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Abstract: The Kenyan government has made significant advances in water resources management at
the local authority (county) level with little or no cooperation at the drainage basin level. Research on
critical determinants of cooperation amongst transboundary water negotiation teams is limited. In this
paper, we assess whether personal attribute diversity (PAD) is a stronger factor than demographic
diversity (gender, age, and education play) in determining whether the negotiation team will
cooperate or make unilateral actions. We use a negotiation game to study decisions taken by
water policymakers. After that, we conduct a multiple discriminant analysis (MDA) to assess the
influence of PAD, gender, age, and education on water negotiation outcomes. The findings indicate
that PAD plays a significant role in determining whether the group will cooperate or compete.
Gender, education, and age barely influence the outcome. Only upon removal of the PAD variable do
we see an increase in the discriminant power of gender and education. Age has minimal influence on
the negotiation outcomes. We apply the research at a lower level of governance (Nzoia River Basin).
However, results might be extrapolated to a bigger basin, like the Nile Basin, through future multiple
level analysis which takes account of the complex socio-technical systems.

Keywords: personal attributes diversity (PAD); demographic diversity (DD); negotiation teams;
cooperation; unilateral actions; shared superordinate identity (SSI); negotiation game; water resources
management; multiple discriminant analysis (MDA); Nzoia River Basin

1. Introduction

Water scarcity is one of the major challenges facing the world today [1–6]. UN-Water defines water
scarcity as either physical water shortage or inaccessibility caused by failed water supply systems
or inadequate water infrastructures [3]. The problem with this defnition is it combines water deficit
and water scarcity in one defintion, which can be misleading or inaccurate in circumstances where
there is no water deficit but only water scarcity. Jaeger et al. [7] explain that water scarcity should be
distinguished from water deficit. Water scarcity is normative and anthropocentric in nature because it
varies based on temporal, spatial and social values (direct and indirect ) regarding multiple water uses.
We adopt the Kampas and Rozakis [8] (p. 1258) definition of water scarcity as “the opportunity costs
of forgone human options that result from a specific water use decision”. Jaeger et al. [7] explain that
water deficit is purely descriptive. Kampas and Rozakis [8] (p. 1258) define water deficit as “the case
where the water is not enough for a specific biophysical process”.

United Nations (UN) Food and Agriculture Organization (FAO) statistics indicate that
approximately one-fifth of the global population is living in a water scarce area and one quarter
suffer as a result of economic water scarcity [2]. Economic water scarcity occurs when there is
sufficient water (no water deficit) but no infrastructure or strong governance system to increase access.
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The Global Water Insititute records that approximately 700 million persons in 43 states face water
scarcity [9]. The United Nations Educational, Scientific and Cultural Organization (UNESCO) affirms
that in 2018, 3.6 billion people lived in water scarce regions with a projected increment to 4.8–5.7 billion
in 2050 [1]. The UN Convention to Combat Desertification (UNCCD) climate change scenario predicts
large numbers of persons, upto 700 million, being displaced from arid and semi-arid areas by 2030 [3].
When the surface water is limited, most countries quickly shift strategy and tap into groundwater
resources [10]. Richey et al. [4] ascertain that by 2015, one-third of the largest ground water resources
were distressed.

Anthropogenic interventions and activities to water, soil and air systems are the main contributors
to water scarcity, within a given river basin [5]. Thus there is need for cooperation within a shared river
basin to sustainably manage and control anthropogenic interventions and activities [11–15]. In a shared
river basin, there will always be in-group and out-group tensions as diverse teams are negotiating to
minimise human actions and interventions that threaten current and future water security [6,16–23].
Therefore, the negotiation team needs to create a willingness amongst the different riparian states to
cooperate and sustain the cooperation [13].

Research indicates that the inability of transboundary water negotiation teams to arrive at
a win-win solution [24,25] is a major barrier to cooperation [13] for a given river basin [11,17].
According to research, one approach to counter win-lose solutions is introducing a shared
superordinate identity (SSI) to surpass in and out-group differences [26]. SSI creates a perception
that the riparian governments belong to one group even though they represent different states
or local governments [27–29]. It reduces competition, increases cooperation and helps to avoid
one-sided outcomes [30–32]. It also spurs innovation leading to knowledge creation, knowledge
transfer and improved negotiation outcomes [33–35] According to Gaertner et al. [30], SSI can bridge
cultural divides and reduce inter-group conflicts [32]. It also creates an enabling environment for
developing both bonding (in-group) and bridging (out-group) social capital [34]. Putnam [36] defines
social capital as “social networks and the associated norms of reciprocity and trustworthiness” [36]
(p. 137). Bonding social capital in a river basin binds the people within a given riparian state.
Bridging social capital on the other hand, builds bridges between different riparains states sharing
the drainage basin [36] (p. 143). Climate change has been one of the effective tools to create SSI [17].
Through concerted climate-change actions, bridging social capital between riparian states that share
a given basin has been strengthened [17,37–39].

SSI is essential for diverse out-groups that have a limited history of collaborative actions [40,41].
We define diversity as the distribution of demographic attributes (e.g., age, nationality, racio-ethinicty,
sex, education level) and underlying personal attributes (e.g., values, cognitive, functional, personality,
capabilities, knowledge). Studies confirm that diversity has value [36,42]. First to the network of
water negotiators representing the riparian states within a given river basin, it spurs creativity and
innovation [36]. Haidt [42] (p. 2) states that a diverse environment encourages complex thinking,
increases performance, participation, motivation to do more than the bare minimum and interest in
the subject matter. Where there is inequity, diversity may support the process of removing barriers
to achieving equity and addressing past inequities [18]. Salman [43] explains how a bilateral water
agreement between two downstream countries that share water flows within the river forecloses the
future use of the water by the upstream countries. In this instance, diversity may facilitate the removal
of the foreclosure barrier and address inequities occasioned by the bilateral agreement.

Jackson, Stone and Alvarez [44] classify diversity into two groups, namely, personal and
demographic attributes. Demographic attributes are defined as “immutable . . . readily detected
during a brief interaction with a person, and for which social consensus can be assumed” [44]
(p. 56). Haidt [42] (p. 4) provides a list of demographic attributes, namely, sex, age, race, and
ethnicity. Jackson et al. [44] (p. 56) define personal attributes as “mutable and subjectively construed
psychological and interpersonal characteristics”. Haidt [42] (p. 4) provides a list of personal attributes,
namely, status, knowledge, behavioral style and values. Haidt [42] argues that amongst PAD,
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values (including attitudes) have barely been researched. Kakabadse et al. [45] (p. 23) affirm the
importance of personal attributes, specifically cognitive abilities, values, background and experiences,
in influencing decisions.

Previous research has mainly focused on demographic diversity (DD), with limited studies
on underlying personal attributes diversity (PAD) [46]. Jackson [46] (p.805) identifies the most
studied attributes in diversity research. Sex (DD) was the highest studied, followed by age (DD),
racio-ethnicity (DD), education level (DD), functional background (PAD), tenure in organisation (DD),
tenure in job/team (DD), cognition/mental models (PAD), personality (PAD), education content
(DD), cultural values (PAD) and finally nationality (DD). Most of the studies focused on performance
outcomes with a small percentage focusing on process and affective outcomes.

Haidt [42] argues that different forms of diversity lead to different effects and a general study
on diversity that does not disaggregate it into its attributes may not produce useful policy insights.
Kakabadse [45] concludes that most of the available research is at the conceptual level, with very
limited empirical research on the value addition of diversity. Figure 1 contains literature review on
DD and PAD studies and their respective added value including the elements that contributed to
value-creation [45]. Most of the studies are at the conceptual level with empirical research limited to
studies on: values, cognitive, nationality and age diversity.
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According to Figure 1, gender diversity is the most studied with mixed results on its added value
and the contributing elements to value-creation [45,47–55]. From the literature, age, was the least
studied, with consistent results. Age contributed to improved decision making by balancing personal
drive with caution [55,56]. Moreover, older persons were considered an asset because they possessed
a broader network that was essential in the decision-making processes [56]. Ethnicity is critical when:
social capital needs to be built; new life experiences or unique social connections are missing in the
current network; or influential social personalities are needed [36,45,50,57,58]. Nguyen (2015) indicates
that increased cognitive ability leads to improved review and probing [55].

Functional diversity led to improved decisions and services due to one major element:
increased team cognitive ability [45,55,56,59,60]. The cognitive results were the most consistent.
Cognitive diverse teams made better decisions due to increased team thinking ability [45,60–62].
A value diverse group improves the decisions made due to: increased innovation when working in
mixed teams [45], introduction to unique networks [42], increased cognitive ability [63] and the unique
life experiences of each team member [64].

Demographic diversity is costly, especially in the short-term [36]. Based on Twigg and Taylor [65],
diversity led to reduced levels of trust and social cohesion. The study mainly looked at demographic
diversity (age, ethnicity, income level, education level, occupation, tenure and place of residence) [65],
(p. 1429). De Oliveira and Nisbett [66] conclude that demographic diversity does not lead to wiser
decisions. Putnam [36] (pp. 149–150,165) adds that demographic, specifically ethnic, diversity triggers
anomie and social isolation. He adds, that in the short-term ethnic diversity is negatively correlated
with social capital and engagement in cooperative actions. According to Putnam [36] (p. 149),
increased demographic diversity has demonstrated:

1. Declined confidence in one’s ability to influence the situation and bring about change;
2. Lesser frequency to participate in democratic processes, with increased interest and political

knowledge that is essential for protests;
3. A lower expectation of cooperation by the opposing team to resolve the collective dilemma; and
4. Declining interest to participate in joint actions.

There is barely any research on the discriminant power of DD and PAD in a given group [45].
We conducted this research to address the identified research gap with the aim of reducing the water
management costs that arise from heterogeneity, by predicting the possible future group configuration
and its strongest diversity attribute. In addition, there is no study that assesses what happens when
the heterogeneous groups transform into a demographic homogenous (DH) or a personal attribute
homogenous (PAH) group. Do other subdued diversity attributes take prominence and change the
group dynamics? The outcomes may guide water resources management experts to emphasize on
the most powerful diversity attribute, so as to enhance its benefits, reduce the costs and focus less
on attributes that have limited or no impact on the final outcome. Based on the research outcomes,
further diversity studies in water resources management can be conducted on how to introduce and
strengthen SSI using the most powerful diversity attribute, so that the heterogeneous group enjoys the
benefits of diversity and homogeneity (SSI).

Therefore, we hypothesize that PAD is a stronger predictor than DD (age, education level,
and gender) of water negotiation outcomes (whether a water negotiation groups will develop SSI
surpassing in and out-group differences and cooperate or they will act unilaterally), and will diminish
in PAH groups leading to a change in group dynamics as DD takes prominence. With the use of
a negotiation game known as Nzoia WeShareIt, we examine seven teams of negotiators from four
county governments (Bungoma, Trans Nzoia, Kakamega and Busia) in the western part of Kenya.
By analyzing the in-game and post-game data, we assess which, if any, of these four variables, are useful
in predicting whether the composition of certain negotiation teams will cooperate or act unilaterally,
leading to unhealthy competition for scarce water resources.
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We conducted a discriminant analysis (DA) as a grouping and predictive technique, with the
pre-game and post-game questionnaire data. First, we maintained the status quo, the players negotiate
within an environment where the four variables are under consideration. Afterward, we conducted
a follow-up analysis where we excluded PAD, which is the variable with the highest discriminant
power. We then assessed the power of the other three variables in predicting whether the negotiation
groups will cooperate or unilaterally act. The two instances are compared to assess the discriminating
power of PAD and DD (gender, age, and education level).

The remainder of the paper is organized as follows. First, we provide a detailed description of
the Nzoia river basin case study, the water negotiation game (Nzoia WeShareIt), the procedure we
employed to play the game and collect the research data and how we analyzed the data. The third
section discusses the results of the in-game, and post-game questionnaire data. The final section
discusses and makes concluding remarks.

2. Materials and Methods

In this section, we will explain the case study, the design and application of the Nzoia WeShareIt
negotiation game and a description of the four–pronged data analysis procedure. In step one we
selected the methodology. In step two we conducted a crosstabs procedure. Crosstabs procedure is
used to create cross tables or contingency tables to disaggregate the data according to gender, age and
education. These tables are useful for examining the relationship between two categorical variables.
The crosstab contains the number of cases for all the probable combinations of the three variables.
The third step in data analysis was assumption testing for the multiple discriminant analysis (MDA)
procedure. In the third step, we conducted the MDA. We used the MDA to predict the values of
a grouping variable, based on the independent variables values. After that, we conducted a follow-up
MDA analysis where we excluded the variable with the strongest discriminant power.

2.1. The Nzoia WeShareIt Water Policy Game

The Nzoia WeShareIt game was inspired by the original Nzoia WeShareIt game, which had been
designed for the Nile river basin where different upstream and downstream countries had to negotiate
to earn ‘happy faces’ [16–19,21,67]. Later, we customized the game for the smaller Nzoia basin within
the larger Nile river ecosystem [17,20,67]. Water policy gaming is selected as a quasi-experiment to
understand the contribution of PAD and DD to water negotiation outcomes. Policy games are defined
by Mayer [68] (p. 535) as:

“Reality is simulated through the interaction of role players using non-formal symbols as well as
formal, computerized sub-models where necessary. The technique allows a group of participants to
engage in collective action in a safe environment to create and analyze the futures they want to explore.
It enables the players to pre-test strategic initiatives in a realistic environment”.

Water policy games have been used due to a number of benefits. A policy game may lead to the
building of trust, relationships, and coalitions, through repeated constructive social interactions [69]
(pp. 5–7). Meaningful social interactions [69–71], challenge players existing mental blocks that hinder
cooperation [14]. In the course of the interactions, players clarify existing values and judgments [72]
through “step-wise, round-based interactions [69] (p. 6)” that enable the players to frame and reframe
issues [73]. The players can also jointly co-create knowledge [69] (p. 6), by communicating deep-seated
tacit information that they would never articulate in a formal setting [69] (p. 5). A game setting can
reveal what diplomacy seeks to conceal [74] thus drawing the participants closer to the core problem.
Once the tacit and explicit knowledge is clarified and reframed, a shared understanding of the issues
may develop.

Games have been proven to influence real world outcomes through knowledge diffusion.
When players continuously communicate their shared understanding, it may lead to diffusion of
knowledge [69] (p. 6). During the debriefing session, the players discuss the lessons learned and
how they plan to apply them it in real life settings, leading to knowledge integration [69] (p. 7).
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Knowledge integration also occurs when games simulate a real-life policy challenge and provide the
players with the opportunity to test viable options before applying them to real life circumstances [75]
(pp. 825–826). In a game, the risks are low because there are no real-life consequences to the decisions
made. As a consequence, games provide policymakers with a safe environment to test various policy
options and find the set of options that may work to their advantage [68,75–77].

Conversely, the design of a policy game requires a comprehensive approach to ensure that
knowledge learnt and created during a game session, is transferred into real life. To address
this sustainability challenge, Medema [69] proposes that policy games provide actors with precise
mechanisms that can be incorporated into ongoing processes. We designed the Nzoia WeShareIt
game based on an ongoing policy reform of the overall water governance systems in Kenya [78–80].
The policy game would provide an opportunity for the policymakers to test prospective policies,
which have already been proposed or may be proposed and identify the most viable provisions on
diversity in the water sector. Some research findings recommend embedding a game in an already
ongoing process whose outcomes are critical for the players, to facilitate knowledge diffusion, transfer,
and integration [69–71]. The ongoing processes that we embedded the game in are the current
legislative reviews aimed at developing new laws and regulations that are aligned to the 2016 Water
Act [81]. Additionally, research findings recommend that knowledge integration [69] (p. 7) should
be one of the goals of a game designed for social learning [69,82]. Therefore, we designing the game
we incorporated three game mechanics for cooperation to ensure that there is knowledge diffusion.
First, the players have a shared goal of jointly managing the Nzoia river basin. Second, players had
their own individual goals of making their county government residents happy. Third, the game was
designed to ensure that the competition between the shared goal and the individual goals is healthy
and leads to the development of complementary roles and niches within the basin [16–21,41,67].

The Nzoia WeShareIt game was designed for application in the Nzoia river basin, in Western
Kenya. This river basin comprises of a surface area of 12,900 km2 and is home to approximately
3.5 million persons. The primary economic activity is agriculture (mainly rain-fed), and the basin
produces 30% of Kenyan maize and sugar [23,83–85]. Six counties share the basin, namely: Uasin Gishu,
Trans Nzoia, Kakamega, Bungoma, Busia, and Siaya. Water access in the Nzoia Basin is between 46.7%
and 88.9% (46.7% for Siaya, 82.9% for Busia, 88.9% for Bungoma, 76.7% for Trans Nzoia, 76.1% for
Kakamega and 88.9% for Uasin Gishu). The hydroelectric energy access in the study area is deficient
(4.3% for Siaya, 6% for Busia, 5.6% for Bungoma, 8.9% for Trans Nzoia, 5.6% for Kakamega and 27.9%
for Uasin Gishu) [85]. Currently, most of the residents rely on wood fuel as their primary source
of energy. Also, most county governments do not have enough resources to abstract the water for
food and/or energy production. However, with increased economic growth and a rapidly growing
population, the competition for the shared resource is increasing [23,83–85].

2.2. Game Design Method

2.2.1. Overview and Design

The Nzoia WeShareIt game’s essential characteristics are the counties in the Nzoia basin
and it allows participants to negotiate over resources and products, thus generating an artificial
water-food-energy nexus. Participants in the Nzoia WeShareIt game were 35 water-policymakers from
the Nzoia river basin in Kenya, all of them dealing with water policy and water scarcity challenges in
their daily work. In each game session, there were five players representing the five distinct counties
in the game. The policy makers’ assignment was to fulfil their constituents needs with respect to
food, energy and investment in public services. By fulfilling these needs, they could earn ‘happy
faces’, representing their happy citizens. Each player’s resources (food, energy, water and income),
generation capacity and required turnover to generate happy faces were different according to the
characteristics assigned to their specific county.
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In total there were seven game sessions. We played two game sessions in Busia, Bungoma and
Trans Nzoia county governments, and one game session in Kakamega county government [86]. In total,
there were 12 females and 23 males. Most of the participants had a bachelor’s degree (20). The age
range of most of the participants was 25 to 34 (11), 35 to 44 (7) and 45 to 55 (10) [67].

At the start of the Nzoia game, the players were given a limited volume of water with
pre-determined food, energy and nature parcels based on the amount of water. Thereafter, players can
sell or purchase food and hydro-electric energy for 500 euros per food or energy parcel, to address
their shortages or earn money to supply a certain amount of basic needs to their citizens and thus
generate ‘happy faces’. However, in successive rounds, they have to negotiate the price, so scarcity
may lead to higher prices; abundance to lower prices. Also, the players need to identify which county
governments have a comparative advantage regarding food and/or hydro-electric power production
and negotiate food and energy production quantities and prices. For instance, Busia could negotiate
for a constant supply of food and energy from two different neighboring county governments based on
an agreed price. Thus, the other two county governments would produce excess food and energy and
Busia would ensure that they have the agreed finance to purchase the excess production. The money
earned from Busia would allow the other districts to invest in public services to generate their ‘happy
faces’. The game mechanism guarantees that cooperation leads to better outcomes especially when
scarcity of resources occurs (in a drought period); going alone in such circumstances leads to critical
shortcomings and unhappy faces.

2.2.2. Procedure

Five participants entered into a hotel meeting room, pre-arranged with five board games and
five iPads and all the supporting gadgets and information (Figure 2). As they waited for the other
participants, they first filled in an online pre-game questionnaire. On their desk there was also an
information sheet on how to play the game. Each player was guided by a game facilitator, on the
general tasks and the game instructions. At the conclusion of each session, the participants rated
the Dyad negotiations during that particular trading round, in the form of an in-game questionnaire.
We visualized the results in a leaderboard projected on the screen. In each round, Dyads or Triads
were given 30 min to negotiate during the trading round. The results of the negotiations are recorded
in the iPad and projected in real-time on the whiteboard screen [67].
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Figure 2. Nzoia WeShareIt game session 6 in Trans-Nzoia county government. One key observation
from this game session was the participants barely sat at their tables, they moved around to find
solutions to their common challenges and did not make decisions before discussing with other members
of the water negotiation team.
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Following the game session, participants completed a post-game online questionnaire.
They reported their learning outcomes from the negotiation on a 5-point Likert scale, with endpoints
of 1 (Very Inaccurate) and 5 (Very Accurate). The learning outcomes were phrased in statements like:
through the game ‘I became more aware of the need for joint action.’ More information on the game
design, application and assessment is available as supplementary information S1.

2.3. Data Analysis

2.3.1. Step 1: Selection of Methodology

To conduct our analysis, we needed a statistical procedure that is both a grouping method and
a predictive technique. Discriminant analysis (DA) is used to predict the values of a grouping variable
(which is the dependent variable) based on the values of the independent variables. The grouping
variable is categorical (usually dichotomous, but it can be also multinomial) and the independent
variables should be continuous (however, ordinal variables are also used).

Amongst the grouping techniques, we had to select between cluster analysis (CA) and MDA.
CA groups the population members in homogeneous classes or clusters (or groups). The researcher
does not know the groups in advance; they will be created during the clustering procedure. The cluster
analysis technique computes the distances between cases and then builds a similarity or proximity
matrix based on those distances. The cases that are close to one another are included in the same cluster.

We already knew the groups in advance and did not need to undertake cluster analysis. We needed
a grouping methodology for predictive purposes. We seek to assess whether PAD is a stronger
predictor than DD (age, education level, and gender) of water negotiation outcomes (whether a water
negotiation groups will develop SSI surpassing in and out-group differences and cooperate or they
will act unilaterally), and will diminish in PAH groups leading to a change in group dynamics as
DD takes prominence. Therefore, MDA was found to be the most relevant procedure, based on the
nature of the data and the purpose of the analysis. The game data for conducting MDA is available as
supplementary information S2.

2.3.2. Step 2: Creating the Crosstabs

We used SPSS to create crosstab contingency tables, which are useful for examining the relationship
between two categorical variables. The crosstab tables are in Appendix A. We extracted the
grouping variables and the three independent variables from the pre and postgame questionnaires.
The grouping variables are the 7 game sessions; and (2) four independent variables, namely age range,
gender (male, female), education level and the respondent ID (35 respondents).

Table A1 (Appendix A) are the results from conducting a cross-tabulation of Gender * Education.
The results indicate that the highest number of player’s highest attained education was bachelors
(8 females and 12 male). The lowest education completed was primary education, by one female.
The highest education completed was a Master’s degree. Only one woman and two men had
completed a Master’s degree. There were six male and one female whose highest level of education
was a college diploma.

Table A2 (Appendix A) are the results from conducting a cross-tabulation of Game * Age.
The results indicate that the highest number of players were in the 25 to 34 age brackets (#11) and the
lowest was the 55 to 64 age brackets (#3). Trans-Nzoia county government policymakers were mainly
young persons (25 to 44), and Bungoma county government mainly comprised of elderly persons
(45 to 64). Only one game session (Busia_2) had an even distribution of players in all the age sets:
1 player in each age bracket (see also Tables A3 and A4).

Table A5 (Appendix A) are the results from conducting a cross-tabulation of Game * Gender.
The results indicate that three groups purely comprised of male players. The other three game sessions
had an acceptable gender balance (3 × 2). One group had four females and one male. No group had no
male represented. We performed a chi-square test and tabulated the results in Table A6 (see also Table A7).
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Table A8 (Appendix A) are the results from conducting a cross-tabulation of Game * Education.
The results are similar to Table A1 results. However, Table A8 is not disaggregated by gender. All the
game sessions had players with a bachelor’s degree. The players with the highest education were
from Trans Nzoia county government. The player with the lowest education was from Busia county
government. Trans Nzoia is the upstream county government, and Busia is the downstream county
government (see also Tables A9 and A10).

2.3.3. Step 3: Assumption Testing

Before conducting the MDA procedure, we first checked some assumptions that are required
to be tested before running an MDA procedure, to ensure that the model is robust [87]. The three
assumptions that were tested and met are: (1) the dependent variable is categorical, with disjoint
groups; (2) the independent variables are continuous (or at least ordinal); and (3) there is no critical
multicollinearity (the independent variables are not strongly correlated with each other). The detailed
results of the assumptions testing are in Appendix B.

The last assumption we tested was that the data do not present significant outliers. The outliers
may represent a danger for our proposed analysis because they affect the mean and standard deviation.
We conducted a graphical test, using boxplot chart histograms to identify outliers (Figures A1 and A2
in Appendix B). Based on the graphical representation of all the assessment results of the 20 dependent
variables distributed according to gender (Figure A1) and the seven game sessions (Figure A2),
we identified multiple outliers. Some outliers appear to be extreme because of their distance from
the mean. We proceeded to conduct the MDA, after testing the robustness of the model to determine
whether the outliers affected the model. The model was found to be robust enough not to be affected
by the significant outliers, as described in Section 2.3.2 and Appendix B.

2.3.4. Step 4: Conducting a Multiple Discriminant Analysis (MDA) Procedure

To conduct the MDA procedure, we used the SPSS discriminant analysis function. For the MDA
classification, we treated all groups as equal and used the within-groups covariance matrix. The MDA
functions assigned each case to one group by computing the probability of belonging to one group
based on the scores of the independent variables (IDVs). From the MDA we were able to differentiate
the groups of the response variables. The MDA procedure aims to use the results to identify what
differentiates various negotiators (female, male, young, elderly, and their education level). The MDA
procedure creates the following discriminant function:

y = b0 + b1 x1 + b2 x2 + . . . + bk xk

where the dependent variable is y, the x’s are the explainers and the b, s are the coefficients.
In MDA, the number of discriminant functions created by the algorithm is min (c − 1, k), where c

represents the number of categories in the dependent variable, and k is the number of independent
variables. Therefore, we created the discriminant functions by the following algorithm: min (7 − 1, 4).

3. Results

3.1. In-Game Data Results

There were two datasets of the in-game data that we found relevant for this particular analysis.
The first dataset is the changes in the resources (Food, Energy in the form of Hydroelectric Power and
Money) in the seven game sessions for the five county governments. The second dataset is the grand
total of smileys earned in the seven game sessions for the five county governments. We analyzed the
dataset using the one vital element of cooperation, SSI [88,89]. Figure 3 visualizes the changes in the
food, energy and money resources, based on the negotiations between the five policymakers in each of
the seven game sessions. The in-game data is available as supplementary information S2.
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Based on the results in Figures 3 and 4, we grouped the seven teams as follows:
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1. Group 1: Unilateral actions (Game session 1, 2 and 3 comprising of 15 policy makers in 3 water
negotiation teams).

2. Group 2: Cooperation (Game session 4, 5, 6 and 7 comprising of 20 policy makers in 4 water
negotiation teams).

Based on the varied outcomes (cooperation and unilateral actions), it was not clear what diversity
attribute was the strongest predictor of the water negotiation outcomes. To gain more insights,
we proceeded to conduct an MDA procedure, as explained in the subsequent parts of this section.

3.2. Strength of the MDA Procedure

The program computed four discriminant functions based on four independent variables,
education, gender, age, and respondent ID. Every function derives a meaning depending on the
variables that it is correlated. Also, with the help of the discriminant function, the program computed
the probability whether k belongs to one category or another and assign each k to a category.

Table A11 in Appendix C represents the Eigenvalues of each function. These values show the
importance of each function. The first function has an Eigenvalue was equal to 56.94 and explains
97.1% of the total modal variance. By contrast, the second function is less critical, its Eigenvalue is
only 1.38, and explains only 2.3% of the total modal variance. The third function has an Eigenvalue of
0.28 and explains 0.5% of the total modal variance. The final function has an Eigenvalue of 0.03 and
does not explain any percentage of the modal variance. In the last column of Table 1 are canonical
correlation coefficients. These squares show the percentage of the variation in the response variables,
which is an explanation of the variation by each function. The canonical correlation associated with the
first eigenvalue was equal to 0.99, followed by 0.76. The first function explains the highest variation
whereas function 4 explains the lowest.

Table 1. The table of the Eigenvalues of each function.

Function Eigenvalue % of Variance Cumulative% Canonical Correlation

1 56.935 a 97.1 97.1 0.991
2 1.376 a 2.3 99.5 0.761
3 0.282 a 0.5 100.0 0.469
4 0.029 a 0.0 100.0 0.167

a First 4 canonical discriminant functions were used in the analysis.

The table of Wilks’ Lambda (Table A11 in Appendix C) indicates how strong is the discriminating
power of the independent variables or how well the independent variables explain the dependent
variables. The lower the Wilks’ Lambda, the stronger the discriminating power of the independent
variables. The first line represents the Wilks’ Lambda for all the four functions, which was found
to be statistically significant (Wilks Λ = 0.006, F (24, 148.248), p = 0.0005). Additionally, the Wilks’
Lambda for function 2 through 4 was found to be statistically significant (Wilks Λ = 0.319, F (15, 32.557),
p = 0.005). Since the Chi-square test p-value for functions 1 through 4 and 2 through 4 is lower than
0.005, it indicates that the MDA model is robust.

By contrast, the 3 through 4 and function 4, were not found to be statistically significant
(Wilks Λ = 0.758, F (8, 7.887), p = 0.445) and (Wilks Λ = 0.972, F (3, 0.810), p = 0.847).
Moreover, the p-value in the two tables indicates the distances between the group centroid are
significant. Table A12 (Appendix C) contain the functions of group centroids for functions 1 through 4,
evaluated at group means. For each function, we have at least seven centroids. Since the p values are
lower than 5%, then the distances between the centroid are large enough to be considered significant
for functions 1 through 4. Therefore, there are good chances that the discriminant functions classify
the cases correctly.
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3.3. Test of Equality of Group Means

Table 2 is the test of equality of group means. It presents the Wilks’ Lambda values for each of the
independent variables. Respondent ID has the lowest Wilks’ Lambda, thus the highest discriminating
power, which is statistically significant. The results of the tests of equality of group means of
gender and education and respondent ID are statistically significant. The results of age are not
statistically significant.

Table 2. Tests of equality of group means.

Variable Wilks’ Lambda F df1 df2 Sig.

Gender 0.558 3.697 6 28 0.008
Education 0.560 3.667 6 28 0.008

id 0.020 233.333 6 28 0.000
Age 0.845 0.854 6 28 0.540

F = F-test value, which replaces the Chi-square test value, when there are two degrees of freedom (df).

Based on the pooled within-groups correlations between discriminating variables and
standardized canonical discriminant functions listed in Table A13, the MDA computed the structure
matrix for function 1 to 4. Based on the discriminant functions, the SPSS program computed, for each
case, the probabilities of belonging to each of the seven original groups.

The table of the classification of the results (Table A14 in Appendix C), indicates that all
the classification results for the groups: Busia_1, Busia_2, Kakamega and Trans Nzoia_2 were
correctly classified. However, Bungoma_1, Bungoma_2, and Trans Nzoia_1 were incorrectly classified.
Trans Nzoia_1 is the only group where the females largely outnumbered the males (4 females, 1 male).
Bungoma_1 and Bungoma_2, comprised of purely male teams. Therefore, the incorrectly classified
groups were the extremes. Overall, an outstanding percentage of 94.3% were correctly classified,
proving the power of the discriminant function in our model.

3.4. MDA Procedure 1: Four Function Structure Matrix

Table 3 on the structure matrix, describes the correlation between each discriminant function and
the independent variables. The first function is positively correlated with respondent ID, education and
age and negatively correlated with gender. We could assume that this function is associated with
a negotiation team selected based on PAD, education, and age, with little consideration of education
and no consideration of gender. In function 1, the highest (0.937) positive discriminating factor is PAD
and the only negative discriminating factor is gender (−0.023).

Table 3. Structure matrix for functions 1 through 4.

Variable
Function

1 2 3 4

id 0.937 * 0.013 0.295 −0.187
Education 0.069 −0.475 0.850 * 0.218

Gender −0.023 0.668 0.726 * 0.164
Age 0.017 0.319 0.026 0.947 *

Pooled within-groups correlations between discriminating variables and standardized canonical discriminant
functions. Variables ordered by absolute size of correlation within the function. * Largest absolute correlation
between each variable and any discriminant function.

The second function is positively correlated with ID, age and gender. Function 2 is negatively
correlated with education. We could assume that this function is associated with a negotiation team
selected based on PAD, age, and gender with little consideration of education. In function 2, the highest
(0.668) positive discriminating factor is gender, followed by age and then PAD/skills (ID). Function 2,
as explained earlier, explains only 2.3% of the total modal variance. Function 3 and 4, will not be
considered, because they are statistically insignificant, based on the previous analyses.
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When gender, age and education are combined with respondent ID, the discriminating power of
PAD (respondent ID) shows overwhelmingly that the effect of gender, age and education is negligible,
as evident in function one results of the structure matrix (Table 3). The first canonical discriminant
function is crucial because it explains 97.1% of the variance (Table A11). Additionally, the Wilks’
Lambda for a test of functions 1 through 4 is only 0.006, and its p-value is 0.0005, which confirms
the immense power of the function 1 (Table A11). Function one is heavily controlled by PAD.
The influencing power of education, age, and gender is negligible.

3.5. MDA Procedure 2: Three Function Structure Matrix Less Personal Attributes Diversity (PAD)

Due to the high discriminating power of PAD, in the next MDA model, we removed the
respondent ID from the structure matrix, in favor of looking for generic gender effects. Thus, when we
left the model with only three functions, the structure matrix changed (see Table 4). Gender and
education gained more prominence.

Table 4. Structure matrix for functions 1 through 3.

Variable
Function

1 2 3

Education 0.574 0.818 * −0.037
Gender −0.578 0.815 * 0.044

Age −0.203 0.280 0.938 *

Pooled within-groups correlations between discriminating variables and standardized canonical discriminant
functions. Variables ordered by absolute size of correlation within the function. * Largest absolute correlation
between each variable and any discriminant function.

The first function is positively correlated with education and negatively correlated with gender
and age. Function 1 was found to be statistically significant (Wilks Λ = 0.252, F (18, 39.969), p = 0.002).
Function 2 is positively correlated to all the three independent variables, which was found not to be
statistically significant (Wilks Λ = 0.685, F (10, 10.967), p = 0.36). Function 3 is positively correlated
to gender and age and negatively correlated to education, which was found not to be statistically
significant (Wilks Λ = 0.910, F (4, 2.728), p = 0.604). While the new model is not as strong as the
previous model (42.9% of original grouped cases correctly classified, (see Table A15 in Appendix C),
it provided insights into the probable structural composition of the functions when we do not consider
PAD. Gender and education have a high discriminating power while the predicting power of age
is negligible.

4. Discussion and Conclusions

The results confirm the hypothesis that PAD is a better predictor than DD (age, education level,
and gender) of negotiation outcomes (whether a water negotiation groups will develop SSI surpassing
in and out-group differences and cooperate or they will act unilaterally). The MDA procedure indicate
that the strongest predictor of water negotiation outcomes in the Nzoia WeShareIt game is PAD.
When assessing the impact on negotiation outcomes in the MDA, a four-structure matrix PAD is the
dominant predictor with little or no influence from gender, age and education.

The results also support previous studies indicating that PAD is a stronger predictor of improved
decision-making than DD. Based on the reviewed literature, we attribute PAD being the strongest
predictor of the water negotiation outcomes to four main factors: increased cognitive ability [45,60–63],
innovative decision-making [45], unique networks [42], and unique life experiences [64].

Moreover, when we eliminated PAD from the model, gender and education gained more
prominence and competed almost equally. Thus, when PAD is negligible, for instance a water
negotiation team comprising of only lawyers (functional), with similar knowledge, cognitive skills,
capabilities and values, then gender and education diversity will take prominence. Since age and
gender are negatively correlated, they jointly have a stronger discriminating power than education.
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The discriminating power of gender is the highest because its correlation coefficient is the highest,
followed very closely by education. However, when gender and age are combined, they possess more
discriminating power than education.

These second result clearly presents a challenge and possibly an opportunity. Based on previous
research, it is important to focus more on PAD rather than DD [42]. As Putnam state DD “at least
in the short run, seems to bring out the turtle in all of us” [36] (p. 151). However, the results in
this paper indicate that when PAH negotiation team is constituted, there is a high likelihood that
decisions will be influenced not by PAD (because it no longer exists) but by gender and education level.
Moreover, as earlier discussed, the literature on DD is not conclusive. It provides numerous outcomes
that could not be easily substantiated since most of the studies on DD were conceptual in nature
with no empirical backing. Moreover, DD research indicate that in the short term, DD does not build
trust [65], social cohesion [36,42,65], nor does it lead automatically to improved decision-making [66].
Research also indicates that DD is useful for monitoring, evaluation, service delivery, broadening the
network, tapping into unique networks and fostering equity [45,54].

Therefore, if the aim of the basin management institution is to improve decision making
and enhance cooperation, PAH may be a threat to this aim, thereby presenting a challenge.
Nevertheless, in such instances, there are two policy options that water policymakers may decide upon,
which may open more opportunities for integrated river basin management. First, diversify their PAH
negotiation teams by introducing new members who possess divergent values, skills, capabilities,
functional, cognitive abilities and knowledge. Second, introduce SSI to develop bonding and bridging
social capital that enables the demographic heterogeneous PAH group to surpass their differences,
perceive themselves as one team, and be willing to cooperate.

This empirical study, conducted in Kenya, supports the argument that diversity discussions should
move away from whether diversity is good or bad towards understanding how the different diversity
attributes contribute to cooperative decision-making, their respective elements and their unique value
addition. If the policy aim is improved decision-making in water management, then more focus should
be on PAD than on DD. However, if the aim is improved supervision, monitoring, evaluation and
service delivery, then DD should be the focus when deciding on group composition. In addition,
as argued above, there are different types of DD and PAD, each with different influencing power on
specific circumstances and outcomes. However, it should be noted that the conclusion regarding the
functions of PAD and DD is inferred from the literature review conducted at the beginning of this
paper and not directly assessed in this particular study. Therefore, to get more clarity there is a need
for further investigations on the contribution of different diversity attributes to negotiation outcomes
in a given river basin.

The research approach faced a few limitations. First, the broad assertion that water resource
negotiation teams can be ideally formed with attention to the diversity characteristics presented in
the paper may be considered is an assumption. Sometimes, the formation of the team is based on the
national laws and regulations or other considerations. Moreover, we acknowledge the limitation that
the research is based on outcomes of a simulation game and not an actual negotiation. This is one of
the major challenges faced by transition management experiments, whether gaming simulation or
otherwise. We acknowledge the limitations of the study and propose caution and further analyses in
the form of an actual pilot programme before considering scaling up. Nevertheless, gaming simulation
has an effective role to play in research and knowledge diffusion. Gaming simulation can be attributed
to real life situations through use of a game as a research tool and ensuring a diffusion of knowledge on
real world situations. The Nzoia WeShareIt game was entrenched to the ongoing water policy reforms
in Kenya to test the efficacy of proposed diversity related water policies in a game environment before
actual application in a real-life setting. Another limitation is that the Nzoia WeShareIt game constructed
solely intra-county basin management, whereas most of the water negotiations are conducted at the
international basin level. The Nzoia WeShareIt game is inspired by the Nile WeShareIt game, which we
developed for the Nile basin. The Nzoia river basin is a sub-basin of the Lake Victoria basin and the Nile
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basin. Considering the complexity and challenges in this sub-basin; and it being the largest tributary
to the Lake Victoria basin in Kenya and second largest at the international level after Kagera basin,
and also considering the upstream–downstream tensions within this sub-basin, it seems justifiable
to use the term basin. We also note that the conclusions and the use of the games as a learning tool
for negotiators would have been made much stronger with a meta-game session involving several
or all of the county teams. We hope to implement this in future studies to ensure that the results are
validated at the basin level by all the county governments.

Clearly there is need for further studies to understand these complexities and provide more
guidance to decision-makers on what mix of diversity attributes to focus on, so as to get the intended
outcome. Our study concentrated on water negotiations in the Nzoia river basin in Kenya. Our findings,
therefore, are valid only for this particular situation, but the implications might be wider. The findings
put to discussion the idea that DD rather than PAD characteristics are the best predictor of successful
negotiations. Evidently this is not always the case and we are not the first to make this claim explicit.
Therefore, at the river basin level, determining the predictors of negotiation outcomes can guide
the water policymakers to focus on strengthening the high predictors to get the best outcome out of
a planned water negotiation. This information would support or expedite the process of developing
cooperative framework agreements aimed at increasing water access and reducing water scarcity.

Supplementary Materials: The following are available online at the TU Delft Repository. S1: The game
design concept report is found in the TU Delft Repository: (http://doi.org/10.4233/uuid:3a1f1e27-274b-
4459-8a14-ba3068a9cb4a). S2: The data used to conduct the MDA, found in the 4TU open data repository
(10.4121/uuid:b1d47ae5-e1e2-4b0e-a7eb-df9450574f6b).
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Appendix A : Crosstabulation, Chi-Square Tests and Symmetric Measures

Table A1. Gender * Education crosstabulation.

Count

Education Completed Primary
Education

Completed
Secondary Education

College
Diploma

Bachelor’s
Degree

Master’s
Degree Total

Gender
Female 1 1 1 8 1 12
Male 0 3 6 12 2 23

Total 1 4 7 20 3 35

Table A2. Game * Age crosstabulation.

Count

Age 18 to 24 25 to 34 35 to 44 45 to 54 55 to 64 Total

Game

Busia_1 1 3 0 1 0 5
Busia_2 1 1 1 1 1 5

Kakamega 1 1 1 2 0 5
Bungoma_1 1 0 1 2 1 5
Bungoma_2 0 1 1 2 1 5
TransNzoia_1 0 3 2 0 0 5
TransNzoia_7 0 2 1 2 0 5

Total 4 11 7 10 3 35

http://doi.org/10.4233/uuid:3a1f1e27-274b-4459-8a14-ba3068a9cb4a
http://doi.org/10.4233/uuid:3a1f1e27-274b-4459-8a14-ba3068a9cb4a
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Table A3. Chi-square tests: Game * Age.

Chi-Square Tests Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 16.509 a 24 0.869
Likelihood Ratio 22.302 24 0.561

Linear-by-Linear Association 0.498 1 0.480
N of Valid Cases 35

35 cells (100.0%) have expected count less than 5. The minimum expected count is 0.43.

Table A4. Symmetric measures: Game * Age.

Symmetric Measures Value Approximate Significance

Nominal by Nominal Phi 0.687 0.869
Cramer’s V 0.343 0.869

N of Valid Cases 35

Table A5. Game * Gender crosstabulation.

Count

Gender Female Male Total

Game

Busia_1 3 2 5
Busia_2 2 3 5

Kakamega 0 5 5
Bungoma_1 0 5 5
Bungoma_2 0 5 5

TransNzoia_1 4 1 5
TransNzoia_2 3 2 5

Total 12 23 35

Table A6. Chi-square tests: Game * Gender.

Chi-Square Tests Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 15.471 a 6 0.017
Likelihood Ratio 19.809 6 0.003

Linear-by-Linear Association 0.493 1 0.483
N of Valid Cases 35

a 14 cells (100.0%) have expected count less than 5. The minimum expected count is 1.71.

Table A7. Symmetric measures: Game * Gender.

Symmetric Measures Value Approximate Significance

Nominal by Nominal Phi 0.665 0.017
Cramer’s V 0.665 0.017

N of Valid Cases 35

Table A8. Game * Education crosstabulation.

Count

Education Completed
Primary Education

Completed
Secondary
Education

College
Diploma

Bachelor’s
Degree

Master’s
Degree Total

Game

Busia_1 0 0 1 4 0 5
Busia_2 1 2 1 1 0 5

Kakamega 0 1 1 3 0 5
Bungoma_1 0 1 2 2 0 5
Bungoma_2 0 0 1 4 0 5

TransNzoia_1 0 0 0 3 2 5
TransNzoia_2 0 0 1 3 1 5

Total 1 4 7 20 3 35
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Table A9. Chi-square tests: Game * Education.

Chi-Square Tests Value df Asymptotic Significance (2-Sided)

Pearson Chi-Square 25.567 a 24 0.376
Likelihood Ratio 24.506 24 0.433

Linear-by-Linear Association 5.313 1 0.021
N of Valid Cases 35

a 35 cells (100.0%) have expected count less than 5. The minimum expected count is 0.14.

Table A10. Symmetric measures: Game * Education.

Symmetric Measures Value Approximate Significance

Nominal by
Nominal

Phi 0.855 0.376
Cramer’s V 0.427 0.376

N of Valid Cases 35

Appendix B : MDA Assumption Testing

We ran some Pearson correlations between the twenty dependent variables to test moderate
range correlations. The results indicated strong correlations between the dependent variables.
Additionally, the Box’s M test was assessed. The Box’s M value of 40.776 associated with a p-value
of 0.478, is non-significant (i.e., p < 0.05). Thus, we assumed equal covariance matrices between the
groups, for purposes of conducting the MDA procedure.

These outliers are not due to data entry errors or data collection errors. Data entry was electronic
through the SurveyMonkey website. Therefore, the chances of data entry errors due to lack of
attention, negligence, and tiredness were eliminated. Data collection was also done electronically
through the participants filing the online questionnaires. Thus, eliminating errors due to human
mistakes or equipment malfunction. Also, data transfer from SurveyMonkey to SPSS was not manual.
Thus, eliminating any form of data transfer errors. Therefore, the outliers we were dealing with are
genuine non-typical and unusual values in the population.
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We had two solutions to deal with genuine outliers. The first option was to remove the outlier from
the data series. The second option was to keep the outliers in the data series. Based on the graphical
representation of all the assessment results of the 20 dependent variables distributed according to
the seven game sessions, we realized that removing the outliers would remove all the assessment
results of respondent ID number 33 and 27. It would also impact on the results of some respondents,
for instance, respondent ID number 1, 11 and 23. Therefore, we decided to keep the outliers.

Appendix C : Supplementary Discriminant Analysis Results

Table A11. Wilks’ Lambda for test of functions 1 through 4.

Test of
Function(s) Wilks’ Lambda Chi-Square df Sig.

1 through 4 0.006 148.248 24 0.000
2 through 4 0.319 32.557 15 0.005
3 through 4 0.758 7.887 8 0.445

4 0.972 0.810 3 0.847

df = degrees of freedom.

Table A12. Functions of group centroids.

Game
Function

1 2 3 4

Busia_1 −10.163 −1.615 0.251 0.101
Busia_2 −6.452 0.609 −0.964 0.015

Kakamega −3.597 0.707 0.493 −0.285
Bungoma_1 −0.040 1.194 0.088 0.019
Bungoma_2 3.261 0.818 0.485 0.248

TransNzoia_1 6.764 −1.435 −0.038 −0.088
TransNzoia_7 10.227 −0.279 −0.315 −0.011

Unstandardized canonical discriminant functions evaluated at group means.
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Table A13. Canonical discriminant function coefficients.

Function 1 2 3 4

Gender −0.673 2.282 1.535 −0.797
Education −0.201 −1.061 0.894 0.336

id 0.675 0.051 −0.019 −0.029
Age 0.240 0.036 −0.219 0.860

(Constant) −10.810 0.051 −5.648 −2.200

Unstandardized coefficients.

Table A14. Classification results.

Game
Predicted Group Membership

Total
Busia_1 Busia_2 Kakamega Bungoma_1 Bungoma_2 TransNzoia_1 TransNzoia_2

Original
Count

Busia_1 5 0 0 0 0 0 0 5
Busia_2 0 5 0 0 0 0 0 5

Kakamega 0 0 5 0 0 0 0 5
Bungoma_1 0 0 0 5 0 0 0 5
Bungoma_2 0 0 0 1 4 0 0 5
TransNzoia_1 0 0 0 0 1 4 0 5
TransNzoia_2 0 0 0 0 0 0 5 5

%

Busia_1 100 0 0 0 0 0 0 100
Busia_2 0 100 0 0 0 0 0 100

Kakamega 0 0 100 0 0 0 0 100
Bungoma_1 0 0 0 100 0 0 0 100
Bungoma_2 0 0 0 20 80 0 0 100
TransNzoia_1 0 0 0 0 20 80 0 100
TransNzoia_2 0 0 0 0 0 0 100 100

a 94.3% of original grouped cases correctly classified.

Table A15. Classification results (functions 1 through 3).

Game
Predicted Group Membership

Total
Busia_1 Busia_2 Kakamega Bungoma_1 Bungoma_2 TransNzoia_1 TransNzoia_7

Original
Count

Busia_1 0 0 1 1 0 3 0 5
Busia_2 0 3 1 1 0 0 0 5

Kakamega 0 0 2 1 2 0 0 5
Bungoma_1 0 0 1 2 2 0 0 5
Bungoma_2 0 0 1 1 3 0 0 5
TransNzoia_1 0 0 0 0 1 4 0 5
TransNzoia_7 0 0 0 0 2 2 1 5

%

Busia_1 0 0 20 20 0 60 0 100
Busia_2 0 60 20 20 0 0 0 100

Kakamega 0 0 40 20 40 0 0 100
Bungoma_1 0 0 20 40 40 0 0 100
Bungoma_2 0 0 20 20 60 0 0 100
TransNzoia_1 0 0 0 0 20 80 0 100
TransNzoia_7 0 0 0 0 40 40 20 100

a 42.9% of original grouped cases correctly classified.
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