia, 33, 63-72.

Goldenberg, G. (1999). Matching and imitation of hand and finger postures in patients with damage in left
or right hemisphere. Neuropsychologia, 37, 559-566.

Goldenberg, G. (2009). Apraxia and the parietal lobes. Neuropsychologia, 47, 1449-1459.

Goldenberg, G. (2013). Apraxia: The cognitive side of motor control. Oxford: Oxford University Press.

Goldenberg, G. & Hagmann, S. (1998). Tool use and mechanical problem solving in apraxia.
Neuropsychologia, 36, 581-589.

Goldenberg, G., & Spatt, J. (2009). The neural basis of tool use. Brain, 132, 1645-1655.

Jarry, C., Osiurak, F., Delafuys, D., Chauviré, V., Etcharry-Bouyx, F., & Le Gall, D. (in press). Apraxia of tool

use: More evidence for the technical reasoning hypothesis. Cortex.

Osiurak, F., Aubin, G., Allain, P., Jarry, C., Etcharry-Bouyx, F., Richard, I, & Le Gall, D. (2008). Different
constraints on grip selection in brain-damaged patients: Object use versus object transport.

Neuropsychologia, 46, 2431-2434.

Osiurak, F., Jarry, C., Allain, P., Aubin, G., Etcharry-Bouyx, F., Richard, ., Bernard, 1., & Le Gall, D. (2009).
Unusual use of objects after unilateral brain damage: The technical reasoning model. Cortex, 45,
769-783.

Osiurak, F., Jarry, C., & Le Gall, D. (2010). Grasping the affordances, understanding the reasoning. Toward a
dialectical theory of human tool use. Psychological Review, 117, 517-540.

Osiurak, F,, Jarry, C., & Le Gall, D. (2011). Re-examining the gesture engram hypothesis: New perspectives
on apraxia of tool use. Neuropsychologia, 49, 299-312.

Page 5 of 6



Osiurak - Tool Use and Manual Actions

Osiurak, F,, Jarry, C., Lesourd, M., Baumard, J., & Le Gall, D. (2013). Mechanical problem-solving strategies
in left-brain damaged patients and apraxia of tool use. Neuropsychologia, 51, 1964-1972.

Randerath, ., Li, Y., Hermsdorfer, J., & Goldenberg, G. (2009). Grasping tools: Effects of task and apraxia.
Neuropsychologia, 47, 497-505.

Rosenbaum, D. A,, Chapman, K. M., Weigelt, M., Weiss, D. ]., van der Wel, R. (2012). Cognition, action, and
object manipulation. Psychological Bulletin, 138, 924-946.

Rosenbaum, D. A, Marchak, F., Barnes, H. ., Vaughan, |, Slotta, ., & Jorgensen, M. (1990). Constraints for
action selection: Overhand versus underhand grips. In M. Jeannerod (Ed.), Attention and

Performance XIII (pp. 321-342). Hillsdale: Erlbaum.

Page 6 of 6



