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Abstract

This paper focuses on haand_whythings change — looking at the processes thae dgnwolution and
the results of evolution. Focus traditionally leeen on individual selection processes or “survofal
the fittest” as the explanation for this. Howevecent theories of evolution have returned to the
concept of group or multilevel selection procesaes complement to individual selection. Research
shows that selfish strategies “beat” cooperativatesgies (and hence facilitate survival) within s

but cooperative groups “beat” selfish groups tosister. This has led to a revolution in theories @bo
the nature and evolution of cooperative strategidsuman societies beyond that of kinship selection
and reciprocity based explanations to theoriesoatinuing interaction and on to group selectione W
report the results of agent based models desigoeekplore the effects of group and individual
selection in the evolution of strategies in ltedaRrisoner Dilemma games and compare these. Our
analysis shows how group selection results in tiodugion of productive strategy mixes in which both
“fitter” individuals and groups emerge. We consitlee implications of our results for the naturel an
development of interactiostrategies in business networks and consider furésearch opportunities.



"Group Selection versus Individual Selection and tle Evolution of Cooperation in Business
Networks"

Introduction — Research in the Evolution of Busines Relationships

“Philosophers have only interpreted the world in various ways; the point isto changeit.”
Karl Marx, Theses on Feuerbach, 1845

The role and importance of collaboration within dmetween firms in generating collaborative and
competitive advantage is well known and well diseas What is less understood is how and why
relations and networks move from less to more boliative forms and when this is desirable. Many
models exist and have been empirically tested atheudimensions of business relations and how they
are interrelated and what the characteristics esamho perform better or worse are. In these nsodel
variance in one dimension, such as trust, coomeratiommitment, power and conflict, is “explained”

in terms of variation in other dimensions, incluglioharacteristics of the focal relation, the actors
involved and the context in which the relation @es. However, these models are inadequate because
they have serious validity problems and do notlydalt causality and hence do not deal adequately
with change and its drivers.

To expand on this, various types of causal linksaasumed to underlie the structural equationgiink
variables in variance based models and the pattérosvariance observed, but variance based models
of business relations and networks do not provideexct test of the existence and importance as¢he
causal mechanisms and how they work. All we knswhat variation in one dimension is associated
with variation in another and arguments can be miadecausation operating in either or both
directions, especially when cross sectional subeased data is used. For example, trust may be seen
as a precursor of commitment or cooperation butrsitment and cooperation can also serve to
reinforce and enhance trust. The implicit assuompin these models is that if we “tweak” one
variable, such as trust or commitment, this wifeef other variables in the direction suggestedhay
path coefficients. But how is this tweaking donBfanagers live in a world of actions and decisions
not variables. Variables don’t act, people doe Todels are generally silent in terms of:

* “How,” i.e. what_actiongnanagers or policy-makers can and should takeing labout change

in the relevant variables,

* What the short term and long term outcomes will be,

* What causal mechanisms are in play, and

* How these causal mechanisms interact and playweauttone.
In short, existing models are not dynamic and dodeal with the processes of change; instead theey a
comparative static models.

Other research addresses change more directly veowrds work is largely descriptive. For example,
much IMP research has described and characteragerms of change and development in business
relations and networks but there are not well deped theories to account for the changes observed.
Four types of theories of change have been sugjesife cycle, teleological, dialectic and
evolutionary (Van de Ven and Poole 1995), whichehbeen used to offer some explanation of the
development and evolution of business relations r@etivorks. Evolutionary theories are the most
comprehensive and encompassing type of theoryegssiliosume the other approaches as components
(Aldrich 1999). They also form the basis of thee&ch described here. But research in this area i



still underdeveloped, even though interest app&aise growing (for reviews see Wilkinson 2001,
2006).

The problem for managers and policymakers is ptgethe above quote from Karl Marx: to what
extent and how managers and policymakers can chiinggs, and, more generally, how and why do
business relations and networks change and evdiaels and theories of change and evolution that
can address this are being given increased atteimtithe IMP literature as well as more broadlyha
study of business (e.g. Huang and Wilkinson 20Q6irBs and Wilkinson 2004).

The purpose of this paper is to describe and test a new type of theory Webelieve is of particular
relevance and importance in understanding and atiogufor the development and evolution of
cooperation in business relations and networke etlolution of cooperation, based on group selectio
mechanisms. First, we briefly introduce group de&decand then review existing theories of the
development of cooperation in biological and socsgkstems and show how group selection
mechanisms offer a way of explaining the emergasfceooperation in contexts that other theories
cannot. This applies in particular to large scaleperation amongst strangers, which is directlgtesl

to business relation and network contexts. We timrelop agent based models of the evolution of
strategies in iterated Prisoner Dilemma and otlgped of interaction games that are designed to
capture some of the essential features of thedersetween cooperation and competition in business
relations and networks. The models are built @s¢hused by Axelrod (1984, 1987) in his famous
work examining the dynamics and evolution of coafien. However, Axelrod only considered
individual selection mechanism, whereas we comp@eaesults for individual versus group selection
mechanisms on the development of cooperative gtesteand how this impacts individual and group
performance. We show how group-selection mechanigroduce not only superior group
performance but also individual strategies thatsangerior to those produced by individual selection
Finally, the implications of our results for undersding the dynamics of business relations and
networks and the role management and policy-matarsand cannot play in developing collaborative
advantage is discussed.

Group Selection

Group selection is best illustrated by an examgleéhe difference between group and individual
selection. An illustration of the operation of gposelection mechanisms is the breeding of heteyto
more and larger eggs. Breeding from the fittestginpoolific laying) individual hens has been used f
years to improve output in poultry farms and hasied hens that lay more and bigger eggs. But the
process also produces what might be described sygclippathic chickens” - hens that are very
aggressive, who fight, kill and even eat each othére result is high mortality rates that undemsin
the gains in laying ability. However, researchNyir (1996) showed that group selection overcame
this problem. By breeding from groups of henscHmally all those that lived together in the cages
with the highest average egg mass irrespectivéaeif individual performance, he was able to evolve
hens that overall produced greater egg mass thase tivho were individually selected or bred
randomly. These hens were ‘kind and friendly’ todvaach other and lived normal life spans, which in
turn results in greater overall efficiency and ioyed animal welfare. Subsequently Muir (2005) has
shown that the same results occur in other typesiofial and plant communities.

Group selection mechanisms explain the emergenceogperative groups. This is because they
account for the co-evolution of both fitter indivial strategies and groups of interacting strateigies
groups. This is in contrast to individual selectthaories that explain change in terms of the sahof
individuals that are fitter than others and igntlne contexts of those individuals in terms of the
strategies of others that an actor interacts withother words it ignores the significance of soeial



world in which business operates. Most businesisracs group or collective action. Within firms,
people interact in groups of various sizes, fronalsteams to departments, to units and the firmna as
whole. Business relations and networks are grodidgros that interact more with each other, and
regional and national communities of people anddiare still other types of groups.

Group selection has been ignored until recentlyabse it was considered incorrect by biologists and
social-biologists. Yet the evolutionary equatiamsierlying it and how it relates to individual selen
were derived by two researchers Griffing (1967) &nite (1970), apparently working separately, in
the 1960s. Based on the evolutionary equationslolese by Price (1970), Henrich (2004) shows how
the expected change in frequency of a cooperatigéegy per period is a function of within-groupdan
between-group selection processes, i.e. the effegtcooperative strategy on an actor’s performance
holding its local group composition constant, ane éffect of the group on performance, holding the
cooperative strategy fixed.

Theories of the Emergence of Cooperation

Theories of group selection are outside the magastrof theories of the emergence of cooperation.
There are three main types of theories of cooperatkinship ties, signaling and repeated inteoacti
or reciprocity.

Kinship theories are based on the regard and caeongle have for others they are related to, ssch a
children, parents and siblings. Research shows tthen degree of altruistic, self sacrificing or
cooperative behaviour shown to others is propoatiom how closely related they are. Social insects
such as ants and bees for example, are all hadrsisvhich means they have half their genes in
common. This accounts for their extraordinary éegof collaboration and self sacrifice for the good
of the colony that emerges. Similarly, parents enektraordinary sacrifices for their children ttay
would not do for strangers.

Signaling theories are based on cooperators beihg @ identify each other by signaling their
cooperativeness, what Richard Dawkins has reféoed “green beard theory.” If all cooperators had
green beards they could recognise each other aopecate. Unfortunately this is a not a stable
solution, as it would create opportunities for ramoperators to evolve who had green beards, who
could then exploit the cooperating greenies! (®se&w by Henrich and Henrich 2006.)

Lastly, repeated interactions among individuals peduce cooperation because of the shadow of the
past and the future that affects individual intécats. This has been demonstrated most famously in
research by Robert Axelrod, who examined the deweémt of cooperative strategies in iterated
prisoner’'s dilemma games (Axelrod 1984). He shqwedexample, how Tit-for-Tat, a cooperative
strategy that cooperates in the first round of iatgraction and then does whatever the other pldiger

on the previous round, emerged as the winner aghtounents in which different strategies were made
to play each other over several rounds. Also destnated was how the same type of strategy emerged
as the winner over time in an evolutionary simolati Subsequent research has refined his results in
various ways but the central point - that repeatégtaction, as well as the ability to choose asfdse
partners, shapes the nature of the strategieethatge and survive - still stands, as does theniind
that cooperative, but not naive, strategies thdiéa cooperation in others eventually do well aswal c
win out. (See review by Henrich and Henrich 2006.)

Such theories help account for many forms of caatper and the development of cooperative business
relations and networks can be explained in padiggaling theories and reciprocity. But they aog¢ n

able to account for the emergence of large scalparation among people who are strangers, which is
the kind that characterizes much business colléibora However, such cooperation can and does
emerge, as has been demonstrated in IMP caseadleseat in other studies of business relations and,



more generally, is evident in a major set of hunb@haviour experiments recently conducted by
ethnographers and economists around the world {¢feat al 2001, 2005).

Group selection mechanisms offer a new way of exjlg such results and, in business, it offers
further insight into the way cooperation can andsldevelop and the factors affecting its emergence.
Henrich (2004, p 5) has shown that group leveldiacbf one form or another underlie all theories of
the emergence of cooperation, or altruistic or “pazial” behaviour, as it is sometimes referred to:
“[A]ll solutions to the evolution of altruism — witeer they are based on kinship, reciprocity or grou
selection .... — are successful according to theedegr which ‘being an altruist’ predicts that one’s
partners or group members are also altruistic.”

Thus being in a group of other cooperators is gwomant as being a cooperative individual. But how
do groups of cooperators emerge? Research ingmaloand social communities shows that, as
already mentioned, competitive behaviour “winsé (iproduces behaviour that is selected for) against
cooperative behaviour within groups, but coopeeatgroups outperform competitive groups. A
tension therefore arises between the evolution avhpetitive behaviour within groups and the
evolution of cooperative groups. Do the same tegply to business? In order to investigatewss
redid some of the experiments of Robert Axelrod anthpared the results of individual selection
versus group selection.

Methodology: Agent Based Models of Iterated PrisorreDilemma Games

We follow the procedures used by others to simulaeevolution of strategies in interacted Prisener
Dilemma (PD) games (e.g. Axelrod 1987, Lindgren &wmtdahl 1996). A simulation model was
developed based around the PD payoff matrix garoenshin Figure 1, where C is cooperate and D is
defect. In this game the dominant strategy in ash interaction is defection as both stand te los
more by cooperating if the other defects. Thiknewn as a Nash equilibrium, as there is no ingenti
for either party to change. When actors repeatdiéyact different types of strategies can emeage,
actors can respond to each other’'s behaviour awvey, remember past behaviour and outcomes (the
shadow of the past) and anticipate future gaires gttadow of the future). As noted, cooperativenfor

of behaviour can emerge in these conditions, avbas shown in the classic simulation tournaments
of Robert Axelrod (1987).

The PD game captures the mixture of cooperation @mdpetition confronting firms in exchange
relations. If both cooperate they can gain (theearel for cooperation, R, which is 4 in this example
but, if one cooperates by, say, investing in refeghip specific assets, they are vulnerable to
opportunistic behaviour by the other (a form ofed#bn) who can take advantage of the other party’s
investment due to its increased power. In this thsalefector receives the temptation payoff, ™ an
the cooperator receives the suckers payoff, S. éléhere is an incentive for both to not invest in
relationship specific assets, without some guaesnte trust in the other. If both defect, do motesst

in relation specific assets for example, they eadeive the defection or non-cooperation payoff, P.
The general condition for a PD game is that T >R >S and that (T + R)/2 < R. Research devoted to
the analysis of PD games and other forms of interagames has a long history (e.g. Shubik 1964)
and transaction cost theory and agency theory,wtiéal with these types of issues in business, have
been used extensively by researchers to analyseesgsnteractions and relationship formation.



Figure 1 Prisoners’ Dilemma Payoff Matrix
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44 | 15
51 | 22

Figure 2 shows how individual strategies are repres] in the simulation as 6-bit strings of letters
indicating how a strategy will respond to particuf@atterns of behaviour of another player (the
opponent). In this case we assume only a two rooewhory, i.e. that each player remembers only the
last two plays of their opponent. The final 4dettof a strategy represent what a strategy waouilish d
response to each combination of plays in the astrounds. This memory can be extended to include
what the focal player has played as well as whaopponent has played in the last n periods. But, f
simplicity, we focus here on a “simple” two-rouncemory. To begin interactions players have no
knowledge of each other and a two round startingharg is included in the strategy that affects what
the player will do in the first two plays of therga. If this is CC, as in Figure 2, it means thn t
player will cooperate in the first round as indezhby the last letter in the strategy. In the sdamund
their response depends on the second memory lettéch is what the opponent is assumed to have
done in the last but one period and what the oppoaetually did in the previous round. After two
rounds the actual plays of the opponent in theipusvtwo rounds makes up the memory.

Figure 2 Representation of Strategies as 6-Bit stigs

2 period memory

ccccedc

DD response \ \
CC response
CD response

DC response

The actors in the simulation are divided into 8ug® and strategies in each group are randomly
generated in the first generation of the simulati&ach strategy set (player) plays an iteratedy&me
over 200 rounds with each other member of its grexpluding itself, in a round-robin fashion. There
are no carryover effects from plays with one opmbrie another. After each player in a group has
played every other, scores are totaled and themeahce of individuals and groups are calculated.
Strategies are then evolved for the next generatsomg either (a) the fittest individuals in eacbup

or (b) from all individuals in the group that idtéist on average. Genetic algorithms with cross-ov
are used to produce new strategies by “mating” ftbm pairs of individuals selected. Thus two
selected strategies having a sequence of 6 laetersmated” by taking an arbitrary cut point on a
strategy and joining one part of one strategy ®dther part of the other. For example, if a stygat
CCCDC is mated with a strategy DDCDD with a cutpaf 2 on the strategy, they produce two child
strategies CCCDD and DDCDC which replace the twems in the population. A mutation rame,is
also included, which is the chance of a given raspmn a strategy flipping from one state to anothe
at the beginning of a generation. Lastly, thera ismall chancep, of a strategy moving from one
group to another at the beginning of a generation.



The same procedure is used for 1000 generatioriadividual and group selection separately and the
whole simulation is repeated 10 times. The mutasiod group switching parameters were not varied
throughout the simulations.

Results

Figure 3 shows the pattern of change in performanas time for group selection and individual
selection simulations average over all the simoitatuins. Average group performance across the eigh
groups in each generation is shown, as are themmugixiand minimum scores for an individual in any
group. We can immediately see that group selegroduces superior overall performance. Average
scores are higher and the highest and lowest socoesch generation are greater for group compared
to individual selection.

Figure 3 Performance Over time: Individual vs Group Selection
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The mix of strategies resulting in the final rouoidone simulation run is shown in Figure 4. This
shows the predominance of cooperative strategiteicase of group selection. The first two |sttar

a strategy reflect what might be thought of as“fivedispositions” of the actors, in terms of whagy
assume has been the past history of interactiom\sb®ors first interact. In this simulation rurese

do not differ between group and individual selattithey all “assume” their opponent has cooperated
in the previous two rounds. Here, they all thinkenthings about their opponent before interaction
begins. Interactions among those in the groupldped through individual selection cooperate all
the time; each begins by cooperating and this oosfiheir “predispositions” and so they continue to
cooperate. But any perturbation of these strasegp@ld move them away from a cycle of cooperation.
In contrast, for groups developed through groupdin mechanisms, there is a major difference is
the frequency of cooperative responses, no matteat vthe opponent did in the previous two
interactions. Of particular note is cooperationtlie third position of each strategy, which is the
response to DD. This means that the strategigsaunp selection will cooperate after two defections
but this never happens with individual selectidxs a result the mixes of strategies are less vabier

to becoming locked into a cycle of defections.



Figure 4: Mix of Strategies in the final round ofone simulation
(Rows Equal Groups)

Group Selection

ccccde  cccede ccecde ccecdde cccede cccecde  ccccde coccecdo
cccede cccede decede (deccde [ccedde decede deccde cecede
ccecede  decede ccedde ccccde |deccde ccccde ccccde (decede
ccccde cecede ceccede cccede (cccede cccecde ccccde coccccc
ccccde  decede ccecede cceccde cccede dcccdc  dececde  coccede
cceede cedece cccede (ccccde [cccede cccede ceccde (cecede
ceceede  cccede cecede  cccede  ccccde cedece ccccde  cedede
ceedde  ccccde cccede cccede cccede cocede cocccde cdecde

Individual Selection

ccddecc  cecddec  ccddec cedece ceddec ceddec  ceddec  ceddec
ccdddc  ccddec ccddec ceddec ceddec ceddec  ceddec  ceddec
ccddcc  ccddec  ceddec ceddec ceddec ceddec  ceddec  ceddec
ccddcc  ccddec ceddec ceddee ceddec ceddec ceddec  cedece
ccddde  ccdece  ceddec ceddee ceddee ceddec ceddec  ceddec
cedece ceoddec ceddec ceddee ceddec ceddec ceddec ceddec
ceddee ccddee ceddee ceddec coddec ceddee ceddec (ceddee
ceddece  ceddee ceddec ceddec ceddec ceddec ceddec  coddec

When the results of individual strategies playiragte other in each group are examined, different
patterns of behaviour are apparent and the grotgome is the sum of all these pair-wise interaction
For this run of the simulation the players in eatkhe groups produced by individual selection glsva
cooperate with each other over, as noted alredélyt group selection more interesting patterns of
behaviour occur, as shown in Figure 5.

Figure 5 Interactions Among Selected Strategies Elaed by Group Selection

Play sequences

cc EEBCE vs CC CEBC-> cccecc...

CC CCDC vs DC CCDC-> CCLCLC...

DC CCDC vs DC CCDC-> CC CCLCC...

CC CCDC vs CC CDDC-> CCLC.CC...

DC CCDC vs CC CDDC-> CC,CCCC...

CC CDDC vs CC CDDC-> CC.LCCCC....

CC CCDC vs CD CCDC-> CD,DC.LD,DC, CD...

DC CCD ys €D CCD -> CD,DC.CD, DC ..

CC “DDC ys CD ~CDC-> CD,DC.DD.D- DC, C.CC...

In other results, not reported here, we have exadnirow the mix of strategies varies when different
length memories are introduced, when games otlzer ltierated Prisoners Dilemma (IPD) are played
and for different types of payoff structures. @ffxular interest are situations in which gwnbined
total payoff is greater when one player cooperates and the deéfects. For example, in the IPD
game simulated here, the total payoff is greatéstnaboth cooperate, i.e. 4 + 4 = 8. If one codpsra
and the other defects the total payoff is 5 + lls@ames in which cooperate-defect (CD) produces a
greater combined total payoff there is a tensiotween the group (dyad) payoff and the individual
payoff. This results in some additional complexstibat are beyond the scope of this paper.



Discussion and Conclusions

We believe that group selection theories have itaporimplications for understanding and modeling
the evolution of business relations and networks f@an examining when, why and how cooperative
strategies emerge. Our results show that grougtgmiehas important affects on the behaviour and
performance of those involved. Group behaviowvhat business is all about, and business relations
and networks are types of groups whose importaacalready emphasized and demonstrated in
research by IMPers and others. Group selectiorhamems must be, therefore, an important part of
explaining for the development and evolution ofibass. But, as already noted, existing theories of
business relations and networks are largely stadicdynamic or evolutionary. Ways forward exas,

the research described here highlights, includimepiies and tools for modeling and testing dynamic
and evolutionary theories of business relationsregtad/orks.

What do our results mean for managers and polickens& Instead of focusing on and rewarding
individual performance, be that individual workersdepartments within firms or individual firms in
relations, networks and industries, our resultgysagthat the relevant groups within which indixatlu
actors operate must be recognized and rewarded. nti good championing an individual worker for
their productivity if that productivity is largelye result of the group they operate in. To dinsdes

the weakening of the group and its replacementnojviduals who create a very different group
dynamic and performance levels for all — just asuoed when individual hens were selected for their
egg laying capabilities without reference to theugr context in which they laid their eggs (Muir
1996)! In a similar way the productivity of a firdepends on the actions of others and how they are
interconnected, and to champion winning firms maytd neglect the engines of their success, which
lie outside the firm itself. Value and performanseo-produced by the actors involved and through
their interactions over time and the actors thewesehre the product of these interactions. Relearc
we and others have been involved in clearly shdwsih various contexts (e.g. Denize and Young
2007, Morlacchi et al 2005, Roy et al 2004, Welthle1998, 2000, Wilkinson et al 2000)

Much work still needs to be done. We have beguexidore the implications of group selection for
other types of iterated games but we need to meyerd such stylized models and simulations to the
systematic study and modeling of actual relatigmstmd network histories. We also need to combine
models of group selection with models of the wagugs form and evolve, in the form of business
relations and networks. The evolutionary modelcdbed here group selection is based on a set of
groups that already exist but, as we have argugsinéss involves group behaviour of various kinds
that are not pre-given. Group section hence opgiattvarious levels simultaneously and the forwnati
and reformation of groups is part of the procedss Thvolves other types of processes that may be
described as forms of business mating, includirgwthy people form teams, join and leave firms and
the way firms choose and are chosen as busineatonship partners and form networks of
interconnected, interdependent firms (Wilkinsoale2005).

The tools to develop models of this type are nowilalle and are being used in various disciplies t
develop models of biological, social and economggtesns. These new methods are linked to the fast
growing field of complexity science and to the stuaf complex adaptive systems, of which firms,
relations and networks are examples. Large scateacro order and change in such systems emerges
from the on-going local or micro-interactions takirplace among system elements over time.
Structures, such as business firms, relations ahdanks emerge and are reproduced or not over time
in a bottom up, self-organising manner, rather thang the result of the command and control ererte
by some type of central actor, leader or manag®mplex adaptive systems like this are beyond the
reach of traditional analytical methods to studheyt are highly non-linear and dynamic. Instead we
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must capture the mechanisms underlying their belbavin simulation models and understand
behaviour and outcomes by computing them out dwe,tby comparing them to what has happened
in real business systems and by conducting expatsngsing the models developed. These types of
models are called agent based models, artifidgbli, in the case of economic systems, the wheld f

of study is known as agent based computationaleoms. Agent based modeling arose out of the
growth of computing power and the development of fms of distributed programming techniques.
They represent a new way of doing science, thatlmeagescribed as generative social science (Epstein
2006), which has only just begun (for an overvieg $esfatsion and Judd 2006). Explanation here is
not in terms of variance based models and the momgact summarizing of co-variance matrices in
various types of path models. Instead it involeeglanation in the sense Herbert Simon descrilted: “
‘explain’ an empirical regularity is to discoversat of simple mechanisms that woytbduce the
former in any system governed by the later” (Augaad Simon, 2004 p5).This is the type of
explanation we need in order to understand how#ndchange occurs and to know when, where and
how managers and policy makers can make a differenaot; because it is about actors acting, not
about variables wiggling!
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