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Accept with minor revision (please list in comments)

Scientific importance: Is the manuscript an original and important contribution to its field?
Excellent
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Excellent

Quality of the paper: Is the overall quality of the paper suitable?
Excellent

Is the length of the paper justified?
Yes
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Yes
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Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
No

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
Yes

Is it clear?
Yes

Is it adequate?
Yes

Do you have any ethical concerns with this paper?
No

Comments to the Author

It was a pleasure reading the paper. The study is interesting and the results very useful for
readers working in the field of Game Theory under the assumption of bounded rationality of
players. Indeed, it provides a physical proof of the inadequacy of rational assumption of decision
makers.

I have some minor comments.

1. The way the payoff matrix is presented in Figure 1 of the supplementary information is quite
unclear. Indeed, the colors used in the payoff matrix (red and grey) are not the same used for the
two players (green and grey), thus making non intuitive the reading. Moreover, the two
strategies, cooperate and defect are put in different orders for the two players: defect-cooperate
for player 1 and cooperate-defect for player 2. Is there a specific reason for doing that?

2. It is not clear how the position data are collected and recorded. Can the authors explain better
this methodology?

3. A more theoretical comment is about the impossibility to have high cooperative strategies,
neither pure ones neither mixed ones. It seems that defective strategies (always above 0.5-0.6)
compared to cooperative ones, except for case G7 of Figure 3 in the supplementary file. Is a
significant level of cooperation of both players never reached?

4. Following the above consideration (point 3), it seems that the best cooperation level is mixed.
This is in agreement to the presence ox mixed Nash equilibria in some games, such as stag-hunt
or chicken games. Did the authors think or plan to perform experiments using the framework of
these kind of games?

Review form: Reviewer 2

Recommendation
Reject - article is not of sufficient interest (we will consider a transfer to another journal)

Scientific importance: Is the manuscript an original and important contribution to its field?
Marginal

General interest: Is the paper of sufficient general interest?
Marginal



Quality of the paper: Is the overall quality of the paper suitable?
Marginal

Is the length of the paper justified?
Yes

Should the paper be seen by a specialist statistical reviewer?
No

Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
No

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
Yes

Is it clear?
N/A

Is it adequate?
N/A

Do you have any ethical concerns with this paper?
No

Comments to the Author

In “Bounded rational response equilibria in human sensorimotor interactions,” Lindig-Leon et al.
study how humans play a “game” devised by haptically coupling two players. The players must
apply a force to hit a target, and the force depends on two real-valued parameters representing
the horizontal position at which the force is being applied (one for each player). It is the “game”
parameters that determine how the spring constant for each player depends on the current
horizontal position parameter of the two players. The authors consider three such parameter
matrices, corresponding to a symmetric prisoner’s dilemma, an asymmetric prisoner’s dilemma
with low cost, and an asymmetric prisoner’s dilemma with high cost.

The premise for this study is that the Nash equilibrium is the same in all three games, mutual
defection. The quantal response equilibrium, taking the form of the popular logit equilibrium,
differs across the games and better captures the bounded rationality that humans have been
observed to possess in behavioral economics experiments. The authors find that here, too, the
players behave in a way that deviates from the Nash prediction and better fits the quantal
response prediction.

I am a little torn on what to think of the results. On one hand, I like the experimental design, and
the authors note that it is based on a design used in another of their papers. It provides a nice
way of obscuring the payoffs and even the game itself from the players, providing them with
only abstract feedback based on their actions. (I assume also that the target is chosen randomly to
better capture the trajectory, including potential oscillations, that lead to “strategy” collected as
the endpoint?) But this is not the main contribution of the present manuscript.

On the other hand, I don’t really find the results surprising given how humans have been
observed to behave. As the authors note, it is well-known that humans do not always play



according to a Nash equilibrium of a game, and bounded rationality has been influential in
explaining deviations from classical economic models. The authors’ claim here, assuming I
understand it correctly, is that it is unknown whether the findings of behavioral economics in this
regard also hold for “sensorimotor” interactions. I am a bit unclear what the major distinction is
here. For example, if one were to measure automatic physiological responses in humans, it might
be reasonable to assume that a priori these behaviors might differ from those involved in
deliberate decision-making. In contrast, the players are instructed to strategically expend as little
energy as possible in hitting the target (in 1.5 seconds), which makes the experimental design feel
as though its primary purpose is to translate payoff matrices (and the game) into things that
cannot be directly observed by the participants. With limited information about the interaction, it
then seems natural that traditional descriptions of human actions in behavior economics would
be relevant. Is this not the case?

Perhaps the strongest indication to the contrary is in the authors’ claim that several studies show
that humans who are haptically coupled in this kind of sensorimotor experiment actually do
converge to Nash equilibria. Here, however, the referenced articles [7, 8, 19, 25] are authored by
the third author of the present study, so initially it is confusing whether the present study is
aimed at refuting earlier results or expanding upon them. Later, in the discussion, this is clarified
a little, where it is stated that earlier studies tracked only quadrants and could not distinguish
between Nash and quantal response equilibria. So, assuming I understand the authors” intentions
correctly, this study is not a refutation of commonly held beliefs about sensorimotor interactions,
either.

With that said, although I do find the experimental design to be quite clever, my opinion is that
the study does not represent a significant enough advance to be of broad interest to the
Proceedings B readership.

Decision letter (RSPB-2021-1470.R0)

07-Sep-2021
Dear Dr Lindig:

I am writing to inform you that your manuscript RSPB-2021-1470 entitled "Bounded rational
response equilibria in human sensorimotor interactions" has, in its current form, been rejected for
publication in Proceedings B.

This action has been taken on the advice of referees, who have recommended that substantial
revisions are necessary. With this in mind we would be happy to consider a resubmission,
provided the comments of the referees are fully addressed. However please note that this is not a
provisional acceptance.

The resubmission will be treated as a new manuscript. However, we will approach the same
reviewers if they are available and it is deemed appropriate to do so by the Editor. Please note
that resubmissions must be submitted within six months of the date of this email. In exceptional
circumstances, extensions may be possible if agreed with the Editorial Office. Manuscripts
submitted after this date will be automatically rejected.

Please find below the comments made by the referees, not including confidential reports to the
Editor, which I hope you will find useful. If you do choose to resubmit your manuscript, please
upload the following:



1) A ‘response to referees” document including details of how you have responded to the
comments, and the adjustments you have made.

2) A clean copy of the manuscript and one with 'tracked changes' indicating your 'response to
referees' comments document.

3) Line numbers in your main document.

4) Data - please see our policies on data sharing to ensure that you are

complying (https:/ /royalsociety.org/journals/authors/author-guidelines/#data).

To upload a resubmitted manuscript, log into http:/ /mc.manuscriptcentral.com/ prsb and enter
your Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions," click on "Create a Resubmission." Please be sure to indicate in your
cover letter that it is a resubmission, and supply the previous reference number.

Sincerely,
Professor Gary Carvalho
mailto: proceedingsb@royalsociety.org

Associate Editor

Board Member: 1

Comments to Author:

Reviewer 2 has raised substantive issues regarding the conceptual advance offered by the paper,
as well as regarding whether the findings are more appropriately reported in a specialized
journal. Given that Reviewer 2 offered praise for the experimental design, we would welcome a
resubmission in which revisions address in a substantive and compelling way the concerns raised
by Reviewer 2, as well as the points raised by Reviewer 1.

Reviewer(s)' Comments to Author:

Referee: 1

Comments to the Author(s)

It was a pleasure reading the paper. The study is interesting and the results very useful for
readers working in the field of Game Theory under the assumption of bounded rationality of
players. Indeed, it provides a physical proof of the inadequacy of rational assumption of decision
makers.

I have some minor comments.

1. The way the payoff matrix is presented in Figure 1 of the supplementary information is quite
unclear. Indeed, the colors used in the payoff matrix (red and grey) are not the same used for the
two players (green and grey), thus making non intuitive the reading. Moreover, the two
strategies, cooperate and defect are put in different orders for the two players: defect-cooperate
for player 1 and cooperate-defect for player 2. Is there a specific reason for doing that?

2. It is not clear how the position data are collected and recorded. Can the authors explain better
this methodology?

3. A more theoretical comment is about the impossibility to have high cooperative strategies,
neither pure ones neither mixed ones. It seems that defective strategies (always above 0.5-0.6)
compared to cooperative ones, except for case G7 of Figure 3 in the supplementary file. Is a
significant level of cooperation of both players never reached?

4. Following the above consideration (point 3), it seems that the best cooperation level is mixed.
This is in agreement to the presence ox mixed Nash equilibria in some games, such as stag-hunt
or chicken games. Did the authors think or plan to perform experiments using the framework of
these kind of games?

Referee: 2

Comments to the Author(s)

In “Bounded rational response equilibria in human sensorimotor interactions,” Lindig-Leon et al.
study how humans play a “game” devised by haptically coupling two players. The players must
apply a force to hit a target, and the force depends on two real-valued parameters representing



the horizontal position at which the force is being applied (one for each player). It is the “game”
parameters that determine how the spring constant for each player depends on the current
horizontal position parameter of the two players. The authors consider three such parameter
matrices, corresponding to a symmetric prisoner’s dilemma, an asymmetric prisoner’s dilemma
with low cost, and an asymmetric prisoner’s dilemma with high cost.

The premise for this study is that the Nash equilibrium is the same in all three games, mutual
defection. The quantal response equilibrium, taking the form of the popular logit equilibrium,
differs across the games and better captures the bounded rationality that humans have been
observed to possess in behavioral economics experiments. The authors find that here, too, the
players behave in a way that deviates from the Nash prediction and better fits the quantal
response prediction.

I am a little torn on what to think of the results. On one hand, I like the experimental design, and
the authors note that it is based on a design used in another of their papers. It provides a nice
way of obscuring the payoffs and even the game itself from the players, providing them with
only abstract feedback based on their actions. (I assume also that the target is chosen randomly to
better capture the trajectory, including potential oscillations, that lead to “strategy” collected as
the endpoint?) But this is not the main contribution of the present manuscript.

On the other hand, I don’t really find the results surprising given how humans have been
observed to behave. As the authors note, it is well-known that humans do not always play
according to a Nash equilibrium of a game, and bounded rationality has been influential in
explaining deviations from classical economic models. The authors’ claim here, assuming I
understand it correctly, is that it is unknown whether the findings of behavioral economics in this
regard also hold for “sensorimotor” interactions. I am a bit unclear what the major distinction is
here. For example, if one were to measure automatic physiological responses in humans, it might
be reasonable to assume that a priori these behaviors might differ from those involved in
deliberate decision-making. In contrast, the players are instructed to strategically expend as little
energy as possible in hitting the target (in 1.5 seconds), which makes the experimental design feel
as though its primary purpose is to translate payoff matrices (and the game) into things that
cannot be directly observed by the participants. With limited information about the interaction, it
then seems natural that traditional descriptions of human actions in behavior economics would
be relevant. Is this not the case?

Perhaps the strongest indication to the contrary is in the authors’ claim that several studies show
that humans who are haptically coupled in this kind of sensorimotor experiment actually do
converge to Nash equilibria. Here, however, the referenced articles [7, 8, 19, 25] are authored by
the third author of the present study, so initially it is confusing whether the present study is
aimed at refuting earlier results or expanding upon them. Later, in the discussion, this is clarified
a little, where it is stated that earlier studies tracked only quadrants and could not distinguish
between Nash and quantal response equilibria. So, assuming I understand the authors” intentions
correctly, this study is not a refutation of commonly held beliefs about sensorimotor interactions,
either.

With that said, although I do find the experimental design to be quite clever, my opinion is that
the study does not represent a significant enough advance to be of broad interest to the
Proceedings B readership.

Author's Response to Decision Letter for (RSPB-2021-1470.R0)

See Appendix A.



RSPB-2021-2094.R0

Review form: Reviewer 2

Recommendation
Accept with minor revision (please list in comments)

Scientific importance: Is the manuscript an original and important contribution to its field?
Good

General interest: Is the paper of sufficient general interest?
Good

Quality of the paper: Is the overall quality of the paper suitable?
Good

Is the length of the paper justified?
Yes

Should the paper be seen by a specialist statistical reviewer?
No

Do you have any concerns about statistical analyses in this paper? If so, please specify them
explicitly in your report.
No

It is a condition of publication that authors make their supporting data, code and materials
available - either as supplementary material or hosted in an external repository. Please rate, if
applicable, the supporting data on the following criteria.

Is it accessible?
N/A

Is it clear?
N/A

Is it adequate?
N/A

Do you have any ethical concerns with this paper?
No

Comments to the Author

The authors have done a good job in concisely highlighting the main contribution of this paper in
relation to their previous works, which I thought was not clear in the original submission. The
distinction between this experimental setup and studies of bounded rationality in behavioral
economics was also helpful, although I am not entirely convinced that the underlying
mechanisms are that different. With that being said, I am happy to support publication of the
revision in Proceedings B, as it does add a valuable contribution to studies of human behavior in
social dilemmas.

One thing that I would ask is that the statistical details reported in the text (e.g. figure 1) be
clearly explained in the supplement. This should require only a minor addition to the SI.



Decision letter (RSPB-2021-2094.R0)

06-Oct-2021
Dear Dr Lindig

I am pleased to inform you that your manuscript RSPB-2021-2094 entitled "Bounded rational
response equilibria in human sensorimotor interactions" has been accepted for publication in
Proceedings B.

The referee(s) have recommended publication, but also suggest some minor revisions to your
manuscript. Therefore, I invite you to respond to the referee(s)' comments and revise your
manuscript. Because the schedule for publication is very tight, it is a condition of publication that
you submit the revised version of your manuscript within 7 days. If you do not think you will be
able to meet this date please let us know.

To revise your manuscript, log into https:/ /mc.manuscriptcentral.com/prsb and enter your
Author Centre, where you will find your manuscript title listed under "Manuscripts with
Decisions." Under "Actions," click on "Create a Revision." Your manuscript number has been
appended to denote a revision. You will be unable to make your revisions on the originally
submitted version of the manuscript. Instead, revise your manuscript and upload a new version
through your Author Centre.

When submitting your revised manuscript, you will be able to respond to the comments made by
the referee(s) and upload a file "Response to Referees". You can use this to document any changes
you make to the original manuscript. We require a copy of the manuscript with revisions made
since the previous version marked as ‘tracked changes’ to be included in the ‘response to referees’
document.

Before uploading your revised files please make sure that you have:

1) A text file of the manuscript (doc, txt, rtf or tex), including the references, tables (including
captions) and figure captions. Please remove any tracked changes from the text before
submission. PDF files are not an accepted format for the "Main Document".

2) A separate electronic file of each figure (tiff, EPS or print-quality PDF preferred). The format
should be produced directly from original creation package, or original software format.
PowerPoint files are not accepted.

3) Electronic supplementary material: this should be contained in a separate file and where
possible, all ESM should be combined into a single file. All supplementary materials
accompanying an accepted article will be treated as in their final form. They will be published
alongside the paper on the journal website and posted on the online figshare repository. Files on
figshare will be made available approximately one week before the accompanying article so that
the supplementary material can be attributed a unique DOI.

Online supplementary material will also carry the title and description provided during
submission, so please ensure these are accurate and informative. Note that the Royal Society will
not edit or typeset supplementary material and it will be hosted as provided. Please ensure that
the supplementary material includes the paper details (authors, title, journal name, article DOI).
Your article DOI will be 10.1098 /rspb.[paper ID in form xxxx.xxxx e.g. 10.1098 /rspb.2016.0049].

4) A media summary: a short non-technical summary (up to 100 words) of the key
findings/importance of your manuscript.



5) Data accessibility section and data citation

It is a condition of publication that data supporting your paper are made available either in the
electronic supplementary material or through an appropriate repository

(https:/ /royalsociety.org/journals/authors/author-guidelines/ #data).

In order to ensure effective and robust dissemination and appropriate credit to authors the
dataset(s) used should be fully cited. To ensure archived data are available to readers, authors
should include a “data accessibility” section immediately after the acknowledgements section.
This should list the database and accession number for all data from the article that has been
made publicly available, for instance:

* DNA sequences: Genbank accessions F234391-F234402

* Phylogenetic data: TreeBASE accession number 59123

* Final DNA sequence assembly uploaded as online supplemental material

* Climate data and MaxEnt input files: Dryad doi:10.5521/dryad.12311

NB. From April 1 2013, peer reviewed articles based on research funded wholly or partly by
RCUK must include, if applicable, a statement on how the underlying research materials - such
as data, samples or models - can be accessed. This statement should be included in the data
accessibility section.

If you wish to submit your data to Dryad (http://datadryad.org/) and have not already done so
you can submit your data via this link

http:/ /datadryad.org/submit?journallD=RSPB&amp;manu=(Document not available) which
will take you to your unique entry in the Dryad repository. If you have already submitted your
data to dryad you can make any necessary revisions to your dataset by following the above link.
Please see https:/ /royalsociety.org/journals/ ethics-policies/ data-sharing-mining/ for more
details.

6) For more information on our Licence to Publish, Open Access, Cover images and Media
summaries, please visit https:/ /royalsociety.org/journals/authors/author-guidelines/ .

Once again, thank you for submitting your manuscript to Proceedings B and I look forward to
receiving your revision. If you have any questions at all, please do not hesitate to get in touch.

Sincerely,
Professor Gary Carvalho
mailto: proceedingsb@royalsociety.org

Associate Editor

Board Member

Comments to Author:

We would like to thank the authors for nicely addressing prior reviewer concerns. One minor
revision has still been suggested. We congratulate the authors for their distinctive contribution.

Reviewer(s)' Comments to Author:

Referee: 2

Comments to the Author(s).

The authors have done a good job in concisely highlighting the main contribution of this paper in
relation to their previous works, which I thought was not clear in the original submission. The
distinction between this experimental setup and studies of bounded rationality in behavioral
economics was also helpful, although I am not entirely convinced that the underlying
mechanisms are that different. With that being said, I am happy to support publication of the
revision in Proceedings B, as it does add a valuable contribution to studies of human behavior in
social dilemmas.

One thing that I would ask is that the statistical details reported in the text (e.g. figure 1) be
clearly explained in the supplement. This should require only a minor addition to the SI.



Author's Response to Decision Letter for (RSPB-2021-2094.R0)

See Appendix B.

Decision letter (RSPB-2021-2094.R1)

13-Oct-2021
Dear Dr Lindig

I am pleased to inform you that your manuscript entitled "Bounded rational response equilibria
in human sensorimotor interactions" has been accepted for publication in Proceedings B.

You can expect to receive a proof of your article from our Production office in due course, please
check your spam filter if you do not receive it. PLEASE NOTE: you will be given the exact page
length of your paper which may be different from the estimation from Editorial and you may be
asked to reduce your paper if it goes over the 10 page limit.

If you are likely to be away from e-mail contact please let us know. Due to rapid publication and
an extremely tight schedule, if comments are not received, we may publish the paper as it stands.

If you have any queries regarding the production of your final article or the publication date
please contact procb_proofs@royalsociety.org

Your article has been estimated as being 9 pages long. Our Production Office will be able to
confirm the exact length at proof stage.

Data Accessibility section
Please remember to make any data sets live prior to publication, and update any links as needed
when you receive a proof to check. It is good practice to also add data sets to your reference list.

Open Access

You are invited to opt for Open Access, making your freely available to all as soon as it is ready
for publication under a CCBY licence. Our article processing charge for Open Access is £1700.
Corresponding authors from member institutions

(http:/ /royalsocietypublishing.org/site/librarians /allmembers.xhtml) receive a 25% discount to
these charges. For more information please visit http:/ /royalsocietypublishing.org/open-access.

Paper charges
An e-mail request for payment of any related charges will be sent out shortly. The preferred
payment method is by credit card; however, other payment options are available.

Electronic supplementary material:

All supplementary materials accompanying an accepted article will be treated as in their final
form. They will be published alongside the paper on the journal website and posted on the online
figshare repository. Files on figshare will be made available approximately one week before the
accompanying article so that the supplementary material can be attributed a unique DOL

You are allowed to post any version of your manuscript on a personal website, repository or
preprint server. However, the work remains under media embargo and you should not discuss it



with the press until the date of publication. Please visit https:/ /royalsociety.org/journals/ethics-
policies/ media-embargo for more information.

Thank you for your fine contribution. On behalf of the Editors of the Proceedings B, we look
forward to your continued contributions to the Journal.

Sincerely,
Editor, Proceedings B
mailto: proceedingsb@royalsociety.org



Appendix A

We thank the reviewers for their comments that have helped us to clarify the
manuscript. We have made amendments to the manuscript in line with the reviewers’
comments. In particular, we have remodelled the introduction with an improved
motivation that clarifies the contribution of the paper within the wider literature.

Referee: 1

Comments to the Author(s)

It was a pleasure reading the paper. The study is interesting and the
results very useful for readers working in the field of Game Theory
under the assumption of bounded rationality of players. Indeed, it
provides a physical proof of the inadequacy of rational assumption of
decision makers.

| have some minor comments.

1. The way the payoff matrix is presented in Figure 1 of the
supplementary information is quite unclear. Indeed, the colors used in
the payoff matrix (red and grey) are not the same used for the two
players (green and grey), thus making non intuitive the reading.
Moreover, the two strategies, cooperate and defect are put in
different orders for the two players: defect-cooperate for player 1

and cooperate-defect for player 2. Is there a specific reason for

doing that?

We thank the reviewer for pointing out the inconsistencies in the display, which we
have mended in the revised version. Please note that on a numerical scale, the
strategies for the two players are in the same order ( for example, 0/0 corresponds to
cooperate/cooperate and 1/1 corresponds to defect/defect ), which means that in the
matrix cooperate/cooperate has to be in the bottom left (which makes it appear in the
“wrong” order when reading from top to bottom).

2. It is not clear how the position data are collected and recorded.
Can the authors explain better this methodology?

We have added more details about the recording methodology in the methods section
of the supplementary material to clarify how endpoints were determined from the
recorded trajectories.

3. A more theoretical comment is about the impossibility to have high
cooperative strategies, neither pure ones neither mixed ones. It seems
that defective strategies (always above 0.5-0.6) compared to
cooperative ones, except for case G7 of Figure 3 in the supplementary
file. Is a significant level of cooperation of both players never
reached?

In all the groups we have tested so far, the cooperate/cooperate solution has never
been stable, at most we have observed subject pairs like G7, where one player is very
close to random and the other player defects.



4. Following the above consideration (point 3), it seems that the best
cooperation level is mixed. This is in agreement to the presence ox
mixed Nash equilibria in some games, such as stag-hunt or chicken
games. Did the authors think or plan to perform experiments using the
framework of these kind of games?

In previous experiments (Braun et al. Motor coordination: when two have to act as
one, Exp. Brain Res. 2011, and with human vs. artificial players in Grau-Moya et al. The
effect of model uncertainty on cooperation in sensorimotor interactions, Proc Roy Soc
Int, 2013) we have tested the effect of mixed equilibria and multiple equilibria on
cooperation, but please note that none of these previous designs were suitable to
distinguish Nash equilibrium solutions from QRE solutions.



We thank the reviewers for their comments that have helped us to clarify the
manuscript. We have made amendments to the manuscript in line with the reviewers’
comments. In particular, we have remodelled the introduction with an improved
motivation that clarifies the contribution of the paper within the wider literature.

Referee: 2

Comments to the Author(s)

In “Bounded rational response equilibria in human sensorimotor
interactions,” Lindig-Leon et al. study how humans play a “game”
devised by haptically coupling two players. The players must apply a
force to hit a target, and the force depends on two real-valued
parameters representing the horizontal position at which the force is
being applied (one for each player). It is the “game” parameters

that determine how the spring constant for each player depends on the
current horizontal position parameter of the two players. The authors
consider three such parameter matrices, corresponding to a symmetric
prisoner’s dilemma, an asymmetric prisoner’s dilemma with low

cost, and an asymmetric prisoner’s dilemma with high cost.

The premise for this study is that the Nash equilibrium is the same in
all three games, mutual defection. The quantal response equilibrium,
taking the form of the popular logit equilibrium, differs across the
games and better captures the bounded rationality that humans have
been observed to possess in behavioral economics experiments. The
authors find that here, too, the players behave in a way that deviates
from the Nash prediction and better fits the quantal response
prediction.

| am a little torn on what to think of the results. On one hand, |

like the experimental design, and the authors note that it is based on
a design used in another of their papers. It provides a nice way of
obscuring the payoffs and even the game itself from the players,
providing them with only abstract feedback based on their actions. (I
assume also that the target is chosen randomly to better capture the
trajectory, including potential oscillations, that lead to

“strategy” collected as the endpoint?) But this is not the main
contribution of the present manuscript.

Yes, the target position is indeed randomized from trial to trial to keep subjects
attention for every decision. In terms of experimental design, the main novelty of the
paper is the design of the two asymmetric prisoner dilemma games and their
translation into sensorimotor games, as only this design allows for the discrimination
between the Nash and the QRE prediction. The previous designs did not allow for this
distinction. The main contribution of the paper is to investigate subjects’ behaviour in
these two games and compare to the symmetric prisoners’ dilemma to test the
prediction (Nash vs QRE).



On the other hand, | don'’t really find the results surprising given

how humans have been observed to behave. As the authors note, it is
well-known that humans do not always play according to a Nash
equilibrium of a game, and bounded rationality has been influential in
explaining deviations from classical economic models. The authors’
claim here, assuming | understand it correctly, is that it is unknown
whether the findings of behavioral economics in this regard also hold
for “sensorimotor” interactions. | am a bit unclear what the major
distinction is here. For example, if one were to measure automatic
physiological responses in humans, it might be reasonable to assume
that a priori these behaviors might differ from those involved in
deliberate decision-making. In contrast, the players are instructed to
strategically expend as little energy as possible in hitting the

target (in 1.5 seconds), which makes the experimental design feel as
though its primary purpose is to translate payoff matrices (and the
game) into things that cannot be directly observed by the

participants. With limited information about the interaction, it then
seems natural that traditional descriptions of human actions in
behavior economics would be relevant. Is this not the case?

We thank the reviewer for raising the question about sensorimotor decision-making
and its relation to other studies in behavioural economics. Accordingly, we have
amended the Introduction to clarify this relationship. Our study is part of a broader
family of studies that have investigated differences between decision-making in
sensorimotor tasks and cognitive tasks---see for example the review chapter A. Toga
S.-W. Wu, M. R. Delgado, L. T. Maloney, “Motor decision-making” in Brain Mapping: An
Encyclopedic Reference, A. Toga, Ed. (Elsevier Science & Technology, 2015), pp. 417-
427. While studies in behavioural economics often focus on cognitive tasks in
decision problems with explicitly communicated utilities (often in terms of monetary
payoffs) and clearly defined and known uncertainties (often stated explicitly as
probabilities), sensorimotor tasks typically involve implicit, action-related utilities
(often in terms of motor effort or task accuracy) and experiential probabilities that
have to be learnt from many repetitions. Moreover, motor tasks often involve implicit
learning (e.g. how to ride a bike) in contrast to explicit learning (e.g. involving
cognitive strategies when learning how to play the boardgame monopoly). In our
setup the characteristic feature is that the two players influence each other’s
behaviour continuously in time through force coupling with continuous action spaces
over repeated trials (experiential uncertainty). In contrast, two-player interactions
considered in classical game theory are typically thought to involve cognition in
games with discrete actions and discrete time steps for decision-making such as tic-
tac-toe, the ultimatum game or the prisoner's dilemma---see Braun et al. 2009, PLoS
Comp Biol. To underline the existence of some interesting differences between the
two kinds of games (sensorimotor vs. cognitive), we found, for example, that
sensorimotor interactions regularly converged to the predicted Nash solution of
(defect,defect), whereas cognitive versions of the prisoners’ dilemma regularly lead to
some level of cooperation.

Other studies have also found interesting differences between economic decision

tasks and their equivalent sensorimotor tasks that have been communicated to broad
audiences (e.g. Wu, Delgado, Maloney, Economic decision-making compared with an
equivalent motor task, PNAS, 2009). In particular, it has often been found that human



sensorimotor behaviour abides by rational decision-making models (see for example
the review in Kording, 2007, Science, What should the nervous system do?), whereas
for economic studies deviations from rational behaviour have been more routinely
reported---although this idea has also been contested, see for example Jarvstad,
Hahn, Rushton, Warren, Perceptuo-motor, cognitive, and description-based decision-
making seem equally good, PNAS, 2013. From the viewpoint of this debate, it is an
interesting question whether quantal response equilibria that have been found to
capture behaviour in economic decision tasks are also applicable to sensorimotor
tasks, or whether rational concepts like the Nash equilibrium are adequate to capture
sensorimotor interactions more generally (as has been suggested for maximum
expected utility models in single agent sensorimotor tasks). Finally, our results do not
simply replicate QRE findings from behavioural economics in a sensorimotor task, but
we found that the quantal response equilibria are sensitive to strategy priors (see
Figure 2), which is arefinement of the original QRE concept and therefore provides an
interesting result in its own right.

Perhaps the strongest indication to the contrary is in the authors’
claim that several studies show that humans who are haptically coupled
in this kind of sensorimotor experiment actually do converge to Nash
equilibria. Here, however, the referenced articles [7, 8, 19, 25] are
authored by the third author of the present study, so initially it is
confusing whether the present study is aimed at refuting earlier
results or expanding upon them. Later, in the discussion, this is
clarified a little, where it is stated that earlier studies tracked

only quadrants and could not distinguish between Nash and quantal
response equilibria. So, assuming | understand the authors’
intentions correctly, this study is not a refutation of commonly held
beliefs about sensorimotor interactions, either.

With that said, although | do find the experimental design to be quite
clever, my opinion is that the study does not represent a significant
enough advance to be of broad interest to the Proceedings B
readership.

In previous studies we have indeed found that the Nash equilibrium concept was
adequate to describe subjects’ behaviour. Importantly, however, this was not a
consequence of an insufficient analysis of the data in the previous studies, but a
consequence of the experimental design, as in all games we have tested so far the
Nash equilibrium and the QRE coincide and make the same predictions. Also, the
Nash concept for sensorimotor interactions has found broadly interest and has been
prominently reviewed (see for example, Wolpert, Diedrichsen, Flanagan, Principles of
sensorimotor learning, Nat Rev Neurosci, 2011), but has not considered the possibility
of the QRE. The main novelty of our current study is therefore an experimental design
that can distinguish between the two. In that sense, one could argue that we “refute”
the previous stipulation that Nash equilibria may provide a general tool to capture
sensorimotor interactions, even though our previous result that the Nash equilibrium
captures sensorimotor behaviour in the particular games that we tested is perfectly
fine (since it is the same as the QRE solution in these games).



Appendix B

We thank the reviewers for their responses and have adapted the results to
include the details of the statistical evaluation.



