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Abstract: This study addresses the concept of theory of mind in terms of negotiation. Using
a meta-cognitive training model our research looks at whether training on a negotiation agent
that uses theory of mind will improve results in other negotiation tasks, in this case the game of
nines. Participants in this study performed game of nines pre- and post-tests, and then trained
with either a meta-cognitive training model with theory of mind or a training model without
theory of mind. The difference in scores between pre- and post-tests for the game of nines were
analysed. The results of the experiment are insignificant. This indicates that the presence of
theory of mind in a training model does not seem to influence performance in these negotiation
tasks.
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1 Introduction

Negotiation has always been a core instrument in
business and it continues to grow in importance
both in professional and personal settings. Whether
it’s lawyers in talks for their clients, shop owners
haggling with their suppliers or business men in
meetings with their colleagues, negotiation is a vital
part of modern society. This increasing valuation
of negotiation has put a priority on teaching work-
ers how to negotiate effectively and efficiently. For
this reason, a negotiation training model is being
developed to aid in the automation of negotiation
training. Our research looks at the improvement
and transfer of negotiation skills through the use of
theory of mind.
Theory of mind can be quite simply defined as
thinking about what other people are thinking.
Theory of mind can be used on an emotional level
which could be somewhat compared to the concept
of empathy but it can also be used on a more tac-
tical level when considering persuation and nego-
tiation. We develop the capabilities of using the-
ory of mind throughout infancy and it affects how
we see the world and how we learn from it (Carl-
son, 2013). It has been shown through the ’false
belief test’ that between the ages of three and five
most children begin to understand that other peo-
ple view the world differently than they do and that

everyone has different perspectives (Gopnik, 1988).
Therefore, theory of mind is with us from quite
an early age and it helps us learn how to act in
many social situations from childhood through to
our adult lives. However, it has been shown that we
do not always use theory of mind in situations that
could benefit from it (Hedden, 2002; Wright, 2010;
Camerer, 2015). Previous research has also shown
that negotiation training can improve people’s ne-
gotiation skills, (ElShenawy, 2010; Movius, 2008)
and also that thinking from the perspective of our
opponent through use of theory of mind is a vi-
tal part of negotiation (de Weerd, 2015; de Weerd,
2014; de Weerd, 2013). As a result of this, the ques-
tion follows as to how we can encourage people to
use theory of mind to learn skills better and if ne-
gotiation itself benefits from theory of mind. Our
research looks at whether theory of mind based ne-
gotiation training can show greater improvement in
performance than training without the use of the-
ory of mind.
Specifically, it looks at whether people who have
trained with a meta-cognitive agent which encour-
ages the use of theory of mind will show a greater
improvement in a separate negotiation task, game
of nines, than people who trained using a non-meta-
cognitive agent which did not encourage the use of
theory of mind.
To test this, two versions of the training model have
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been created, a meta-cognitive version and a non-
meta-cognitive version. The meta-cognitive version
has been implemented to use theory of mind it-
self and to encourage its opponent to also make
use of theory of mind. It assesses the tactics of its
opponent based on factors such as how much infor-
mation they provide about their own preferences
in negotiation and how accommodating they are
to the agent’s requests. Based off of these factors
the agent changes its own strategy to mirror that
of its opponent’s. For example, if the agent deems
that its opponent is playing in an aggressive way
(not sharing preferences, repeating proposals, dis-
missing the agent’s suggestions) then the agent will
play aggressively in return. On the other hand, if
the agent labels its opponent’s strategy as being
co-operative (sharing their preferences, suggesting
exchanges, considering the agent’s suggestions) it
will then adopt a co-operative strategy as well. The
agent values recent moves higher than older moves
as the impact of the opponent’s behaviours on the
agent’s assumption decays over time.
The meta-cognitive agent encourages theory of
mind by providing feedback to its opponent. This
feedback consists of letting the opponent know
which strategy the agent is using (aggressive, co-
operative, neutral), letting the opponent know
what the agent thinks their preferences are, and let-
ting the opponent know what the agent thought of
their last move i.e. whether they thought the move
was aggressive or co-operative. When a round ends,
the opponent is also informed of whether or not the
previous deal was Pareto optimal. Pareto optimal-
ity means that the only way either of the players’
scores could have been higher is if their opponent’s
score went down. A negotiation is considered un-
successful if a deal other than the final deal was
present which could have increased both players’
scores. It is hoped that being exposed to this infor-
mation will encourage the human player to use the-
ory of mind and that they will adjust their strategy
in accordance with the agent’s strategy. The second
version of the model is an agent which permanently
stays in the co-operative strategy and that does not
provide any feedback. This version is not intended
to encourage the player to use theory of mind as
they are not given any indication about the agent’s
thoughts.
The task we are testing for improvement in is the
game of nines. The game of nines is another negoti-

ation task however it is one-dimensional as opposed
to the four-dimensionality of the training task. The
game of nines agent is also meta-cognitive and play-
ers are informed about the current strategy of the
agent by means of a happy, neutral or angry face,
however no other feedback is provided. It is hoped
that the participants who trained using theory of
mind will use theory of mind in this task as well.
Our hypothesis is that participants who trained on
the meta-cognitive model will improve significantly
more in the game of nines from pre- to post-tests
than the participants who trained on the non-meta-
cognitive agent.
This experiment is done in collaboration with
Marten de Jager who tested for an effect on human
to human negotiation results. While both tasks will
be mentioned in the following section, only the re-
sults of the game of nines task will be analysed and
discussed in this paper. For the results of the hu-
man to human negotiation experiment it is advised
that you consult his paper.

2 Methods

2.1 Participants

We ran our experiment on twenty-seven partici-
pants, four of which were from the pilot experiment.
We used a group of volunteer participants and they
were randomly assigned to either the control or
experimental group. Thirteen of the participants
were male. The participants’ ages ranged between
twenty and thirty. They had varying occupations
however the majority of them were students in the
University of Groningen. We ran experiments with
two participants at a time as they were required
to interact with each other during sections of the
experiment. The participants were given monetary
compensation of sixteen euro unless their partner
did not show up and they chose to reschedule in
which case they were given an additional five euro.

2.2 Materials

The experiment was split into five sections: a hu-
man to human negotiation pre-test, a game of nines
pre-test, training, a game of nines post-test, and a
human to human negotiation post-test.
In the game of nines, the interface of which can
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be seen in figure 2.1, participants had to negotiate
with an agent on how to divide nine points between
them. The participant had to select how many of
the nine points they wished to take and the model
could either accept the offer, make a new offer, or
quit the round. The model would quit the round if it
decided that the participant was being unfair. The
round ended when an agreement had been made
or if either the model or the participant quit the
round. When either the model or the participant
quit the round neither of them received any points.
In each round both the participant and the model
had their own Minimum Necessary Share (MNS)
value which is the minimum amount of points they
had to attain in that round in order to avoid los-
ing points. As an example, if the participant agreed
with the agent that they would take five out of the
nine points and their MNS value was two, then the
participants score would increase by three. Both the
participant’s and the agent’s MNS values changed
after each round. In order to calculate how fair the
participant was being the model averages its own
MNS values over the course of the rounds. It knows
that the participant’s MNS values will average out
to be approximately the same as its own. It is then
able to calculate the participant’s minimum goal
for the round. It decided that the participant was
playing aggressively if their value for that round
was very high compared to their calculated mini-
mum goal. The final scores of the block were the
cumulative scores from each round in the block.
The aim of the game of nines was for the player to
get as many points as possible.
The training section of the experiment then began.
In the training portion of the experiment, partic-
ipants negotiated with an agent about their opin-
ions on four different topics regarding smoking poli-
cies using a GUI on the computer. Policies that
they were in favour of were highlighted in blue
and policies that they were not in favour of were
highlighted in red. The strength of the colour in-
dicated how strong their like or dislike of the pol-
icy is. They did not know the agent’s preferences
and the agent did not know their preferences. The
participant then negotiated with the agent about
which policies to put into place until an agreement
had been made on all four categories. With the
experimental group, the agent was meta-cognitive
meaning its play style corresponded with the par-
ticipants play style, the interface is shown in fig-

ure 2.2. If the participant was being aggressive
or co-operative, the agent would be aggressive or
co-operative respectively. The agent’s current ap-
proach was shown through a happy, angry or neu-
tral face for co-operative, aggressive and neutral
strategies. The experimental group was also given
feedback about whether the deal in the previous
round was Pareto optimal or not and they were also
given information about the agent’s understanding
of the players preferences. In the control group the
agent always played co-operatively and the partic-
ipants were not given any feedback or information,
which can be seen in figure 2.3.
For more detailed information about the inner
workings of either the training program or the game
of nines it is suggested to view the negotiation
training model deliverables or the game of nines
submission paper respectively (Stevens; de Weerd,
2016; Taatgen, 2015).
The participants also took part in a human to hu-
man negotiation task in which they had to carry out
the same task as in training but with another par-
ticipant instead of with a model. Their preferences
were provided to them on paper and the conversa-
tions were be recorded using Audacity(R) (Team.,
1999-2014) with the final agreement of each trial
being marked on the preference forms by the pairs.

2.3 Procedure and Design

Our experiment began with the participants sign-
ing informed consent forms, filling in the payment
forms, (See Appendix A) and being briefed on the
task they were required to carry out. The pair of
participants then took part in the human to hu-
man negotiation pre-test. There were six trials in
the pre-test, with the first trial having a time limit
of ten minutes and all remaining trials having a
time limit of five minutes.
The participants were then brought to computers
in their own individual cubicles so that they could
complete the game of nines pre-test. The partici-
pants completed two blocks of the game of nines
pre-test which took approximately ten minutes in
total to complete.
Training then began on the negotiation model. The
training segment lasted for nine trials and took on
average thirty-five minutes to complete. The par-
ticipants then completed the post-tests the game
of nines and then finished the experiment with the
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post-test for the human to human negotiation in
the same pairs as before.
The total length of the experiment was approxi-
mately an hour and fourty-five minutes depending
on the participants. Only the game of nines results
and the training data was analysed.

2.4 Analysis

Our independent variables were which group the
participants were in and the time variable. The
group variable had two levels, control or experi-
mental and the time variable also had two levels,
pre- and post-test. The group variable was between
subjects and the time variable was within subjects.
The dependent variable was the scores of the game
of nines trials. The scores were calculated and kept
track of by the model.
Our data was analysed in R using the software
RStudio (RStudio Team, 2015) and we tested for
score differences in the pre- and post-test game of
nines trials between the control and experimental
group. We used a 2x2 Anova for analysis.

Figure 2.1: Game of Nines Interface
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Figure 2.2: Meta-Cognitive Agent Interface

Figure 2.3: Cooperative Agent Interface
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3 Results

A brief exploratory data analysis of Game of Nines
scores between pre- and post-tests suggests that
there is likely not a significantly greater improve-
ment of scores in the experimental group compared
to the control group. As can be seen in figure 3.1,
the lines representing the control and experimental
groups are almost parallel with the experimental
line just being ever so slightly steeper. We found
no statistical significance in our ANOVA, F(1, 23)
= 0.011, p = 0.9182. The results of two partici-
pants had to be discarded. One of them had to be
removed because they only completed one round
of the game of nines post-test and the other one
had to be discarded because they had previously
completed an experiment which involoved the game
of nines and we thought this might affect their re-
sults in some way. It should be noted that the mean
scores of the control group are higher overall than
the experimental group in both pre- and post-test.

Figure 3.1: Interaction Plot of Game of Nines
Scores Between Groups

4 Discussion

Our hypothesis was that participants who trained
using the meta-cognitive agent which encourages
the use of theory of mind would show a significantly
greater improvement in Game of Nines scores be-
tween pre- and post-test than the participants who
trained using the purely co-operative agent which
did not encourage the use of theory of mind. While

the interaction plot showed an ever so slightly
steeper slope for the experimental group, our statis-
tical analysis showed that there was no significantly
greater improvement in the scores of the experi-
mental group between pre- and post-test compared
to that of the control group. Therefore, we must
reject our hypothesis. This means using theory of
mind did not lead to a greater improvement in ne-
gotiation performance scores in this experiment.
There are many possible reasons as to why there
was no significant difference in improvement be-
tween the two groups. The first and most likely
reason is that the participants did not train long
enough with the agent to see an improvement in
negotiation skills. The experiment generally took
approximately an hour and fourty-five minutes to
complete with training comprising thirty minutes
of the total time. It is possible that this was not
enough time for participants to get to grips with
the training program and for them to benefit from
it. The inclusion of two pre- and post-tests resulted
in participants having very limited time to actually
train with the model. If this experiment were to
be repeated, I would suggest splitting it into two
experiments. While this would take more time and
resources, it would also allow for a far longer train-
ing period and could therefore show better results.
Another potential reason for the lack of greater in-
creased scores in the experimental group is that
they possibly did not actually make use of the the-
ory of mind element of the training model. It was
not explained in great detail to participants what
the mechanisms of the meta-cognitive agent were
in regards to the meaning behind the faces and the
feedback so it’s entirely possible that they did not
pay attention to the written and visual feedback
that the agent was giving to the participants. If
this were to happen and the participants did not
attempt to change their strategies in order to get
better responses from the agent then it’s likely that
they did not interact with the theory of mind ele-
ment of the training program. This would result
in their scores not showing the effects of theory
of mind when used by the participant but rather
purely the effects of a meta-cognitive model.
A possibility in regards to the Game of Nines scores
is that participants did not fully understand the
task they were required to carry out. Many par-
ticipants received negative scores in the Game of
Nines which indicates that this possibility might
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be true. If participants really didn’t fully under-
stand the task then the chance arises that they did
not approach the Game of Nines from a strategic,
negotiation based manner but rather in a more ran-
dom, guessing game type approach. If this were the
case it would explain why any possible negotiation
skills learned during training did not transfer to
the Game of Nines. It should be mentioned how-
ever, that when the negative scores were removed
from the data pool the results were actually less
significant than when the negative scores were in-
cluded. This shows that the negative scores were
not responsible for the insignificance.
As mentioned in the results section, the mean scores
of the control group were higher overall than the
experimental group. This could tell us that the
control group were either better at negotiation
from the beginning or that they pick up new tasks
quickly. Therefore, it is possible that the control
group simply took to the tasks they were asked to
do better than the experimental group and as a re-
sult improved as much as the experimental group
even without theory of mind based training. To
counteract this, I would recommend observing the
mean of the two groups during the experimental
process and ensuring they stay approximately bal-
anced.
Something else to consider is that perhaps the par-
ticipants simply weren’t ready to make use of the-
ory of mind. If they found the training to be quite
challenging as a task on its own then there’s the
chance that they did not have the capacity to use
theory of mind on top of grasping the concept of
the task they were required to do. This could be
combatted by allowing participants to practice with
a non-meta-cognitive agent for a couple of rounds
before the actual training so they can become ac-
customed to the training task and layout.
A final potential reason is that theory of mind sim-
ply does not improve negotiation skills. While this
explanation would not be ideal for the scope of the
training model, it is still something that should be
considered. Seeing as the control group benefitted
the same amount from training without theory of
mind and on a non-meta-cognitive model it could
be said that theory of mind is not needed for im-
provement.
Future research could set out to amend the men-
tioned issues first and if the results show more sig-
nificance then the experiment could be scaled up

to include more participants. It would also be in-
teresting to compare a computerised form of nego-
tiation training with a classic human based training
program to see if there are any differences in per-
formance increase between the two.
In conclusion, it seems that autonomising negotia-
tion training is a viable and potentially successful
option which should be pursued further in the fu-
ture. However, it is still unclear as to the impor-
tance of the inclusion of theory of mind into these
training programs. If it is found that theory of mind
continually does not cause a greater improvement
in negotiation tasks, it would still be worthwhile to
invest time into a training program that does not
encourage theory of mind as it is indicated in our
results that it still improves negotiation skills. On
the other hand, if it is shown in future research that
theory of mind does in fact result in a greater im-
provement then including theory of mind in nego-
tiation training of all kinds should be encouraged.
Research should also be done on what other skills
theory of mind can help train. As the world is be-
coming more and more autonomous in nature it is
important to explore where it is useful to include
technology in our lives and where it is not. Com-
puterised, cognitive training programs can vastly
improve the lives of many people as they could be
more cost effective than a human based teaching
program and therefore accessible to more individ-
uals and can be included into people’s schedules
easier. They also have the potential to be person-
alised to the learning style of the individual, as high
levels of education become more expected and more
people are seeking out education it has become ap-
parent that a standardised teaching system does
not work for everyone. Computerised teaching and
training could provide opportunities to people who
had previously written off education such as those
with autism, learning disabilities or who simply find
it difficult to learn through classic teaching meth-
ods. In the future it is likely that many people will
study through purely technological means so it is
important that we put resources into finding the
best and most effective forms of training for each
field and specialisation. This is why it is important
that we explore how theory of mind could improve
education systems not just in negotiation but in
other aspects of life as well.
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Form of Consent 
 
You will participate in an experiment about negotiation. 
In this study, you will play a negotiation game with one other participant. 
The data will be stored and analyzed anonymously, to ensure your privacy. 
Participation in this study is voluntary.  You may quit at any time. 
You will receive 16 euros for your participation. 
The experiment will last roughly 2 hours. 
 
 
 
Thank you for your participation 
Marten de Jager 
Isabelle Labat-Rochecouste 
 
 
 
 
I agree to participate in the experiment on negotiation. 
 
Name & Signature of Participant     Date 
 
 
 



Game of Nines Instructions 

 

The game of nines is a game in which you must divide nine points between you and computer player 

with the aim being to get the most points. 

In each round you will be given an MNS value on the left hand side of your screen. This value is the 

minimum amount of points you must get that round to avoid losing points. For instance, if your MNS 

is 2 and you agree on 3 points, your profit for the round is 1 and 1 point will be added to your score. 

You can select how many points you wish to keep for yourself and offer this deal to the computer 

player. The computer player can then either accept your offer or make their own offer. If you cannot 

reach an agreement with the computer player, then neither of you get points.   

If you take too long to respond the round will end and a new one will begin, if this is the case or if you 

have any other problems please inform one of the experiment coordinators.  
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