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Abstract. Hofstede et al. cultured negotiating agents simulation pro-
duced realistic behavior by incorporating Hofstede’s dimensional model
of culture in the agent’s negotiation protocol and overall behavior. Given
such a promising model to generate actual human-like behavior in artifi-
cial agents, and the lack of sound and well accepted replication method-
ologies, we reviewed our original replication research: the parameters
sensitivity test replication, a new real countries indices simulation repli-
cation, the roadblocks encountered during the process and the sugges-
tions in order to avoid such obstacles. New results continue to show a
relational equivalence.
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1 Introduction

Building a realistic multi-agent based social simulation requires incorporating
the effects of culture on the behavior of the agents. Hofstede et al. multi-agent
simulation in [1] represents a milestone in the generation of culturally differen-
tiated agents: Hofstede’s dimensional model of culture is applied on agents that
negotiate goods in a trade network, reproducing qualitative aspects of actual
intercultural trade reported in the literature [10] and showing that the model is
sensitive to variations on the cultural dimensions values.

In this paper, our objectives were to replicate that work, following the au-
thors’ suggestion for further validation [1], p.19, and to highlight the difficulties
encountered and suggest solutions in model replication. The replicated model
was implemented in Java, using the Repast Simphony3 toolkit, while the origi-
nal model was implemented in Cincom Smalltalk, using the CORMAS4 toolkit.

In the next section, we start by making the case for simulations replication.
Then, we briefly introduce the original model [1]. Then, we move on to the diffi-
culties we encountered in the replication process. Next, we present the replicated

3 http://repast.sourceforge.net/index.html
4 http://cormas.cirad.fr/indexeng.htm



model, according to [7] and [4] standards. We refer you to [1] for more complete
description of the original model and theoretical background. Results are ana-
lyzed according to the original simulation hypotheses and results. Afterwards, we
make suggestions on how to improve the process of simulation and replication.
We conclude with what we learned from the process of replicating the original
simulation [1].

2 Simulations Replication

As Axelrod argues in [3], although simulation as a research methodology is an
important and increasingly used way of doing science, one of its shortcomings is
that systematic replication of published simulations is rarely ever done. Axelrod
further argues that replication is one of the hallmarks of cumulative science and
a necessary aspect of doing simulation if one is to trust its results. Overlooking it
might allow published simulations at large to go around unchecked, with possible
ambiguity and errors in their descriptions, bugs in the code as well as subtle
differences in the way floating point arithmetic is handled in different systems,
as Axtell et al. [4] found out.

Regarding a workshop on simulation models comparison analysis, Rouchier
et al. [11] argue that simulation research can be categorized in a number of areas,
among which, they also argue, as [4] and [5] do, that simulation models should
be replicated in order for them to be trusted. The case in point, Merlone et al.
[12] replicated a model of population dynamics in urban districts but with 3
different implementations, i.e., the replicated model was implemented using 3
different toolkits/languages, having shown, as [4] also have, how model results
can be sensitive to the implementation technology. Additionally, Rouchier et al.
[11] also argue that replication is a common practice in empirical science.

Hales et al.[5] point out that published results are sometimes hard to interpret
and explore and their models descriptions replications from the published papers
are often quite difficult. To make matters even worse, Wilensky and Rand [7]
note that there is a lack of widespread knowledge on how to replicate and on
how to validate replication results. Furthermore, Hales et al. [5] also argue that
simulation models and its results should not be trusted until they have been
replicated. Wilensky and Rand [7] suggested guidelines on what information to
publish about any given replication. We follow those guidelines for defining our
replication.

2.1 Replication Results Classification

To highlight the need for simulations replication, Axtell et al. [4] replicated 8
agent based models. During this exercise, they found several problems regarding
ambiguity, incomplete information and description errors. Additionally, Axtell
et al. [4] defined 3 decreasing levels of replication results classification. The first
level is numerical identity and is clearly the most difficult to achieve as it re-
quires the precise reproduction of the original simulation results. The second



level is distributional equivalence and it means that the replication results are
statistically indistinguishable from the original model results. The final level is
called relational equivalence; here qualitative relationships between replicated
model and original model variables are achieved.

3 The Original Model

Hofstede et al. implemented a multi-agent simulation of culturally differentiated
negotiating agents based on the Agent-Based Market Place (ABMP) negotia-
tion protocol [8], an utility function by Tykhonov et al. [9], and the Hofstede’s
dimensional model of culture [1]. In the simulation, the incorporation of the
dimensional model of culture into the agents ABMP parameters, and the util-
ity function weights, produced culturally realistic behavior and it showed to be
sensitive to variations of the Hofstede’s cultural indices [1].

3.1 Hofstede’s Dimensional Model of Culture

Hofstede and colleagues define culture as the unwritten rules of society [1], which
set a group apart from another and that ease communication within each one.
The rationale behind Hofstede’s dimensional model of culture is that there are
social patterns of behavior, stable across generations. Hofstede’s model captures
those social patterns through a combination of 6 different dimensions:

– The Collectivism versus Individualism (IDV) dimension informs how
close a member is to a group. In individualist societies, the ties between
individuals are very loose, people are expected to look after themselves, while
in collectivist societies, people are integrated from birth into strong, cohesive
in-groups, who protect their members and, in turn, ask for member’s loyalty.

– The Large versus Small Power Distance (PDI) dimension reflects how
authority is seen by those that are at the bottom. In large power distance
cultures prominent social figures, such as politicians and police, are expected
to be authoritarian. In small power distance cultures people are born equal
and a democratic order prevails.

– The Masculinity versus Femininity (MAS) dimension is about the so-
cial roles of men and women in society, i.e., more aggressive versus more nur-
turing roles. Most traditional and modern societies share a common pattern
of gender roles distribution: men are supposed to be fighters while women
are supposed to take the tender, caring roles.

– The Uncertainty Avoidance versus Uncertainty Tolerant (UAI) di-
mension informs how a society deals with unknown or ambiguous situations,
how a society reacts to them. Uncertainty avoiding societies protect them-
selves from outside interference with strict rituals and norms, such as reli-
gious rules. Uncertainty tolerant societies are more receptive to novelty and
display a natural curiosity.



– The Short-Term versus Long-Term Orientation (LTO) dimension in-
forms if a society lives for the present and past, by fostering appropriate
virtues such as respect for tradition and preservation of face, or if it focuses
on the future instead, by fostering virtues as perseverance and thrift (habit
of saving, related to economical management).

– The Indulgence versus Restraint (IVR) dimension is about the op-
position between acting as one desires in fun and leisure related activities
(indulgence) and the conviction that such desires must be controlled and
restricted by strict social norms (restraint). This dimension is not present in
the original simulation model [1] so we did not consider it for the replication.

Each dimension is assigned a real value in a [0, 1] scale to define a culture.
These dimensions were found by statistical procedures by analyzing several ques-
tionnaires data about people’s values throughout time and were found to cor-
relate with several objective measurements, e.g., PDI was correlated with the
use of violence in domestic politics and with income inequality in a country [2].
Actual human cultures dimension values usually lie in between extreme values
[1][2].

3.2 The Negotiation Protocol

Briefly defined, the Agent-Based Marketplace Protocol (ABMP) protocol [8]
consists in proposals exchange between 2 parties, where each new proposal by
an agent represents a concession to that agent previous proposal. A negotiation
round consists of one of the parties sending a proposal to the other party and then
this party evaluating that proposal utility, through Tykhonov et al. [9] utility
function in Hofstede et al. [1] model, and calculating a new proposal utility, using
the same function. This utility function calculates the utility by combining all the
proposals attributes and mapping them into the [0, 1] interval. Agents culture
influences, of course, the utility calculated for any proposal, in particular, agents
quality preference and risk aversion. The ABMP parameters, also affected by
the agents culture, govern their negotiation behavior: their decision to accept a
proposal or not, and to either continue or cancel a current negotiation. These
parameters are:

– Concession factor, the fraction of an opening bid utility that an agent is
willing to give in during the negotiation. This means that if an agent finds
a proposal utility to be under this minimum utility, he rejects that proposal
and cancels the negotiation.

– Negotiation speed, a parameter involved in determining an agent next
proposal utility. It is also involved in comparing that expected utility with
that of a received proposal.

– Acceptable utility gap refers to the maximal difference that is acceptable
to an agent, between the agent target utility and the partner agent last bid
utility. This calculation can lead an agent to end the negotiation for several
reasons if the difference between his target utility and his partners last bid



utility is greater than the acceptable utility gap: a received proposal utility
may be below the minimum utility, a partner proposals utility progress may
be slower than expected, or simply not being possible to make a new bid with
the target utility. In the latter, an agent will terminate the negotiation and
in the other 2 cases, the probability that an agent will end the negotiation
will depend on the impatience parameter.

– Impatience is, thus, the probability of canceling a negotiation if a proposal
utility is too low or if there is not enough utility progress.

Hofstede et al. [1] use a utility function in their ABMP protocol proposed by
Tykhonov et al. [9] that represents the utility of a proposal by combining proposal
attributes with utility function weights. In the first step, a proposal is categorized
into 3 components, its business value, its quality and its risk. Afterwards, these
3 components combine themselves, respectively, with an agents preferences for a
proposal business value, quality and risk. The sum of these 3 products yields a
proposal utility. Hofstede’s dimensional model of culture influences negotiation,
by incorporating the model 5 dimensions positive and the negative effects on
the ABMP parameters and utility function weights and it indicates whether the
ABMP parameters and the utility function weights may increase or decrease.

3.3 Simulation Context

The context of the simulation is one of the bargaining sessions in which agents
negotiate a transaction of a commodity with either basic quality or superior
quality [1]. There are 8 customers and 8 suppliers, with each agent type being
connected to all of the other agents with opposite roles, i.e., a customer agent
is only connected to supplier agents and vice-versa. An agent can only engage
in a negotiation (an exchange of business proposals) with 1 agent at a time.
A simulation run takes 200 time-steps, and in the first time-step only customer
agents act. In each time-step, all agents check for new messages from other agents
and take trading decisions. All messaging between agents takes 1 time step to
arrive to the other party. As a consequence, all agents have the same chance to
communicate with all other agents.

3.4 Model Entities Overview

In order to make sense of the model entities, we present our abridged replication
model class diagram, in Fig. 1, in order to help us make sense of how the several
entities relate to each other. We present them in this section of the original model
as our replication was implemented using the same entities, i.e., all classes except
for the less critical hnAgents (starts the simulation), QualityComparator and
TraderComparator classes share the same name/role as in the original model [1]
implementation.

In Fig. 1 we can see how the trading agents model is implemented. A trading
agent is represented by the TradingAgent class and this entity knows about
other trading agents in the simulation by means of a list of partner models



Fig. 1. Replication Model Class Diagram. Full lines represent associations, dotted lines
represent dependencies. Class fields and methods are omitted for clarity.

(PartnerModel class). A partner model represents information that a trading
agent has about another agent. We can also observe a TraderComparator class
and a QualityComparator class: the former is used by the trading agent in order
to find a partner trading agent to start a new negotiation with while the latter
is used by the supplier to sort its stock quality. A Proposal class represents the
negotiation proposals that 2 trading agents exchange witch each other, in order to
potentially reach an agreement. If that is the case, a transaction will be registered
and it will contain the full proposal exchange history (negotiationHistory field).
Finally, a trading agent entity has an association with the TracingMessage class
in order to find out if the supplier trading agent has cheated on the commodity
negotiated quality: the reply with the commodity true quality is afterwards saved
in the trading agent tracingReports list.



3.5 Agent Step Function Overview

An agent turn starts by checking if he has received any new messages of the
following types, in this order:

1. Commodities (only customer agents do). If a customer receives any
commodity, he must decide whether to trust the supplier on the agreed
commodity quality or to request a quality verification to a tracing agent
instead. If he chooses the former, he immediately stores the commodity.
Otherwise, he will have to wait for the tracing report.

2. Tracing reports. Receiving a tracing report means knowing the true quality
of the commodity traded: suppliers will be fined if they cheat and their
trustworthiness completely reinforced to its maximum value.

3. Trade proposals. If there is a current negotiation going on, the partner
agent proposals will be saved to the current negotiation history collection.
For all other agents, only the last proposals received are saved.

1. If there is no current trading partner, one will be chosen from the
collection of partner models.

(a) If the chosen partner has already sent a trade proposal a reply will be
generated and that will signal the start of a negotiation. If he has not, a
new proposal will be sent to him.

2. If there is one, meaning that a negotiation is occurring, a trading
agent can either:

(a) Find the proposal acceptable and try to finish the negotiation by either:
i. Replying with a proposal equal to the last one he received, if he is a

customer (still subject to appreciation).
ii. Delivering the negotiated commodity, if he is a supplier, and actually

finishing the negotiation. Immediately after delivery a new trade
partner is chosen.

(b) Choose to continue negotiating, by replying with a proposal.
(c) Cancel the current negotiation and seek a new trading partner.

Additional comments. If an agent does not receive a reply in 2 time-steps, he will
quit the negotiation and seek a new trading partner. Only the supplier knows
the real quality of the commodity, creating, thus, an opportunity to deceive the
customers. Each agent then evaluates each proposal and chooses one in order to
start a bargaining session with the agent that sent that proposal. The bargaining
session can either end in a successful transaction or be canceled by one of the
parties in case a negotiation session proposal does not meet an agents preferences.
If the customer has been deceived, the supplier has to pay a fine. Finally, an
agent updates his beliefs about partners, based on negotiations and commodity
testing experience. A proposal has 3 attributes: price, quality and certification.
Hofstedes cultural dimensions influence agents quality preference, risk aversion,
negotiation speed, acceptable utility gap and impatience. Furthermore, agents
societal status and group membership also influence their behavior.



4 Model Predictions for Trade

Hosftedes dimensions influence on trade is quite diversified for different cultures.
We briefly highlight some examples by Hofstede et al. [1] on how it can impact
trade behavior.

Traders from egalitarian societies will always negotiate while traders from
large power distance societies will feel the unbalance that high status traders
bring to the table, by enforcing their will. High social status traders prefer high
quality commodities in order to show off their dominant social position. These
traders accept risk since they dont expect to be fooled by lower-ranked trad-
ing partners. On the other hand, lower ranked agents avoid risk and go for
low quality commodities. Uncertainty avoiding traders avoid risk, particularly
with strangers. Collectivist traders discriminate between in-group and out-group
partners, favoring the former. Individualist traders only consider their own goals
while trading, they are very one sided. Feminine culture represents coopera-
tion in the negotiation process, with a strong interest in creating a trustworthy
relationship with the trading partner. This bonding might create faster negoti-
ation processes in the future. Masculine traders are impatient, interested in fast
trades with as many high quality transactions as possible. Long term oriented
traders show patience; they neither drop out of a negotiation easily nor do they
charge too much. Short term oriented traders are reliable and operate according
to moral, to the local appropriate behavior, and will give in to higher status
agents.

5 The Replication Process

We start with the difficulties encountered during this exercise and then we focus
on [7], where the authors addressed the issues of replicating models and make
recommendations on information to publish for both original simulations and
their replications.

5.1 Difficulties Encountered

Human language ambiguity. As reported by [5], although the focus of a
paper on simulation is not on a complete and precise model description, that
absence is felt when one first tries to replicate a model based on sparse model
textual descriptions. For example, in the following sentence, from the article [1],
p. 5, ”The customer can either trust the supplier’s quality statement, or request
third-party testing at the cost of a fee.”, one has no idea about the agent precise
instructions to carry out such operation. Requesting access to the source-code
was our way forward, beyond the ambiguity of natural language.

Documentation ambiguity. We also noticed some minor but still rele-
vant elements of ambiguity in the simulation documentation that was sent to
us. Some concepts used throughout the documentation, in comparison with the



same concepts used in the paper, had different names. For example, in the cul-
tural configuration file the quality typical value was called ”bwq”. This is quite
common in Informatics at large, the so-called problem of consistent documenta-
tion.

Unfamiliar technologies. We were unfamiliar with the simulation source
code programming language, Cincom Smalltalk, and had to learn its basics.
Particularly, Smalltalk operator precedence rules were of critical importance.
As a code specific example, the method that calculated proposals prices proved
to be such a case where an initially erroneous interpretation of the underlying
mathematical equation was doubling the number of successful transactions when
compared to the expected results. Code clarification requests were needed several
times. Also, we felt the CORMAS toolkit installation process to be rather user-
unfriendly, and we underwent technical difficulties trying to load and run the
original model.

Model code bugs. We came across some constant values mismatches be-
tween the values in the paper and those in the source code. The maximal im-
patience value was set to 1.0 in the code whereas in the paper it was to 0.7
[1], p.16. In one method related to the utility function, quality and risk maxi-
mal values were set to 1.0 instead of the 0.5 reported value [1], p.16. This issue
was again enlightened through email exchange and actually lead to the original
model being re-run by their authors. Albeit that informal re-run, the hypotheses
were still confirmed.

No methodologies used presented. We did not know exactly how the
original model results were assessed regarding each hypothesis. Relevant statis-
tical data, such as the standard deviation, were missing in the results section
[1], p.15. Only focal measures averages were provided. Here we also asked for
original samples or additional statistical data and how the original results had
been assessed.

No simulation and replication methodologies. Of course, overseeing all
the previous difficulties reported, the lack of solid, standardized and enforced,
simulation and replication methodologies, as Wilensky and Rand [7] also argued.

5.2 Items to Include in a Replication

We followed Wilensky and Rand [7] advice of listing a set of items to be included
in published replications. These items define the process of replication and the
type of replication results, among other issues.

Category of Replication Standard: We hope to achieve a distributional
equivalence but for now, we can only produce a relational equivalence.

Focal measures: Number of successful transactions, percentage of failed
negotiations, percentage of top quality transactions.

Level of communication: Regular email contact with one of the original
authors.

Familiarity with language/toolkit of original model: None.
Examination of source code: Studied in-depth. It provided the simulation

algorithms to the replication model.



Exposure to original implemented model: None, the source code was
loaded in CORMAS but we experienced technical difficulties using that toolkit,
for example, in running the original simulation code.

Exploration of parameter space: We examined results from the original
paper model sensitivity tests.

6 Results

For our replication runs, we followed the same rules as [1]. Runs took 200 time-
steps and each configuration was run 10 times. There were 8 supplier agents
and 8 customer agents, with each group member connected to the other group
members. An agent could only engage in one negotiation process at a time.
In this paper, we focused on the model parameter sensitivity simulations and
the USA versus Japan scenario simulation. We analyzed our data regarding the
hypotheses statements and the original model results in [1]. Since we had access
to individual sample results for the parameter sensitivity tests, and most of the
USA versus Japan scenario, we performed Kolmogorov-Smirnov tests to compare
replica and original data. We present each test p-value. We start our analysis of
the hypothesis for the model parameters sensitivity simulation in Table 1. Each
cultural stereotype is defined by the culture type, the dimension indicated with
a high or low value (0.9 or 0.1) and all others with 0.5, and a relevant trait to
that stereotype.

H1 is confirmed. In hierarchical societies (PDI + and PDI -), substantial
top quality transactions were preferred by high status agents and low status
agents preferred basic quality products.

H2 is partially confirmed. In hierarchical societies, high status clients
bought more from low status suppliers although top quality transactions were
about 30% less than the equal high status scenario ones. A somewhat expected
problem emerged with the high status suppliers trading with low status clients:
low transactions, high failure rate and no top quality commodities traded, as it
also emerged in [1], p.16.

H3 is partially confirmed. Uncertainty avoiding traders (UAI +) dealt
mostly top quality products and the opposite happened with uncertainty tolerant
(UAI -) traders. But regarding the number of successful transactions and failure
rate there is no clear contrast between the 2 types and thus we could not confirm
the expected smoother trade from uncertainty tolerant traders.

H4 is confirmed. In uncertainty avoiding societies, failure rate increased if
trade was made with different partners instead of similar ones.

H5 is partially confirmed. Apart from the low percentage of top quality
(20%) transactions traded, in-group trade in collectivistic societies (IDV -) was
much higher and smoother than the out-group. Collectivist out-group trade was
also less effective than individualistic (IDV +) trade.

H6 is partially confirmed. Failure rate was high in the masculine society
(MAS +), around 56%, as expected, but it should have been higher. Also, the
number of successful transactions should have been lower when compared to the



Table 1. Replicated model results vs. original model results for the 16 cultural stereo-
types. Each stereotype relates to a particular Hofstede dimension extreme value, for
both ends of the scale. The cultural dimensions are defined as follows: PDI stands for
Power Distance, UAI for Uncertainty Avoidance, IDV stands for Individualism, MAS
for Masculinity and LTO for Long-term Orientation. The number of successful trans-
actions is referred by # of Trans., the percentage of failed negotiations by % Failed.
Negot. and the percentage of top quality transactions by % Top Quality. Rep. refers to
the replica data and Orig. to the original model data. P-value is represented by pV.
Cust. refers to customers and Supp. to suppliers. Results were averaged.

Culture Type Conditions # of Trans. % Failed Negot. % Top Quality
Rep. Orig. pV Rep. Orig. pV Rep. Orig. pV

PDI +

Both Status High 40 44 0.40 51 57 0.01 100 97 0.01
Both Status Low 32 50 0.0 62 60 0.40 0 0 1

Cust. Status Higher 69 77 0.16 38 45 0.05 61 98 0.0
Supp. Status Higher 6 4 0.40 87 92 0.05 0 0 1

PDI - 60 72 0.16 44 49 0.05 13 2 0.0

UAI +
Similar Partner 42 29 0.0 50 71 0.0 90 76 0.0

Different Partner 31 27 0.05 60 73 0.0 97 87 0.0
UAI - 42 49 0.40 55 58 0.40 0 1 1

IDV + 53 66 0.0 43 50 0.01 13 1 0.0

IDV -
Ingroup Partner 72 117 0.0 14 13 0.99 18 61 0.0

Outgroup Partner 28 39 0.0 64 65 0.79 0 0 1

MAS + 47 36 0.05 56 71 0.0 98 80 0.0
MAS - 39 61 0.0 51 45 0.05 0 0 1

LTO + 41 55 0.01 49 52 0.40 0 0 1

LTO -
General 30 24 0.05 60 72 0.0 100 95 0.01

Cust. Status Higher 74 57 0.01 27 47 0.0 77 91 0.0

number of successful transactions of feminine societies. The percentage of top
quality transactions is aligned with the cultural behavior expectation.

H7 is partially confirmed. As expected, failure rate dropped for the fem-
inine society (MAS -) comparing to the masculine society but not substantially,
it was still at 51%. The number of successful transactions should also have been
significantly higher than than the masculine society. We did not measure how
slow the negotiations proceeded.

H8 is confirmed. Trade in short-term oriented (LTO -) societies is mostly
about top quality products.

H9 is partially confirmed. Short-term oriented trade with high status
customers produced approximately the double of transactions and half of the
failure rate than the short-term oriented general configuration, although the top
quality percentage was not as high as the latter: 77% vs. 100%.

Comparing both results, in Table 1, we found that, in spite of the 2 bugs
in the original code, there is still a relational equivalence between both models.
An analysis regarding the 9 cultural stereotypes hypotheses, in [1], p.14, also



displays a qualitative replication alignment. The Kolmogorov-Smirnov tests re-
vealed some distributional equivalence (p-values greater than or equal to 0.5):
50% of the number of transactions, 56% of the failed negotiations, and 38% of
the top quality transactions.

We now analyze our second replication scenario, regarding actual cultural
dimensions indices of USA and Japan in intra and inter-cultural negotiations, in
Table 2.

Table 2. Replicated model results vs. original model results for the USA versus Japan
inter and intra-cultural negotiations scenario. The number of successful transactions
is referred by # of Trans., the percentage of failed negotiations by % Failed. Negot.
and the percentage of top quality transactions by % Top Quality. Rep. refers to the
replica data and Orig. to the original model data. P-value is represented by pV. (*)
indicates that p-Values were not calculated since we did not have access to particular
run individual results. Absence of information means that we did not have access to
the necessary elements. Results were averaged.

Supplier/customer Group distance # of Trans. % Failed Negot. % Top Quality
Rep. Orig. pV Rep. Orig. pV Rep. Orig. pV

USA/USA g = 1 29 31 0.75 62 70 0.05 98 70 0
Japan/Japan g = 1 28 9 0 62 90 0 34 0 0
USA/USA (*) g = 0.5 31 32 62 70 99 69
Japan/Japan (*) g = 0.5 61 43 30 60 22 23
USA/Japan g = 1 27 0 0 66 100 0
Japan/USA g = 1 24 19 0.16 68 81 0 81 37 0
USA/Japan g = 0.7 44 7 0 47 93 0 40 0 0
Japan/USA g = 0.7 32 22 0 61 79 0 45 38 0.05

H10 is partially confirmed. Japanese agents intra-cultural negotiations
(Japan vs. Japan) strongly depend on group distance as the number of transac-
tions nearly doubles and the percentage of failed negotiations is nearly halved
when the group distance is reduced. On the other hand, the percentage of top
quality transactions decreased when group distance was reduced.

H11 is partially confirmed. Inter-cultural negotiations between USA and
Japanese agents (with g = 1) were, in general, less efficient than intra-cultural
negotiations, but not significantly. For example, the number of transactions only
slightly increases from inter-cultural simulations (g = 1) to intra-cultural ones
(also with g = 1), and the percentage of failed negotiations only slightly de-
creases. We can also observe the opposite of the hypothesis prediction, even in
the original simulation, the percentage of top quality transactions in Japan/USA
simulation (with g = 1) is bigger than in the Japan/Japan simulation, both for
the original model and the replica results.

H12 is partially confirmed. In general, better negotiation results are ob-
tained in intra-cultural negotiations even if group distance is reduced in inter-
cultural negotiations. Our inter-cultural negotiations with reduced group dis-



tance g = 0.7 still showed to some surprising results, USA/Japan had 44 success-
ful transactions while the USA/USA (g = 0.5) only had 31, and the percentage
of top quality transactions in Japan/USA was higher than in Japan/Japan (g =
0.5).

Regarding replica and original model results comparison, in Table 2, the
Kolmogorov-Smirnov tests revealed a distributional equivalence for only 25 % of
the number of transactions, 12.5 % of the percentage of failed negotiations and
12.5 % of the percentage of top quality transactions. We also consider that a near
statistical equivalence was obtained regarding the number of transactions in US-
A/USA (g = 0.5) simulation and for the percentage of top quality transactions
in Japan/Japan (g = 0.5).

7 Methodological Suggestions

Software Engineering (SE) overall best practices should be used by modelers
and replicators alike to improve model transparency and clarity. For instance,
by using class diagrams to clarify model entities relationships. Also, starting
to code the least complex entities in the model allows for increased complexity
control and overall quality. Brainstorm sessions could also be productive between
AI and SE academics.

Rouchier et al. [11] identified areas of simulation research categories also show
paths for future research in analyzing both the original simulation by [1] and
our own replication. Categories as comparison and replication, validation and
multi-scale analysis hint at what to explore both in an original simulation and
on its replication. Furthermore, extensive pieces of information were provided
on the paper [11], for example, regarding mathematical elements of the model
implemented in different toolkits, and software engineering elements, such as
sequence diagrams and code flows diagrams.

Following our experience, and that of Rouchier et al. [11], the abridged repli-
cation model class diagram we presented, in Fig. 1, represents an example on
how such software engineering artifacts might help us make sense on how the
several model entities relate to each other.

Besides the software engineering aspects, we also noticed that, within the
model specification, all mathematical formulas could be documented outside
the simulation code as the programming language might difficult their correct
interpretation. Also, all statistical methods could be unambiguously disclosed
and adequate statistical data published, in order to improve results comparison,
as [6] pointed out.

A web site of simulations and replications should be available, like the Open-
ABM platform, but actually requiring solid documentation, individual sample
results, and standards compliance, such as to Wilensky and Rand items [7] or
with the ODD protocol.



8 Conclusion

Artificial Intelligence requests replication exercises, done with a sound method-
ology and with the aid of software engineering, with improved tools, such as
workbenches with built-in statistical capabilities, for running replication exer-
cises. Replication is a must in R&D, and it is our duty to make life easier for
those interested in accomplishing this task. We often forget that every piece of
research needs to be evaluated and repeated by others. Without such an effort,
no results are to be believed. We feel that there is an ever growing body of
replication knowledge and experience that could be used to derive a bigger set
of best practices from, on a way to a standard.

Generally speaking, our replication results confirmed the model hypotheses.
Indeed the replicated model showed parameter sensitivity and the real country
indices simulation showed some degree of hypotheses confirmation but results
are not yet clear. Our replication exercise achieved only a relational equivalence
and will require further testing as for now it seems that the toolkit we used
might be responsible for the lack of statistical equivalence with the original
results. Nevertheless, the use of Hofstede’s dimensional model of culture proved
its influence on the agent’s trading decisions and its interest in being used to
model human social phenomena in AI.
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