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2 Impact Of Structure On Team Performance

Abstract

This article is the product of research on business self-organization, developed at the Universidad Distrital
Francisco Jose de Caldas from 2019 to 2020. Collective intelligence (Cl) has been viewed as an approach that
enables the use of interactions between agents and, in-turn, with their environment, to increase the intelligence
of the system; understood as the ability to take full advantage of distributed resources and to adapt nimbly to
the changing conditions of the environment

Methodology: In the first part, the conditions that may facilitate Cl are explored through a review of the litera-
ture. In the second part, an experiment is designed in a micro-world environment which incorporates some of
the conditions identified to facilitate the Cl in the structure of a team, and its performance is compared with a
team that has a hierarchical structure.

Results: When teams have a structure, it facilitates Cl, leads to greater-than-average performance, coordina-
tion effectiveness and adaptability, as well as better interaction dynamics among the members. These teams
present higher levels of interaction, information flows and activity among the participants, reflected in the
number of interventions and in the use of the resources offered in the game.

Conclusions: The increase in complexity that the application of Cl induces, gives the team a better performance
in environments of increasing complexity; in contrast to teams that have structures that reduce their comple-
xity within the hierarchical structure.

Originality: This article provides evidence regarding the incidence of roles in the performance of the company.

Limitations: One of the main constraints is the virtual interaction between the participants and between them
with the research team. Face-to-face interaction would allow more intensive use of affiliate links between
participants.

Keywords: collective intelligence, micro-world, hierarchical structure, organizational structure

Resumen

Introduccion: Este articulo es producto de una investigacion sobre la autoorganizacion empresarial desa-
rrollada en la Universidad Distrital Francisco José de Caldas en el periodo 2019-2020 partiendo de que la
inteligencia colectiva (IC) se ha visualizado como un enfoque que permite a partir del aprovechamiento de las
interacciones entre los agentes y de estos con el entorno, incrementar la inteligencia del sistema; entendida
como la capacidad para aprovechar recursos distribuidos y adaptarse de manera agil a las condiciones cam-
biantes del entorno.

Metodologia: en la primera parte se exploran a partir de revision de literatura las condiciones que pueden
facilitar la IC. En la segunda parte se disefia un experimento en un ambiente de micromundo en el que se
busca incorporar algunas de las condiciones identificadas para facilitar la IC en la estructura de un equipo y
se compara su desempefio con un equipo que tiene una estructura jerarquica. Los micromundos son entornos
altamente configurables que permiten ser explorados de manera no lineal por los usuarios (Minsky y Papert,
1971).

Resultados: los resultados generados muestran que los equipos que tienen una estructura con inductores que
facilitan la IC, presentan en promedio mayor rendimiento, efectividad de coordinacion y adaptabilidad, al igual
que mejores dinamicas de interaccion entre los integrantes. De hecho, dichos equipos presentan mayores
niveles de interaccion, flujos de informacion y actividad entre los participantes, los que se refleja tanto en la
cantidad de intervenciones, como en el aprovechamiento de los recursos que el juego ofrece para aumentar la
capacidad de cumplir la mision.

Conclusiones: el incremento de la complejidad que le otorga al equipo la aplicacion de inductores de IC podria
ser un predictor de mejores desempefios en entornos de complejidad creciente; en contraste con equipos que
posean estructuras que reducen su complejidad, tal como es el caso de la estructura jerarquica.

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 2 / 2021 / Bogotd D.C., Colombia
Universidad Cooperativa de Colombia



Luz Esperanza Bohdrquez Arévalo, Maria Fernanda Rodriguez Lopez, Catherine Acevedo Gonzalez 3

Limitaciones: una de las principales limitaciones es la interaccion virtual entre los participantes y entre ellos
con el equipo investigador. La interaccion presencial permitiria aprovechar mas intensamente los vinculos de
afiliacién entre los participantes. Ademas, los resultados obtenidos no son generalizables tanto por el nimero
de equipos en los que se realiza el experimento, como por la complejidad del entorno de sistemas reales en los

que se encuentran inmersos los sistemas sociales humanos.

Palabras clave: inteligencia colectiva, micromundo, estructura jerarquica, estructura organizacional

Resumo

Este artigo é produto de uma pesquisa sobre auto-organizagdo empresarial, desenvolvida na Universidad
Distrital Francisco Jose de Caldas de 2019 a 2020. A inteligéncia coletiva (IC) tem sido vista como uma aborda-
gem que possibilita o uso de interagdes entre agentes e, girar, com seu ambiente, para aumentar a inteligéncia
do sistema; entendida como a capacidade de tirar o maximo proveito dos recursos distribuidos e se adaptar

com agilidade as mudancas nas condi¢des do ambiente

Metodologia: Na primeira parte, as condigdes que podem facilitar a IC sdo exploradas por meio de uma revisao
da literatura. Na segunda parte, é elaborado um experimento em um ambiente micro-mundial que incorpora
algumas das condicdes identificadas para facilitar a IC na estrutura de uma equipe, e seu desempenho é

comparado com o de uma equipe que possui uma estrutura hierarquica.

Resultados: Quando as equipes possuem uma estrutura, ela facilita a IC, leva a um desempenho acima da mé-
dia, eficacia de coordenagao e adaptabilidade, além de melhor dinamica de interagao entre os membros. Essas
equipes apresentam niveis mais elevados de interagao, fluxos de informagao e atividade entre os participantes,

refletidos no nimero de intervengdes e na utilizagao dos recursos oferecidos no jogo.

Conclusées: O aumento da complexidade que a aplicagédo da IC induz, confere a equipe um melhor desem-
penho em ambientes de complexidade crescente; em contraste com equipes que possuem estruturas que

reduzem sua complexidade dentro da estrutura hierarquica.
Originalidade: Este artigo fornece evidéncias sobre a incidéncia de funcdes no desempenho da empresa.
Limitagbes: Uma das principais limitacdes é a interagao virtual entre os participantes e entre eles com a equipe

de pesquisa. A interacao face a face permitiria o uso mais intensivo de links de afiliados entre os participantes.

Palavras-chave: inteligéncia coletiva, micro-mundo, estrutura hierarquica, estrutura organizacional

INTRODUCTION

To date, Collective Intelligence (Cl) has been viewed as an approach that enables,
from the use of interactions among agents and between these and their environment,
an increase of intelligence of the system; understood as the ability to take full advan-
tage of distributed resources and to adapt nimbly to the changing conditions of the
environment [1][2]. Intelligent systems take advantage of the information of the envi-
ronment in the decision-making process. Collective intelligence increases the level of
knowledge of the system, which in turn leads to a greater capacity to absorb and deal
with the growing complexity of the environment. Cl models have been successfully
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4 Impact Of Structure On Team Performance

applied in medical diagnostic processes, software development, translation of appli-
cations to different languages in a short time, among others [3][4][5][6][7][43].

The purpose of this article is to compare the response of various teams, orga-
nized through two types of structures; one hierarchical and the other marked by the
presence of inductors that enable collective intelligence in the presence of sudden
and unexpected events. The hierarchical structure refers to the presence of a central
node (leader) who determines the decisions that are made. The team members have
defined roles and functions. Meanwhile, in the teams characterized by the use of ClI
inducers, the existence of a central controller is not considered and the decisions can
be taken by all the members of the team. The CI structure would take advantage of
resources and possibly having a better response to unexpected events and changing
circumstances, although it could also have a cost due to the absence or ambiguity in
the roles and affectation in the performance of the team [17][18] [31] [37][42].

For the development of the research in the first part, the conditions that may
facilitate collective intelligence are explored through a review of the literature. For
this purpose, Cl approaches and the models of some companies that incorporate
schemes, that facilitate the use of distributed resources and the adaptability to the
changing conditions of the environment in their operation, are reviewed [29][30]. In
the second part, an experiment is designed in which it is sought to incorporate some
of the conditions identified to facilitate the Cl in the structure of a team and its perfor-
mance is compared with a team that has a hierarchical structure. For the research, a
micro-world is used, also known as functional simulations or synthetic environments.
Micro-worlds are highly configurable environments that allow them to be explored in
a non-linear way by users [1].

In micro-world experiments, participants not only have to choose between dif-
ferent alternatives, as in traditional decision-making experiments, but they must also
develop alternatives to choose from, just as in problem-solving experiments [8]. These
settings offer a place to become familiar with situations, perform tasks, and test hy-
potheses within a topic of interest. Micro-worlds allow establishing causal rather than
associative relationships and rule out the effects of alternate factors [40], [41]. They
preserve the basic or essential characteristics of the real world while leaving aside
other aspects considered superfluous to the interests of the researcher, but without
stripping away the complexity and dynamic nature of the task. The applicability of
micro-worlds in research lies in the fact that it allows us to maintain the behaviors
under three main factors of complexity: interconnectivity, dynamics and in-transpar-
ency. Interconnectivity emphasizes the impossibility of doing only one thing, since all
events that occur in the environment must be considered by the decision maker [39].
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The dynamics are manifested in the plurality of decisions that must be made and
the interdependence thereof; decisions are made in real time and are changed by the
environment and as a result of the decisions of the participants. On the other hand,
in-transparency emphasizes that the current state of the system, that the participants
try to control, cannot be directly checked and, on the contrary, the participants must
find the state through active explorations they make in the world [8], [44].

Inthe presentinvestigation, we are working with the super-fireman micro-world,
which is a video game of forest fires (https://www.juegosdiarios.com/juegos/su-
per-fireman.html). Similar micro-worlds have been used to study distributed decision
making in a complex environment [9]. In this work, teams organized under two differ-
ent structures must make decisions to minimize the effect of fires; for example, where
to put out the fires, what resources to use/purchase, when to evacuate the population,
among other decisions. The results obtained allow for a comparison of the response
of the teams to sudden and unexpected events in a crisis environment.

LITERATURE REVIEW

Collective Intelligence

The notion of collective intelligence is not new. However, it is in the nineties when
it begins to be mostly used to describe social phenomena and the first two books
focused exclusively on this subject are published: Computer intelligence in comput-
er-based collaboration [10], and Collective Intelligence: Mankind's Emerging World in
Cyberspace [17].

To date, it is possible to find different concepts of Cl, highlighting the comple-
mentarity and homogeneity that is presented in them. On one hand, [12] proposes
that the Cl is a group of shared intelligence that emerges from the collaboration and
competition from many human or digital entities.

According to [2], Cl refers to the ability to cooperate and coordinate the work
of group members effectively, and it is perhaps a more relevant predictor of team
performance than individual skills. In other words, having capable and intelligent indi-
viduals is not enough to achieve an intelligent organization. The Cl can be understood
as an emerging property of the synergies between the information, the Internet and
the human experts, who through the use of the Internet, learn continuously from the
available information to produce new knowledge and better decisions; in comparison
to the decisions that could be generated from the three elements in an isolated way
[15][16].
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6 Impact Of Structure On Team Performance

The relevance of Cl in the performance of a team has led several researchers to
seek to identify the necessary traits for a team to behave intelligently. In this regard are
the works of Malone, [2] from the Massachusetts Institute of Technology (MIT), who
after examining more than 250 examples of Cl, identified blocks that they classified
from the following questions: What is being done? Who is doing it? Why is it being
done? And how is it being done?

Each of the blocks was called a "gene" and together they refer to the central
elements of a collective system under development. The complete combination of
genes associated with a specific case of collective intelligence is what the authors
called the genome of the system. That is to say, in order to use the proposal of the
genome in a systematic way and construct collective intelligence from this system, a
comprehensive classification of the different types of genes is required.

One of the examples cited by [2], to explain the existence of the Cl genome, is
in the case of Linux; one of the most important operating systems at the beginning
of the 21st century. In this case, an "open source" software development community
was generated. Here, the two basic genes are the crowd and the hierarchy or manage-
ment. For this case, we find that Torvalds, who had the idea, decided that all people,
should be able to access the software through the Internet and let anyone modify it.
Torvalds decides on the crowd gene because he has no other choice, since he has no
time or money to hire people.

Hence the question: Why would people do this? Torvalds concludes that there
are enough qualified programmers in the world who could do this work collectively
if properly motivated. Since he can't afford to use the money gene, he uses the love
and glory genes. To do this, he sent an email, so that people could have fun writing
the software as a hobby. Moreover, staying active in a project such as this would give
much visibility and would become a benchmark of programming skill; therefore, status
and glory for many programmers.

Finally, the question must be raised as to how they would do it; and this is where
the collaboration gene comes in. Torvalds realizes that, in addition to anyone who can
write a code, i.e. that there are interdependent parts, he must also make sure that each
and every different part works by combining them properly and with sufficient quality.
For this, he would need a Group Decision gene, so that the effort would not be divided
into many versions and respects the same decisions regarding what is included and
what is not. This is done from a subtype of the Group Decision gene such as Voting
or Consensus, in which you can vote or debate until you agree. Ultimately, he is the
one who decides or will delegate to people he trusts so he finally uses the Hierarchy
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gene. This combination of genes could be called the basic "genome” of the Linux
community.

For other organizations, such as Threadless and Innocentive, the key gene is to
create, followed by the hierarchy gene, which work together to make decisions in their
lines of business as accurately as possible. These organizations take advantage of
the gene of creation that uses the knowledge and opinions of the crowd to generate
solutions and even profits for the organizations.

These businesses are designed to harvest opinions on a specific topic from
specialized or non-specialized people, allowing the organization to broaden its per-
spective of the target market, as the case may be. After collecting all the information
and applying the creation gene from the hand of the hierarchy gene, members of the
organization decide what information is appropriate to solve the problem.

Another example cited by [2] is the largest online encyclopedia that the Internet
has: Wikipedia. Jimmy Wales, together with other people, created this community with
aclear goal, to get a crowd to create something; in this case, a free online encyclopedia.
The parts that are created are mostly independent from each other, which means that
the gene called collection is necessary. Anyone in the crowd can create a new article,
and the collection of all those independent articles constitutes the encyclopedia.

To decide which elements created by the crowd and which elements edited
by the collaboration should be kept within the collection; a decision gene is usually
needed. The way to make these decisions has been to use the hierarchy gene and
let Wales and a few others decide which items should be removed and which should
not. However, Wales and others wanted the community members to feel that they
had power and ownership over the encyclopedia and thus increase their motivation
in the glory gene. In addition, they wanted to have a process that could handle a large
number of articles without the need for Wales and other trusted people to have direct
involvement. Due to all the above, they used the voting gene where anyone in the
crowd can "nominate” an article for deletion and they can also express their opinion
on whether that article should be deleted or not. For the editing of the articles they
use, in addition to the collaboration gene, the Hierarchy gene, thus appointing an editor
for each article who will be responsible for the consistency and quality of the article.

Nevertheless, the results of the application of the Cl in the performance of a
team, the investigators of the MIT raise that it is necessary to consider the potential
biases that can appear within the constructive and collaborative process of the ClI:
informational biases, social biases, effect of the common knowledge, and polarization.

Informational bias refers to when opinions are not independent and are acted
upon by imitation. Social biases occur when interaction with other participants distorts
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opinion through negative influences [32]. The effect of common knowledge occurs
when the participant is satisfied with the information and knowledge he or she already
has, and does not explore new sources [38]. Polarization is the tendency to radicalize
positions regarding an issue that involves cultural, social or political values to the point
of over-ideologizing it or defending positions without reasoning from evidence.

The following cases presented in this article are not cited by [9] but they have
been involved in this research, due to the fact that they exhibit, in some operational
activities, similar schemes to those presented by the Cl, facilitating the use of distrib-
uted resources and adaptability to changeable environmental conditions. The cases
studied in this research are: Vueltap, Rappi, Glovo and Waze.

Rappi is founded in Bogota as a platform that provides products of diverse cat-
egories that are linked, from deliveries to favors, becoming recognized as the leading
company in Latin America in express courier.

The platform accessed by Rappi-tenderos (messengers), customers and sup-
pliers (stores, restaurants, markets, etc.) serves as a bridge for the monitoring and
control carried out by the expeditors (administrative agents) in the different services
required. This platform is linked to Google Maps that helps to manage routes through
geolocation. In addition to the data provided by the tool, the Rappi-tenderos update the
states in real time in order to provide traceability of the operation and its effectiveness
to each of the agents within the operation (expeditors, customers and suppliers)

Supplier

. + Rappi-tendero
Technological platform a

Customer

Rappi agent

Figure 1.

Source: own work based on the interaction between agents in Rappi’s model. [19]
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When a customer requires a delivery, he logs into the application with his user,
makes his request, the order arrives at the restaurant's app, they prepare his order, one
of the Rappi-tenderos accepts the delivery and arrives to pick up the order and then
takes it to the customer. During this whole process, all the agents can communicate
with each other.

Rappi is constituted by a hierarchy that starts with the CEO and under him are
the heads of each area, which in turn are constituted by sub-areas and it is there where
the team of each one of them is located. Each member is specialized and has specific
tasks or activities that are measurable through performance indicators, linked to one
of the four specific objectives that Rappi has at a given time.

Generally, each sub-area has meetings once a week to generate proposals
or exchange information within the same work team. Each sub-area, and of course,
each area is independent from the others. If there is a conflict to be resolved, the
heads of each area meet to propose, discuss and reach agreements. Each sub-area
decides what information is required within its own dashboard (boards that show
relevant information) and the developers are the ones who create it depending on
the requirements.

On the other hand, Vueltap is a Colombian last mile logistics and storage com-
pany. It is currently operating in cities such as Bogota, Medellin, Cali and Barranquilla.
It was born as a platform that allowed anyone to access same-day delivery services.
This company works as an intermediary between companies that handle e-commerce
platforms, individuals who require express delivery services and Allies (messengers)
who purchase the app.

Customer

" /
\
O\ ’,/

Technological platform

\ ’
Customer service

Figure 2.

Source: own work based on the interaction between agents in the Vueltap model [20]
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Vueltap's main customers are companies that sell through e-commerce;,
these companies purchase balance through the platform for their orders. When a
customer requires it, he requests the service on the platform and, through artificial
intelligence, he orders the addresses of the packages; the Allies, who connect when
they wish, can visualize the services that go out within a range of 5km and decide
whether to do it or not. This platform, as in Rappi, is linked by means of geolocaliza-
tion, allowing the people in charge of the tracking to have a real time visualization of
the operation.

Vueltap's objective, currently, is to provide logistics services in other cities
in Colombia and to other countries within Latin America. The CEO, who directs the
company, works hand in hand with the area managers to achieve the established
objectives; in turn, each area is made up of a group of people who perform specific
tasks [23].

For Vueltap and its technology team, it is important to constantly renew itself
in order to offer its customers (internal and external) increasingly friendly ways of
handling its platform. The leader of the Development area meets with the leaders
of the other areas of the organization once a week to harvest information about the
needs and experiences of the employees.

The development leader, from this information, creates a list of projects that
will facilitate the use of the platform and the work of the different areas, ordering
them by priority for their execution. To follow up on the progress of the projects and
to share information, each area meets daily for 15 minutes reviewing and controlling
established times and proposing solutions to limitations that arise along the way. In
case there is any limitation, it is addressed to the CEO.

Meanwhile, Waze is a GPS navigation app based in Israel that provides turn-by-
turn navigation information, as well as all kinds of social elements such as traffic in-
formation, police controls, road works, speed cameras, among other things, because
the people using the application can send information regarding this, allowing other
users in the area to be informed of what they might find on the road.
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User 1
/ f\\
o=0
1 C . User 2
o

Technological platform

Map editor

Figure 3.

Source: own work based on the interaction between agents in the Waze model [21]

The maps and navigation work thanks to the users; the more people drive with
the open application, the more precise the navigation will be. By having the application
open and after typing the address to which you are going to, you contribute in real time
to the traffic information and other road data. In addition to this, Waze has an active
community of online map editors who make sure the data in your area is up to date.
When collecting information, Waze immediately analyzes it to provide other users with
the optimal route to their destination, calculates the average speed, checks for errors
by asking other users if what is reported does indeed exist, improves and learns the
direction of turns and roads.

Waze was created with the idea that the data network connection would be
active for most of the time. For all of Waze's features to work, you must have the
data connection active on your mobile device. This connection provides Waze with
real-time traffic information and allows the map to be updated. Without an Internet
connection, the application won't be able to locate any routes or move the user around.
If the Internet connection is intermittent, Waze will try to get data about traffic-related
alerts and hazards from the servers, but it may not provide reliable information. Also,
if Waze fails to reconnect to its servers, users will not be able to post the dangers [24].

On the other hand, we find the Spanish giant Glovo, a multi-categorical ser-
vice platform which, by means of an app, connects to a friendly ecosystem between
the customer, the store and the delivery people. The ecosystem begins when the
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12 Impact Of Structure On Team Performance

customer requests a service through the platform designed for him, the platform takes
the service and directs it to the restaurant or establishment so that it is later visible
by the delivery person. By 2019 Glovo was composed of 1200 people working in their
offices in Spain and more than 3600 delivery agents associated with the platform.

For Glovo, one of its main objectives is to fully meet the needs of end users and
allows small businesses in cities like Madrid, Valencia, Paria and Milan to introduce
and position themselves on this platform.

The information provided by the deliverer when connecting to the platform al-
lows the Glovo team to distribute the orders and to find areas and schedules where
they must get either more services or more deliverers. This guarantees constant work
and coverage for the users' requests [25].

Thus, each of these examples helps to demonstrate how large and informal
groups of people can collectively collaborate from an electronic means in a surpris-
ingly effective way.

METHODOLOGY

Conditions required to facilitate collective intelligence
and experiment design

Based on the literature review and the characteristics identified in the four case
studies analyzed in section two, this article identifies two pre-conditions and two
post-conditions in the team structure to facilitate collective intelligence (see Table 7).
The pre-conditions are those that must be found before the process occurs; and the
post-conditions are those that must be observed once the process occurs, and which
are considered to facilitate the emergence of other Cl features.

Table 1. Pre- and post-conditions of the structure to facilitate ClI [26]

PRE-CONDITIONS POST-CONDITIONS
Ease of interaction Free flow of information
Distributed control Self-organization

Diversity

Source: own work

In all the cases reviewed, it is possible to evidence the ease with which the actors
can interact. The technological platforms and, in a broad manner, the Internet, provide
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the necessary infrastructure for the interaction. The distributed control is evidenced in
the absence of a central controller that determines the behavior of the system. In the
cases of Vueltap, Rappi, Glovo and Waze, there is no agent that determines the alloca-
tion of resources or the priority of the service, but it is the dynamics of the interactions
between the system's actors that allows the emergence of order (self-organization).
The free circulation of information flow denotes the absence of restrictions in the
access to information, and allows taking advantage of the space of possibilities that
this can generate [31]. The actors are diverse and there is no homogeneity in their
characteristics; thus, in the case of Wikipedia cited by [9], there is no specific profile for
generating contributions to the network or, in the case of Rappi and other platforms,
the actors are different (customers, suppliers, rappi tenderos) and although there are
some features they share, there is no specific profile of each of them.

In order to verify the response generated by the teams in which the structure
has the pre- and post-conditions identified, in the present experiment, it is proposed to
take advantage of the bonds of affiliation existing among the participants, for example,
friendship, companionship, among others. This research is based on the approaches
made by different authors [13][14] who state that the number and intensity of affiliate
links between team members facilitates interaction. To promote distributed control,
participants should be explicitly told that there is no leader or strategist to determine
decision making, and the team as a whole should be allowed to define and assign roles
[33]. Additionally, the whole team can have access to all the information generated
by the game (wind speed, temperature, resources used up, resources available, etc.).
Diversity is facilitated to the extent that the team members do not have a specific
profile (see Table 2).

The response generated by the teams with the structure that facilitates the Cl, is
compared with a hierarchical structure. For the formation of teams with a hierarchical
structure, the members of each team will be chosen by the research team, in such a
way that the possibility of strong affiliation ties is reduced; additionally, the research
team assigns each member the role to be played (see Table 2).
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Table 2. Characteristics of the equipment designed for the experiment [27]

STRUCTURE WITH COLLECTIVE
INTELLIGENCE FACTORS
The research team chooses the 5 members of the team  The research team asks the participants to organize

randomly. themselves into teams of 5 people, which facilitates
their organization through their affiliation networks.

HIERARCHICAL STRUCTURE

The organizing team assigns the roles that the team The research team suggests to the team the roles
members will occupy: through which they can be organized, and allows
them, if they prefer, to define and assign different

Planning chief: he is the only person who directly roles, The suggested roles are:

manipulates the micro world.
Planning chief: he is the only person who directly

+ Operations chief: responsible for defining the use of manipulates the micro world.

resources such as fire trucks, helicopters and water
pumps. « Operations chief: responsible for defining the use
of resources such as fire trucks, helicopters and

Search and rescue chief: responsible for defining water pumps

the transfer of injured people to the hospital and/or
to safe areas as the case may be. + Search and rescue chief: responsible for defining
the transfer of injured people to the hospital and/or

H f : ible f fining th
ead of resources: responsible for defining the to safe areas as the case may be.

need for new unit requirements.
Head of resources: responsible for defining the

+ Head of communication: checks the map and - :
need for new unit requirements.

sends a message every 30 seconds via chat to the

investigation team reporting the number of fires + Head of communication: checks the map and
extinguished, the number of civil rescues and sends a message every 30 seconds via chat to the
resources used. investigation team reporting the number of fires

extinguished, the number of civil rescues and
resources used.

The team will have 5 minutes to plan the strategy to The team will have 5 minutes to plan the strategy to
follow. The 5 minutes are counted once the familiariza- ~ follow. The 5 minutes are counted once the familiariza-
tion phase is over. tion phase is over.

During the session, the team will be able to make di-
fferent consultations to a person external to the team
and with ample experience in the micro world.

Source: own work

Method

70 participants were selected from the Universidad Distrital Francisco José de Caldas.
The participants are students from four different courses. The age of the participants,
ranged from 21 years or so, 57% are men and 43% are women. The participants of
two of the courses (35 people) were organized in teams of 5 people under the so-
called hierarchical structure, and the participants of the remaining two courses (35
people) were organized in teams of 5 people under a structure that introduced factors
that enabled the emergence of collective intelligence. In Table 1 the characteristics of
the two types of structure are registered.

The experiment is carried out during the time of compulsory quarantine in
the city of Bogota due to the health emergency COVID 19. This led to the interac-
tion between the participants and the research team, as well as the realization of the
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experiment through videoconference. Participants could communicate through video,
audio and chat.

The stages that were followed for the development of the experiment were:

0. Setting: two days before the experiment, an instrument was applied to identify
the profile of the participants: age, gender, experience in strategy video games and av-
erage number of hours per day that the participant plays strategy games. Additionally,
access to the micro-world was facilitated so that they could become familiar with its
dynamics.

1. Team formation: In the courses defined to work the traditional structure, the
research team forms the teams and assigns the roles. Meanwhile in the teams defined
to work with a structure that facilitates the emergence of Cl, the participants are asked
to organize themselves in teams of 5 people and the roles are suggested that could
be used for their organization. These teams have autonomy to define and assign the
roles to the different members. At this stage, the recording of the game performed by
the team begins.

2. Presentation: the experiment begins by informing the team of the aim of the
game in the super-firefighter micro-world: “to evaluate the performance of the team
with respect to the effectiveness of the strategy to put out the fires and to take advan-
tage of the available resources”. In addition, the stages to be followed and the duration
of each one of them are presented. The link is sent through the videoconference chat
so that all team members can access the micro-world. This stage lasts 2 minutes.

3. Tutorial: participants have 2 minutes to read the tutorial in the micro-world
and interact in the demo presented there.

4. Familiarization: the team members have 1.5 minutes to interact in the first
level of the micro-world.

5. Planning and role assignment: the team has 5 minutes to interact with each
other and decide the strategy for decision making. In the teams with ClI, the person in
charge of communications must write in the chat of the videoconference the names
and roles assigned to the different members of the team.

6. Resolution of doubts: the team has 2 minutes to solve doubts with the research
team regarding the operation of the micro-world or the stages of the experiment.

7. Start of the game: the head of planning shares the screen so that it is visible
to all team members.

8. Development: the team has 10 minutes to play in the micro-world. The first
level takes 1.5 minutes, and the next three levels last 2 minutes each. Once the 10
minutes are over, the game stops regardless of the state of progress of the level. If, in

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 2 / 2021 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



16 mpact Of Structure On Team Performance

this familiarization stage, the team manages to pass to the second level, the game is
restarted to begin this phase and start taking the time. The tutorial is skipped.

9. Closing the game: the team is informed of the end of the experiment, and the
recording of the game is closed.

10. Ending: the recordings of the game made by each team are analyzed. The
analysis is done from the formation of the team, roles, through the formulation of
the strategy, the performance and activity of each of the team members during the
development of the game, until the closing of the micro-world.

Materials

The micro-world known as the super-fireman is used. This game has as interface
field where different elements interact such as fire, a hospital, people, water and inter-
vention units that allow for increasing the response capacity (helicopter engine, water
tank, fuel tank, fire truck, large fire truck, water bomber and storms). The goal is to
save lives, put out the fires, prevent them from spreading, and according to the level
of the game, farms and houses should also be protected. As fires are put out, lives,
houses and farms are saved; the team earns money to buy other intervention units
and also earns points. The score is reset at each level, that is, all levels start at zero,
although the money continues to add up at all levels, and it is only subtracted when
an intervention unit is purchased.

Fires are influenced by weather conditions that change randomly (temperature,
wind speed and direction) and spread in different types of vegetation and terrain, but
they spread more quickly in forests. If a burned area cannot be extinguished, the fire
will spread in the direction of the wind. The climatic conditions of the fire, the level of
water and fuel supply of the trucks and the helicopter, the time elapsed in the level, the
number of lives saved, as well as the money and the score that the team earns can be
observed permanently at the top of the screen.

The micro-world consists of 6 levels that have different missions and times.
Fires occur in different places so the team should check the map in order to verify
where they occur. The first four levels take place in non-forest lands, and from the fifth
level on, fires occur in forest lands so they can spread faster. Level 1 has the mission
to save 10 people in 1.5 minutes. If the mission is completed, but time is not yet up,
more fires will appear in different areas that can be extinguished and thus earn money
and points. In case the fires are not extinguished, but the mission is completed, the
level is won. Level 2 starts with two simultaneous fires in different areas. The mission
of this level is to put out all the fires within 2 minutes. If both fires are put out before
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2 minutes, the team moves to the next level. Level 3 has the mission to put out all
fires and prevent them from spreading to the farms within 2 minutes. If all fires are
extinguished before 2 minutes, the team immediately moves to the next level. Level 4
has the mission to save the lives of 15 people within 2 minutes. There are two simul-
taneous fires that spread all the time and new fires appear. If the mission is completed
within two minutes, the team immediately moves to the next level. Level 5 is intended
to keep residential areas safe for 2 minutes. Two simultaneous fires occur and new
fires appear in different locations on the field. This is the first level that lasts the entire
time, even if the mission has been completed earlier. Level 6 has the mission to put
out all the fires in 2 minutes. There are 2 farms and there are 2 simultaneous fires in
different areas. The fires spread and new fires appear in different areas.

Metrics

For the design of the metrics, the study carried out by [9] is taken into account. Its pur-
pose is to evaluate the adaptability of teams with two different structures (a functional
structure with assigned roles and a non-functional structure with unassigned roles)
and it is also carried out under a micro-world environment. The metrics evaluated in
this research are: performance, coordination effectiveness, and adaptability.

Team performance measures the ability to put out fires in a given time interval.
In this experiment, performance was measured at Level 1, since this level does not end
with the fulfillment of the mission, but lasts in all cases two minutes, and during this
time different fires appear. The following formula is used:

number of fires extinguished

Performance: d L d
total time of the level studied (2 minutes)

The number of fires extinguished was counted when there were no more fires
in the area or in the surroundings. A team that can extinguish more fires in the same
time interval will generally be able to control the threat of affecting people, homes
and farms.

Coordination effectiveness was also measured in Level 1 and is evaluated in
two complementary ways: score at the completion of the mission over the total time of
the level (2 minutes) and money earned by the team at the completion of the mission
over the total time of the level (2 minutes). The formulas are as follows:

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 2 / 2021 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



18 Impact Of Structure On Team Performance

score at the completion of the mission
total time of the studied level (2 minutes)

coordination effectiveness:

money earned by completing the mission

coordination effectiveness: a L .
total time of the studied level (2 minutes)

The score and money earned increase as the team saves lives, homes and
farms, and it is evidence of the ability to leverage the resources available in the game
to accomplish the mission (intervention units). The effectiveness of coordination is
measured in Level 1 because it is the first level that does not end when the mission
is completed, but in all cases lasts two minutes; in case the team completes the mis-
sion before time, fires continue to appear in different places and as long as the team
eliminates them, they continue earning points and money.

The adaptability indicator seeks to measure the team's ability to respond to
an unexpected event, i.e. a new fire that appears after the start of the game. In this
experiment the adaptability was measured at Level 5 since it is the first level in which
time does not end once the mission is completed, in addition there are more than 3
fires in different areas. Adaptability was calculated by comparing the team's score 30
seconds before the discovery of the second fire and 30 seconds after the second fire.
As the teams will be aware of the first fire (although they have to find their location),
the discovery of the second fire represents the unexpected event of interest in this
experiment. The formula for adaptability is as follows:

Adaptability: score after unexpected event
score before+score after unexpected event

An adaptability rating above 1 means that the score after the unexpected event
is greater than the score before the unexpected event. This formula was used in order
to prevent scores of 0, or equal scores before and after the unexpected event, from
creating false missing data.

RESULTS

From the analysis of the recordings of the game performed by the different teams, it is
possible to have access to a great amount of information, not only to the data related
to the calculations of the proposed metrics, but also to the interaction dynamics in the
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teams: active participation of the members, fulfillment of the assigned or defined role
for each team member, focus on the mission of each level, level reached, exchange of
ideas among the team members and acquisition of resources.

For each team, performance indicators, coordination effectiveness and adapt-
ability to the unexpected event were calculated. The results are presented in Table 3.

Table 3. Results obtained by the teams [28]

Traditional organization

1 2 3 4 5 6 7 average

Performance 2 0.66 1.33 0.6 2.66 0.6 1.33 13
Coordination
Effectiveness 980 320 1018 1150 1210 1470 1180 1046.9
(score)
Coordination
Effectiveness 1680 1210 1990 2260 2420 2480 2290 2047.1
(money)

They do They do They do They do They do

- not reach not reach not reach not reach not reach

Adaptability 133 the level of the level of  the level of 164 the levelof  thelevel of 04

study study study study study

Organization with collective intelligence inductors
1 2 3 4 5 6 7 average

Performance 2.6 13 2 2.66 2 2.66 2 2.2
Coordination
Effectiveness 890 470 1050 2180 2590 2270 2710 17371
(score)
Coordination
Effectiveness 1860 1480 2020 3180 3820 3320 3980 2808.6
(money)

They do They do

- not reach not reach

Adaptability 1.45 the level of the level of 121 0.75 1.12 0.79 0.8

study study

Source: own work

As can be seen in Table 3, the teams whose structure incorporates inductors
that facilitate collective intelligence present, on average, greater performance, coordi-
nation effectiveness and adaptability to the unexpected event (a second fire not fore-
seen by the team). It is to be noted that the Level 5 of the game required for measuring
adaptability is only reached by two teams with traditional structure and in 5 teams with
the structure that facilitate the CI.

Regarding the team dynamics, it is evident that in teams with a traditional struc-
ture there is a clear orientation to the fulfillment of the mission of each level, however,
itis the head of planning who, during the development of the whole experiment, makes
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the decisions about the game: which fires to put out, resources to use, commands to
execute. The other members for a large percentage of the time are silent and there is
no exchange of ideas regarding the strategy to follow nor is there evidence of the ful-
fillment of the assigned role. Additionally, only four of the teams acquire new resources
to fulfill the mission.

On the other hand, in the teams with inductors that enables collective intelli-
gence, there is also a clear orientation to the fulfillment of the mission of each level.
However, there is greater participation of the members, there are high exchanges of
ideas regarding the location of the fires, scarce resources, possibility of acquiring new
resources, people, houses or farms at risk; this information is used in most cases by
the head of planning to execute the commands. With respect to roles, all teams follow
the roles suggested by the research team, and it is each member who decides which
role he or she wants to play. Additionally, only one of the teams does not acquire new
resources for the fulfillment of the mission.

DISCUSSION AND CONCLUSIONS

The purpose of this article was to compare the response of different teams orga-
nized through two types of structures, one hierarchical and the other characterized
by the presence of inductors that enables collective intelligence, in the presence of
sudden and unexpected events. The generated results show that the teams that have
a structure with inductors that facilitate the Cl leads to greater-than-average perfor-
mance, effectiveness of coordination and adaptability, as well as better dynamics of
interaction between the members. In fact, in these teams they present higher levels
of interaction, information flow and activity among the participants, which is reflected
both in the number of interventions and in the use of the resources that the game
offers to increase the ability to fulfill the mission.

The higher levels of performance exhibited by teams with structures that fa-
cilitate Cl, can be explained through the law of required variety proposed by Ahsby
“only variety absorbs variety". That is to say, as the team increases interactions, the
use of the information that each one of the members has and perceives of the game
increases, and therefore the team as a whole has a greater capacity to deal with the
complexity of the game (unexpected fires, affected people, exhaustion of resources,
etc.). In this way, the increased complexity of the team allows to absorb more com-
plexity from the environment. This is in contrast to what happens in teams with a
hierarchical structure, in which complexity is reduced by the determinism induced in
the selection of members and assignment of roles by the research team.

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 17, no. 2 / 2021 / Bogotd D.C., Colombia
Universidad Cooperativa de Colombia



Luz Esperanza Bohdérquez Arévalo, Maria Fernanda Rodriguez Lépez, Catherine Acevedo Gonzélez 21

The increase of complexity that gives the team the application of Cl inducers
could be a predictor of better performance in environments of increasing complexity,
in contrast to teams that have structures that reduce their complexity, such as the case
of the hierarchical structure. The environments of increasing complexity are charac-
terized by the continuous gain and generation of information, which translates into
the appearance of emerging behaviors difficult to predict and control. Globalization
and technological development have created the conditions for the environments in
which human social systems are immersed to become more complex. This highlights
the limited relevance of approaches, models and structures that reduce complexity.

Figure 4 shows the complexity of the team and the environment increasing over
time and allows us to visualize the impact of reducing the complexity of the team in an
environment of increasing complexity.

Information

. time
complexity

Organization Environment

Figure 4. Increasing complexity of the environment and organization over time [36]
Source: own work

In this sense, the importance of introducing inductors in the structure of the
team to stimulate its complexity can be highlighted. The present research empha-
sized the ease of interaction between agents, distributed control and diversity, from
simple mechanisms such as taking advantage of the affiliation ties between the par-
ties, visualization of all the information generated to the team and autonomy in the
definition and assignment of roles; however, other mechanisms could be projected
such as creating and fostering formal and informal spaces that stimulate interaction,
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the use of technological platforms, increasing the experience of the participants in
the game, informing about possible strategies to follow, among other mechanisms;
aspects that enable projection of bigger spaces for research in terms of the increase
of the structural complexity in the performance of the teams and for extension of the
company performance.

It is also possible to identify areas of research regarding the significance of
diversity in team members. The above, since it could be argued that in the absence
of strong affiliation ties among team members, their level of diversity is greater [3];
affiliation requires certain levels of homogeneity (tastes, preferences, hobbies, etc.).
However, the results of the present experiment allow us to project research spaces
regarding the degree of diversity required in the teams to improve their performance.
This is because the team that took advantage of the affiliation links between the mem-
bers, and therefore with less diversity in comparison with the team with hierarchical
structures, had better performance.

The complexity of the teams by means of the structure can be a predictor of
better performances in highly complex environments. However, it is interesting to an-
alyze whether the accelerated increase in complexity may trigger chaotic behaviors in
the team and therefore affect performance.
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