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‘Organizat:iohal growth and
coordination problems: An

experimental study
Roberto Weber

Abstract
Coordination problems arise when actors within an organization are only willing
to commit resourcc;s (effort, time, etc.) if they think others will as well, resulting
in strategic uncertainty. This paper considers the connection between this type
of coordination problem and organizational size. There is support in both the
organizational and economics literatures for the belief that coordination prob-
lems become much more difficult as groups increase in size. This implies that
solving coordination broblems should be a crucial objective of growing organiza-
tions. Given the difficulty 6f coordinating the activity of largfe' groups, however,

the question is how to accomplish this.




This pap:er‘ argues that the growth proc’eés ,itsé‘rl.f is a useful tool for solving
coordination préblenis in 6rg’anizati6ns. As an orga.ﬁizétion grows, a key Aaspec‘t
to maintaining suécessful coordination is to grow slowly enough and socialize new

" members sufficiently so that the established rules for coordinating actiyify are
not bvérwhélméd by the growth ptocéss. ’T‘he ability to inaintain the cuiture of
‘the organization t;hroughout the growthfvperiod, is ’an impoftant determinant of |
successful coordinatioh. This claim is supportedkby an example from the airline
industry and in laboratory experiments that start with small groups and then
show that “grbwiﬂg” the groups at a sufficiently s’lo“; rate can iéad to successful
coordination in large groups -a reéult impossible to obtain when group size is

initially large.

1 Introduction

This paper is about coqrdin#ﬁbn problems in firms, and the special difficulty that growth
creates for efficient coordination. While problems associated with obtaining cooperation have
received much attention from economists and organizational researchers (Williamson, 1985;
Klein, Crawford and Aléhian, 1978; Milgrom and Robertg, 1990; Chatman and Barsade,
1995; Bettenhausen and Murnighan, 1991), coordination is as central a problem of orga-
nization and one that has received less attention (Heath and Staudenmayer, 1999; Weber,

2000a). Moreover, just as the prisoner’s dilemma game models the problems associated with
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cooperation, coordination can also be represented in a simple game-theoretic way — as the

game “stag hunt.” (Camerer and Knez, 1997; Cooper, 1999). '

Experiments consistently show that large groups miscoordinate more often than small
groups in a version.of the stag hunt game known as the weak-link coordination game (Van
Huyck, Battalio and Beil, 1990; -Weber,  Camerer, Rottenstreich and Knez, 1998) . If we
believe that this game models problems present iﬁ organizations (Knez and Simester, 1997;
Nanda, 1996; Weber, 2000a), this result suggests that larger firms may have more difficulty
«.coordinating activity efficiently than small firms. This, in turn, implies that as firms grow
-larger, miscoordination tends to occur. However, no cxperiments have studied what happens
to coordination when small groups grow into large 'groups. by adding members. Perhaps the
coordination problems large groups experience can be avoided if che process of growth is

managed properly.

This paper argues that the ability of large groups or organizations to coordinate success-
{fully is critically affected/,iﬂby the growth process itself. Speciﬁca.lly, successfully coordinated
small organizations have established a set of rules or norms -~ either tacit or formalized -
‘governing what actions are appropriate. These norms allow the organization to successfully
coordinate activity. Therefore, it is crucial that as the organization grows adherence to the
norms be maintained despite the entrance of new members. This is particularly true when

the rules are not formal and are subject to interpretation. One way to achieve success-



ful coordination through the growth process is to limit the number of new entrants at any

~time and to have significant socialization procedures in effect. This result has been shown

k- ]

using a formal model of behavior in the weak-link game (Weber, 2000b). Thus, successful
growth is obtained by growing slowly and allowing sufficient time between growth periods for
the rules not to be overwhelmed by new entrants. The result is a strong organizational cul-

ture that allows members to correctly anticipate what is the correct activity to be performed.

This paper complements Weber (2000b) by providing two additional pieces of support for

* the above argument. First, the argument is illustrated by an example of a firm in the airline

industry — Southwest Airlines —in which top management explicitly used a slow approach to

- growth to solve coordination problems. Southwest’s emphasis on culture and slow expansion

allowed it to grow successfully in an industry where coordination plays an important role

“(Knez and Simester, 1997) and avoid problems that plagued other airlines such as People

Express. Second, experiments are used to investigate whether this result can be established
in the laboratory. The experiments look at whether large groups playing the weak-link coor-

dination game are more efficiently coordinated when they are “grown” - i.e., start off small

- and have players enter slowly ~ than when they begin playing at a large size. A second set

of experiments examines the behavior of subjects placed in the role of “managers” and al-
lowed to determine the group size. These second experime(nts are conducted for two reasons.
First, it is possible that the managers might discover growth paths that work better than

those used in the first experiments. Second, evidence from previous experiments indicates



that subjects are not aware of the difficulty in coordinating large groups (Weber, Camerer,
Rottenstreich, and Knez, 1998).1 If this is true, then the managers might grow the groups

too quickly, leading to coordination failure.

The next section- discusses the type of coordination problem that is the topic of this
paper and its‘,pr'evalence in organizations. Following that, the relationship between size and
coordination problems is explored and the growth process is presented as a possible solution.

This is then explored in a case study and a simple description of the main result in Weber

-(2000Db). Finally, expériments are used to demonstrate the importance of the growth process

in obtaining successful coordination in large groups.

2 Coordination problems in organizations

A fundamental problem of” orgaﬁization is coordination: Suppose there are two sets of ac-
tivities, A and B, which could be performed simultaneously and efficiency is only achieved
if everyone performs the same activity. Thus, everyone wants to perform the same action
that everyone else is performing, but they are unsure of what action others will take. This is
the basic coordination problem made famous by Schelling (1960). To make the coordination

_problem more interesting, suppose that A is better for everyone but riskier. Therefore, if

Heath and Staudenmayer (1999) argue that an important problem associated with obtaining coordination
:is ”coordination neglect”, or the tendency to ignore the importance or difficulty of obtaining coordination.



\

~ everyone performs activity A, then everyone is better off thah if they all performed B, but
-ahyone who does A when all others do not would have preferred to have done B. Then the
problem of co‘ordir_lation is getting workers to believe that everyone else will do A, in which

- case they will as well. Coordination problems like this arise when there are complementar-
- ities in activities of different workers or corporate divisions, but there is some uncertainty

about the action each worker or division will take. -

Situations where coordination is important have been discussed by both economists and

2 'organizational"researchers.z For instance, search costs in markets are decreased when buyers
% and sellers are located near each other (Coase, 1937; Cooper, 1999). There are also several
~.examples of where the best practice to be adopted by a worker or a specialized unit of an or-
ganization depends on what is being done elsewhere (Becker and Murphy, 1992; Thompson,
1967; Lawrence and Lorsch, 1967; Milgrom and Roberts, 1992; vBaker, Gibbons and Murphy,

- 1994; Barnett and Freeman, 1997). This may arise often because goals at the organi‘zational
level are decomposed into several smaller goals to be performed independenﬂy by different
~units (Malone and Crowston, 1994). To solve these kinds of problems and perform better
“when coordination is important, several researchers have argued that organizations incor-
porate coordinators or integrating units into their structure (Lawrence and Lorsch, 1967;

‘Scott, 1998; St. John and Harrison, 1999).2 To solve problems associated with coordina-

- 2For a survey of several different approaches to the study of coordination, see Malone and Crowstone
(1994).
3There is also evidence that organizational structure may have an important effect on firm organizational
performance in complex tasks or in changing or unstable environments where coordination is important
(Shaw, 1981; Leavitt, 1962; Carley, 1992; Ghemawat and Ricart I Costa, 1993).



tion, firms often also rely on communication between units or decision makers (Malone and
Crowston, 1994), on formal plans such as schedules (March and Simon, 1958; Lawrence and
:Lorsch, 19.67? Arrow, 1974; Scott, 1998), and on simple, naturally-emerging routines (Co-
hen and Bacdayan, 1994).. There is also a body of evidence indicating that firms pursuing 
‘narrow business strategies outperform firms that diversify into unrelated fields (Rotemberg
and Saloner, 1994, Teece, Rumelt, Dosi, and Winter 1994). One possible reason for this is
that narrow business strategies make it easier to coordinate activity than trying to diversify
into areas consisting of widely unrelated activities. Finally, Kogut and Zadner (1996) argue
“that the reason firms exist is because they establish group identities that help workers solve
coordination problems better than simple market transactions. Central to their argument is

the notion that coordination is critical to organizational performance.

There are several industries and areas of organizational behavior where coordinated ac-
tivity between employees or separate units is crucial. Examples include both civilian and
military flight operations (Thompson, 1967; Weick and Roberts, 1993; Knez and Simester,
1997), software development (Kraut and Streeter, 1995; Kiesler, Wholey and Carley, 1994),
‘health care provision (Gittell and Fairfield, 1999; Gittell and Wimbush, 1998), and inter-
organizational networks and alliances (Khanna, Gulati and Nohria, 1998; Human and Provan,
1997; Aoki, 1999). However, while coordination plays an important role in these and sev-
veral other industries, it is often a problem neglected by both managers and organizational

Tesearchers (Maréh and Simon, 1958; Lawrence and Lorsch, 1967; Heath and Staudenmayer,



©.1999).

2.1 Coordination vs. cooperation

" While often neglecting problems of ”coordination”, organiiational researchers have often
paid attention to problems associated with obtaining ”cooperation” and the two terms afe
ofte_:n used interchangeably. However coordination is very different than cooperation, 'anothei'
'fundamentél problem 6f organization.* The contrast between coordination and cooperé,tion

*#can be sharply seen in two simple games: Prisoner’s dilemma (PD) and stag hunt (or the

®assurance game), shown in Table 1.

Cooperate Defect
Cooperate 2,2 0,3
Defect 3,0 1,1
High Low

High effort | 2,2 0,1
Loweffort | 1,0 1,1

Table 1: Prisoner’s dilemma (top) and stag hunt (bottom) games

In the PD game players choose to either Coopérate or Defect. The latter is a dominant

4Examples of problems associated with obtaining cooperation (or problems associated with agency or
opportunism) are discussed by Williamson (1985); Klein, Crawford and Alchian (1978); Hart (1995); Milgrom
and Roberts (1990); Holmstrom and Tirole (1989); ‘Chatman and Barsade (1995); and Bettenhausen and
Murnighan (1991) among others.
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strategy because it gives a higher payoﬁ' regardless of whaﬁ the other player does. In the stag
hunt game players choose actions High or Low. Neither strategy is dominant because each
can be better dependiné on what the other player does — the players wish to codrdinate their
choices because Low is the best response to another player choosing Low (then they both

earn 1) but High is-a best response if another player.chooses High (then they both earn 2).°

In both games, the outcome which is best for both players is the one in which they both

earn 2 (from (Cooperate, Cooperate) in PD or (High, High) in stag hunt). The contrast

~ between the two games lies in the reasons why reaching this outcome may difficult. In PD

- - players prefer to not reciprocate-cooperation, because if the other player cooperates defec-

tion pays 3 while cooperation pays 2. That is, it is not in the players’ best interests to
select Cooperate even though both players end up worse off as a result. In stag hunt, on
the other hand, players do prefer to reciprocate High (which corresponds to cooperation),
because reciprocating pays 2 while choosing Low pays 1. However, coordination is difficult
because playing High results in the worst outcome if the other player plays Low, and players

are unsure of what others will do when choosing their action.

Applying the games to behavior in organizations yields an insight into two — often con-

fused - distinct problems faced by firms. Thus, “solving” the PD requires an organization

5Stag hunt is also called an “assurance” game and is closely related to a threshold or step-level public
goods game (in which a public good is provided if enough subjects contribute), also known as the “volunteer’s
dilemma” (Murnighan, Kim, and Metzger, 1993), and to infinitely-repeated prisoners’ dilemma games where
trigger strategies create multiple Pareto-ranked equilibria.
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to get players to act against their best interests. Defection imposes a negative externality on
the other player and if players could somehow be prohibited from doing so, both would be
better off. “Solving” stég hunt requires an organization to get players to believe that others

will choose High; then they will prefer to choose High and reach the Pareto-optimal payoffs.®

Both games imply that rational players may choose strategies which lead to a collectively
“irrational” outcome yielding Pareto-inferior payoffs.” In PD, this collective inefficiency re-
‘sults because of the conflict between private and coliective incentives. However, in stag hunt
‘:;v.;ratior;al players may end up at the inefficient (Low, Low) equilibrium simply because of

sstrategic uncertainty— they aren’t sure what other players will do and there is therefore some

-risk associated with choosing High.®

2.2 Weak-link coordination

-In the stag hunt game, a player’s payoffs can be decomposed into two elements: A cost from

choosing High, and a group payoff which depends on Whether either player chose Low.? A

®Foss (1998) argues that the central role of leadership in organizations is to provide this type of solution.
Having leaders make public announcements about which action everyone should take results in the preferred
outcome being common knowledge and, therefore, salient. However, experimental work on coordination
games by Van Huyck, Gillette and Battalio (1992) and by Weber, Camerer, Rottenstreich and Knez (1998)
shows that the effects of this type of leadership are limited.

TA Pareto-inferior outcome is one for which there is another outcome in which all players are beter off.

8The rest of this paper deals with a specific type of coordination problem. For a more detailed discussion of

~the application of game theory to different types of coordination or interdependence problems in organizations

see Weber (2000a). -

980, for instance, the payoffs in the stag hunt game in Table 1 could be represented by a cost of 1 for
choosing High and 0 for choosing Low and a payoff of either 1 to everyone if either player chose Low and 3
to everyone if both players chose High.
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natural n-person genewralization of this game is one in which players choose numbers — or
orderable strategies such as effort or contribution levels — and the group payoff depen‘dé on
the lowest number selected by any player. Thése are sometimes called “weak-link,” or mini-
mum effort, coordination games (because everyone’s payoff is a function of the lowest effort
selected by any player, or the “weakest link” in the group) and are a special‘kind of order
statistic game.!? Processes in which the production function has the Leontief form (output
depends on the minimum of the factors of production) have the weak-link quality. Some
examples include production of chemical compounds, orchestra performances (one false note
- ruins the whole symphony), some kinds of cooking, and provision of safety in dangerous

:situations (see Camerer and Knez (1997)).

Camerer and Knez (1997) discuss weak-link coordination problems that can arise when
a customer interacts with several different employees of an organization. In some situations
(e.g., hotels and restaurants), the impression of the organization the customer is left with
might be disproportionately affected by the minimum level of service provided by any of the
employees the customer encounters. This same type of problem is discussed by Malone and

‘Crowston (1994) who label the situation one of ”shared reputation dependency.”

An example of weak-link coordination problems arising from safety requirements is pro-

vided by Weick and Roberts (1993). They discuss the critical need for “heedful interrelating”

10See Van Huyck, Battalio and Beil (1990 & 1991), Cranord (1995), and Camerer (in progress, Chapter
7 '

12




"
/
[

in preventing accidents in'ﬂigﬁt Operations on aircraft carriers. They describe how even the
most basic operations on flight decks involve several groups of 'people performing different
~ tasks simultaneously and how a mistake in any of these task can lead to a catastrophic out-

- come.

Groups of firms engaged in illegal or collusive behavior are also often involved in weak-
link coordination problems. Suppose that the illegal activity is unlikely to be discovered
or proven by regulatory agencies unlessf one of the firms reveals some informat.ion. How-
eVer, noné of the firms has an incentive to pfovide evidence unless it believes others will as
“well. Then the firms face a weak~link coordination problem in that they are all better off
- maintaining silence as long as all the other firms are as well. This was the case in the to-
“bacco industry where, until recently, the top firms were ablé to maintain secrecy concerning
“their knowledge of the harmful effects of smoking, making it difficult for the government

to take action against them. This changed, however, when the smallest of the big five

firms, Liggett Group, provided evidence acknowledging that the industry had known of the
“effects all along. It is interesting that Liggett did not bgneﬁt from providing the evidence

“and instead the resulting settlements in several lawsuits forced the firm close to bankruptcy.1!

Organizational change is another area where weak-link problems might arise. There is

1n fact, the anecdote often used to illustrate the prisoner’s dilemma - of two suspects being questioned
and urged to present evidence against the other - is actually often a stag hunt game. If the prosecutors lack
sufficient evidence to convict either prisoner if neither confesses, then the best outcome for both is if neither
defects and they are both released.
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a large body of evidence indicating that firms face difficulties adapting to changes in their

environment, as indicated by Hannan and Carroll (1995):

History readily illustrates the difficulties of adaptation. Few organizations achieve
either great longevity or great social power, and virtually none achieves both. In
other words, few organizations succeed in solving their adaptive problems for

very long in a turbulent world. (p. 24)

One explanation for this is that firms face weak-link problems in implementing many kinds
of change. For instance, Hannan and Carroll write about how tacit agreements between
members of a group concerning what actions are correct may then infuse these actions with
social value. The result is that these actions become understood as the correct way of doing
things and become more difficult to change when the need arises. A firm stuck at an ineffi-
cient equilibrium‘ — that may once have corresponded to an efficient set of activities but may
no longer do so because of changes in the firms’ environment — may attempt to implement a
_change to an optimal set of activities. However, if employees onfy benefit by attempting to
implement the change if everyone else attempts to do so as well, the problem is identical to
a weak-link game (Nanda, 1996). The danger, then, is of ending up at an out of equilibrium
outcome where some people are performing the old set of activities and others are attempt-

“ing the new ones. This results in the worst outcome for the firm.!? Hannan and Freeman

2Levinthal (1997) shows that the implementation of change can be modeled for some organizations as
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(1984) discuss similar hazards involved with change. They argue that during change there is
“a period of time during which existing rules and Structures are being dismantled . . . and
new ones are being created to replace them” and that “the presence of multiple rules and -

structures greatly complicates organizational action.” (p. 158)

"Problems requiring tenipofal synchronicity also create weak-link coordination problems.
In these probléms, ,’ ﬁhe key factor is the time at which each of many tasks is performed.
For example, assume that workers would like to finish their portions of a project as late as
possible — but the entire group would be better off if the project was finished sooner — and
that the project is not finished until all the portions are finished and assembled. Then each
worker Wants to finish jus)t when the slowest worker does (no one wants to finish ahead of
~ the slowest worker since this does not help complete the project any sooner) and everyone
wants that time to be soon. This creates a weak-link coordination problem. Examples of
this type of problem include assembly lines, projects with strict deadlines (e.g., preparing
- bids for contracts), assembling chapters of an edited book, or service activities in which
customers are forced to wait until all parts of the service are completed. An example of the
~ latter is airline departures — the plane can’t leave until the gate crew, ground crew, baggage

handlers, and flight crew have all finished their preparations (see Knez and Simester (1997)).

_jumping from one peak to another in a multi-peaked environment. In order for change to be successful, it
is necessary for all critical units to change in the same manner, resulting in a coordination problem. An
example of organizational change where several processes need to be implemented simultaneously is provided
in the case of banks replicating practices between branches by Winter and Szulanski (1997).
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‘Weak-link coordination problems are a particularly punishing form of coordination. It
only takes one pérsonf or factor failing to perform optimally for the outcome to the entire
group to be negatively affected. Thus, every element must coordinate efficiently in order for

efficient outcomes to be achieved.

It is not unreasonable, therefore, to expect that larger groups of people might have a more

difficult time coordinating successfully in weak-link problems as well. Previous experimental

- research has established this phenomenon.

2.3 Previous studies on weak-link coordination

Weak-link coordination games were first studied experimentally by Van Huyck, Battalio, and
Beil (1990) .13 Most \eafly studies on weak-link games used an abstract version of the game
in which players chose numbers and were given a payoff table indicating how their payoff

depended on their own number and on the minimum number chosen in their group.

Weber, Camerer, Rottenstreich and Knez (1998) used a decomposed payoff format in
which players were told that their earnings were comprised of a group reward (which de-

pended on the minimum number chosen) and a personal fee (which depended on their choice).

13These games have also been studied experimentally by Cachon and Camerer (1996), Knez and Camerer

- (1994) and (1996), Camerer, Knez and Weber (1996), and Weber, Camerer, Rottenstreich and Knez (1998);
and theoretically by Anderson, Goeree, and Holt (1996) and Crawford (1995).
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To address concerns about how more natural contextual labels might affect behavior, We-
ber, et al., also included a condition in which players were told that the numbers they chose

corresponded to the times at which they finished their portions of a group report.!4

The instructions read:

In this experifhent, you are one of N members of a project téam that is responsi-
- ble for producing a series of reports. Each report that the team prepares consists
of N sections, where each member of the team is responsible for contributing one
of the sections. A report 1s coﬂsidered »complete only after all members of the
team contributed their séétions. Your team will be fesponsible for producing a
total of T" reports. Until a particulaf report :is finished, no member of the team

can work on his or her section of the next report.

Subjects then chose how early to contribute their section of the report, from 1 to 7 weeks
early. Table 2 shows how each player’s payoffs depended on their own choice and on the
project completion time (the number of weeks ahead of schedule that the project was fin-

ished, which depended on the minimum number chosen by any subject).!®

M4Behavior in this natural-label condition was indistinguishable from behavior in the more abstract
conditions. o

15The instructions to subjects actually had them choose a time at which they finished their portion of the
report, so the completion time was the maximum of these numbers. The game is described here in terms of
minima for comparability to prior research, and so that high numbers correspond to more efficient choices.
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Report completion time :
7 weeks | 6 weeks | Sweeks | 4 weeks | 3 weeks | 2 weeks | 1 week
Player’s Time | early early early early early early early
7 weeks early .90 .70 .50 .30 .10 -.10 -.30
6 weeks early .80 .60 .40 .20 .00 -.20
. 5 weeks early | { - | .70 | .50 | .30 10, | -.10
4 weeks early 1 .60 .40 .20 .00
3weeksearly | | ' .50 .30 .10
2 weeks early _ .40 .20
1 weeks early - .30

Table 2: Payoffs (in dollars) for weak-link game

The diagonal cells correspond to outcomes in which the player is choosing the same time
as the group minimum. These outcomes, in which evéryone chooses the same time and
receives the same payoff, are all Nash equilibria since nd player would prefer to contribute
either earlier (whidh would increase their personal fee but .not affect the completion time
or group reward) or later (which would lower their personél fee but would also affect the
completion time énd lower their reward by even more). Notice, however, that the equilibria
are different because those with higher personal fees also yield higher payoffs. The Pareto-
dominant (or “efﬁcient’;) outcome arises when all of the participants select the earliest time,
7 weeks early, and receive $.90. It is in the players’ mutual interest to reach this outcome

and the players realize this.

However, the efficient outcome may not be easy to achieve because players are faced with

18



strategic uncertainty. Simply being unsure about what others will do may lead different
players to take different actions, and when groups are large the minimum completion time

may therefore be quite low.

Previous experiments with weak-link games have established clear regularities. Coor-

~ dination on the efficient equilibrium is impossible for large groups. Of the seven sessions
initially conducted by Van Huyck, et al. (1990) (VHBB) with groups of size 14 to 16, after

the third period the minimum in all games was the lowest possible choice. For small groups

%(n = 2) coordination on the efficient equilibrium was much easier — it was reached in 12 of
%14 (86%) of the groups studied (a result replicated by Knez and Camerer (1996)). Table 3
.-summarizes the distribl;tion of fifth-period minima in sevefal different experiments, all using

“the VHBB game in which subjects choose integers from 1 to 7 and choosing 7 is efficient.

1 2 3 4 5 6 7 |GroupSize| N Source

9 0O 0 0 0 0 9N 2 28 VHBB, 1990; Knez & Camerer 1996
37 15 15 11 0 4 18 3 60 Knez & Camerer 1994, 1996
80 10 10 0 0 O O 6 114 Knez & Camerer 1994
100 0 0 0 0 0 O 9 18 Cachon & Camerer 1996
100 0 0 0 0 O O 14-16 104 VHBB, 1990

Table 3: Fifth period minimums (by %) in various 7-action weak-link studies (1 = inefficient;
7 = efficient)

The effect of group size could hardly be stronger. Subjects in a group of size 2 are almost

assured to coordinate on the efficient outcome. Subjects in larger groups (six or more) are
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almost assured to converge to the léast efficient outcome.® Thus, there is a Strong»nega-
tive.a relationship between the size of a group and the ’abibli'ty of its members to coordinate
efficiently.!”
)
This increased difficulty of coordination associated with larger group sizes has also been
recognized by organizational researchers. For instance, Thompson (1967) writes that be-
cause the costs of achieving tacit coordination, or coordination by mutual adjustment, are
\expensiyev and “increase as the number of positions involved increases, we wbuld expect or-
- ganizations facing reciprocal interdependence to fashion the smallest possible groups.” - (p.
58) Lawrence and LorschA (1967) argue that large organizations will be the’- ones that are able
to solve the coordination problems arising from simultaneous differentiation and‘ integration.
If firms are not able to sdlve these: coordination problems, on the other hand, it will be
~ impossible for them to efficiently grow. In addition, it has also been argued that there is
“a connection between the size of inter-organizational networks and their effectiveness and
longevity and that these may be related to coordiﬁation costs (Human and Provan, 1998;

Phillips, 1960).

There exists a similar relation between size and successfully coordinated change in organi-

zations. It is often argued that larger organizations are more likely to exhibit organizational

60Once these groups reached the inefficient outcome, they were not able to subsequently increase the
- minimum. '
1"This result has also been replicated using slightly different versions of the game and in experiments
+in which the task is framed as a realistic group project rather than an abstract game (Weber, Camerer,
Rottenstreich and Knez, 1998).
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inertia.'® Recalling Nanda’s (1996) argument that organizational change involves solving a
problem essentially identical to the weak-link game, one interpretation of the above exper-
imental result is immediate: larger organizations are more subject to inertia because they

(
- find it more difficult to solve the weak-link coordination problems associated with change.

Given the relationship between weak-link coordination games and coordination problems
faced by firms, it becomes important to identify how large groups can coordinate success-
fully. This paper is part of a larger general program of research concerned with identifying

*.mechanisms for resolving large group coordination failure in weak-link prbblems, which the

i previous section argues correspond to a naturally-occurring organizational phenomenon.!?

‘3 Coordination and growth

3.1 Coordination problems and organizational size

The weak-link game provides a way to test the connection between growth and coordina-
tion experimentally. While it is well- esﬁablished in weak-link experiments that large groups
coordinate poorly, and small groups coordinate well, no previous research has tied these
phenomena together by exploring behavior in small groups as they grow larger by adding

members. Interest in the effects of growth was motivated by two observations, one from the

18See Hannan and Freeman (1984) for a discussion of this proposition.
19See Knez and Camerer (1994) and Weber, Camerer, Rottenstreich and Knez (1998).
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laboratory and one from the field.

: The laboratory observatioﬁ motivating this work was that~k3‘-pkerson groﬁps ,usﬁally do
not reach ',efﬁcie"ncyV in weak-link games, @leﬁ they were created by adding a third per-
son to a successful 2-person group, in v&;hich’case tyhe’y qlmdst always reach efficiency. This -

- phenomenon suggests that, ‘in principle, arbitrarily large groups could be created which co-
ordinate efficiently in the weak-link game, if they start small eﬁough and grow slowly enough.
The field observation is the apparent contradiction between two‘f‘irlhly-held beliefs in
organizatibns. The first belief is that firms must grow to achieve scale economies or critical -
mass. The second belief is that firms can grow too rapidly and end up suffering as a result.
One possibility for this failure is that as coordination costs increase with size they become
unmanageable for a previously effective organiz;),tional form. This possiblity has been dis-
cussed by organizational researchers.? Scott (1998) states that coordinating activity is one

of the main achievements of formal structure. He also argues that:

As information-processing needs increase up to a certain point, hierarchies can
be of benefit, reducing transmission costs and ensuring coordination. But as
information- processing needs continue to increase, hierarchies become over-

loaded. . . Such increased demands . . . encourage the creation of more

20Gee, for instance, Starbuck (1965), Scott (1998).
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~ decentralized structures: /(S'cot‘t, 1998, p. 161)

" Thus, centralized decision making is suitable for coordinating activity where communication
‘and information- processing are manageable, but the ability of a centralized unit to achieve

this is dramatically reduced with size.

The possibility that failure due to growth may be the result of coordination failure has

also been stated by March and Simon (1958): “As the size of organization increases . . . the

£

coordination costs become larger” (p. 29) and similarly by Chandler (1962), who wrote:

£

. growth without structural adjustment can lead only to economic ineffi-
ciency. Unless new structures are developed to meet new administrative needs
which result from an expansion of a firm’s activities into new areas, functions,
or product lines, the technological, financial, and personnel economies of growth

_and size cannot be realized. (p. 176)

Thus, simply increasing the size of a successfully coordinated group may be enough to
result in coordination failure. Taken to an extreme, the result that large, efficiently coordi-

‘nated groups are never produced in the laboratory implies that growing organizations is a

treacherous process which is almost certain to fail due to miscoordination. However, given
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that large, efficiently coordinated organizations are not uncommon, it must be that firms
solve this problem somehow. One way they do this is to implement changes in the organi-
zation that alleviate the difficulty of solving the interdependence problem. These are the

“structural adjustments” that Chandler writes about.2! Therefore, as a firm grows, it can

-create decentralized units with limited interdependence between them, increase communi-

B

cation between units that are interdependent, and create positions for specialized teams of

integrators responsible for coordinating activity between units.2?

While the above changes to a firm’s structure can help alleviate coordination problems

resulting from size, they are not the only way to accomplish successful growth. A second

- way can be described by analyzing the approach to growth of a particular organization.

21 As another possible solution, Thompson points to the importance of communication and repeated inter-
action of the same group members (or coordination by mutual adjustment) in solving problems of interde-
pendence. He discusses as an example of a group where coordinated action is important small bomber crews
where “communication had to be rapid, direct, and unambiguous” and “holding the same ten individuals as
one team — crew integrity — was a high priority policy.” (p. 62) "

22An example. of this can be found in Microsoft’s 1999 reorganization into decentralized units. This
change, resulting in separate divisions with unprecedented levels of autonomy, was implemented largely to
solve problems arising from a large bureaucracy ill suited to cope with the firm’s size and from the competitive
pressures exerted by a rapidly changing environment. In Microsoft president Steven Ballmer’s words, the
change was implemented because “we needed to give people a beacon that they could follow when they
were having a tough time with prioritization, leadership, where to go, what hills to take” (Moeller, Hamm
and Mullaney, 1999, p. 106). Thus, solving coordination problems was a large part of the purpose of the
reorganization.
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3.2 Southwest Airlines

The approach to growth of Southwest Airlines provides an interesting case study in how the
growth Eprocess itself can be used to grov@r a large, efficiently coordinated organization. South-
west began as a low-cost, no-frills airline ﬁying short hauls from secondary airports (such
as Love Field in Dallas) .2 The corporate culture emphasized friendly service by employees
“who were cross-utilized (performed different jobs), given a lot of fréedbm to determine their
job responsibilities and expected to pitch in spontaneously (e.g., pilots sometimes checked
in luggage), and paid less than at other major airlines. Success of the strategy depended on

; having lower costs than major carriers and attracting price-sensitive fliers who might have

ey

!

‘not flown at all, but instead taken an alternative method of transportation such as driving.
Southwest’s basic strategy was described plainly by executive vice president Colleen Bar-
rett: "We've always seen our competition as the car. We’ve got to offer better, more con-
venient service at a price that makes it worthwhile to leave your car at home and fly us
instead.” Their “luv service” and an emphasis on making a flight fun and simple were an
important departure from the industry norms. This approach was successful as Southwést
;remained profitable for 24 consecutive years (through 1996) and was the only airline to earn
a profit in 1992. The ability of Southwest to attract qualified employees willing to work for
less was due largely to the team spirit that routinely led Southwest to be ranked as one of

the best places to work.

?3Unless otherwise noted, the information on Southwest Airlines and People Express is from Harvard
Business School cases.
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What is particularlvy‘ interesting about the Southwest case, however, is that the airline
grew at a very slqw rate and regularly passed over opportunities to enter profitable markets.
Rather than expand rapidly to achieve a national base — an approach used regularly in the
airline industry (for instance, by People Express) — Southwest grew: very slowly by compari-

son and after a quarter of a century of operation had not yet entered markets in the Northeast.

This slow approach to growth was specifically intended to maintain the successful coor-
- dination - largely reflected in Southwest’s culture — that the airline achieved as a small local
. carrier. This was accomplished by creating a unique culture in which employees were highly
- motivated, close to management, and shared a common objective of making customers happy
and getting planes in and out on tir;'xe at low cost. The airline business is an obstacle course
of coordination problems, many of which have weak- link structure. This was particularly
true for Southwest, which stressed on time service as one of its performance criteria.2 In
addition, on the short-haul routes usually used by Southwest, planes often make several
trips a day, so if a plane is late on one haul, it affects the entire system and has a multi-
plier effect on disgruntled passengers all down the line. The culture worked well at solving
this coordination problem when the airline was small. However, maintaining this culture
which achieved coordination by stressing personal responsibility and a sense of community

(rather than by command and control) could be easily strained by rapid growth.?® In fact,

24Recall that Knez and Simester (1997) argue that flight departures constitute an important weak-link
coordination problem between several employees.
25 As an example of where this happened, consider the case of People Express (PE). PE was initially very
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Southwest’s approach to growth was specifically motivated by a desire to maintain its culture.

Southwest was able to avoid the coordination failure often resulting from growth by

"growing more slowly and taking great pains to ensure that new employees were socialized

into the culture. Rather than expand into new markets, Southwest stressed growth within
the current route system and added new routes slowly. According to Southwest director
of schedule planning, Peter McGlade, “controlled growth is essential” because “we want to
make sure that the way we conduct business in a city we enter will be consistent with the
way we conduc£ business throughout our system. . .‘ We have to feel that we can hire

Southwest-type people.” McGlade also stressed that Southwest would “possibly pass over

a city if it could not retain the Southwest ‘luv’ culture.” For example, there were concerns

about adding flights to Baltimore because “many feared that the airline would be unable to

find Southwest-type employees on the East Coast.” 26

similar to Southwest in that it offered low-cost, no frills service over short hauls, using primarily secondary
airports (such as Newark). PE founder Donald Burr also stressed a similar culture to Southwest’s and
initially this proved very successful. In fact, PE was widely held as a model of a successful management
approach in the early 80’s (Chen and Meindl, 1991).

However, PE'’s approach to growth differed significantly from Southwest’s. After a brief period of initial
success, PE grew at a remarkable rate. Between 1981 and 1984, the number of employees increased 12
times, making PE the fastest growing airline in history. This rapid growth created problems, however, as
customer service suffered, flights were regularly delayed and overbooked, baggage was routinely mishandled,
and employees complained of confusion — leading the airline to be renamed “People’s Distress” by customers.
In addition, the acquisition of Frontier Airlines in 1985 led to a sharp clash between PE’s culture and that
of Frontier, which operated more like a mainstream airline.

That PE’s difficulties resulted from coordination problems is evident in the steps management took to
solve the performance problems. After problems began to surface, operations were split up into small groups
“intended to recreate the sense of being on a team, the direct communication, and the personal control that
was being lost in the total company” and “where everyone knew everyone.” Thus, by attempting to recreate
small groups where coordination problems are easier to solve and communication is improved, management
revealed their belief that coordination failure was largely responsible for the performance decline.

261t is worth noting that Southwest dropped from first place in the annual Airline Quality Rating (a survey
conducted of passengers’ experiences with areas such as baggage handling, on-time arrivals, denied boardings
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In addition, slower growth énabled the airline to choose “Southwest—types” more care-
fully, and to guarantee that new employees Became immersed in the system mére effectively.
As additional means to maintain successful coordination on the “luv” culture, Southwest
enc.ouraged employee referrals of friends and family and required new employees to attend

~one of two “People Universities.” In fact, this reliance on culture to create a large, efﬁciently
operating organization is noted by Herb Kelleher, Southwest’s founder and CEQ. Colvin

(1997) writes of a conversation he had with Kelleher:

Once . . . I tried telling Herb that his culture wasn’t all that important. “I can
explain Southwest’s success,” I said. “You fly one type of aircraft, serve no meals,
transfer no luggage, give no assigned seats, fly mostly on short hauls, and always
charge the lowest fares on your routes. There’s the formula. What’s culture got
~ to do with it?” Perhaps steam did not actually shoot out of his ears, but it
looked as if it would. He slammed the table and said, “Culture has everything to
do with it — because everything you said our cémpetitors* could copy tomorrow.

But they can’t copy the culture, and they know it.” (p. 300)

Colvin goes on to note that some airlines, most notably United, have reéently attempted to

and customer service) — a place it held for several years - to fifth in 1998. This coincides with a year in
which Southwest grew rapidly and added service to several East Coast cities (Wichita State University News
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‘copy the things he mentioned, but have met with only limited success.

The above case stuciy ‘presents a convincing picture that Southw«e;;t’s success throughout
-a period of growth is due largely to the approach to growth itself. By adding employees
‘and markets slowly, training and socializing new employees carefully, and by stressing the
’importancé of maintaihing the firm’s culture for uniting action, the airline was able to reduce

- the coordination problems that are usually associated with growth.

An interesting question then is whether this approach to growth can yield similar results
for other organizations. Weber (2000b) presents a formal model of behavior in weak-link
coordination games that-implies this is the case. By starting off with a small, efficiently

-coordinated group and then growing the group slowly enough and exposing new entrants
to the group’s history, the model predicts that large groups can be “grown” that are more
-efficiently coordinated than groups that begin at a large size. The intuition behind this result
is simple. Players in a weak-link game are initially unsure of what action others will take
‘(and, therefore, what the optimal response will be). Taking players first period choices as
sexogenous and independent of group size,?” this uncertainty leads to choice error, represented
by an exogenous error term which is added to players’ choices. Since the expected value of
the minimum is determined by the distribution of first period strategies and by the variance

‘of the error term, if this variance is positive and sufﬁciéntly small the expected value of the

* 27In experiments using the weak-link game, the distribution of first period choices is similar across group
sizes, indicating that players are not aware of the group size effect (see Weber, et al., 1998).
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mipimum choice in small groups may be the action correspbnding to the efficient equilib-
rium, while the expected value of the minimum in large enough groups may be considerably
lower. If players adjust their choices towards the previous minimum and thé variance of
the error term decreases with repeated play, small groups can remain efficiently coordinated
while large groups cbllapse toward the inefficient equilibrium.28 What Weber (2000b) shows
s that a growth process that starts off with two-player groups, allows them sufficient time
to coordinate successfully, and then adds players at a slow enough rate created large groups
that are coordinated at higher levels of efficiency in expected value than groups that start

off large.?®

Taken together,\ the examination of Southwest’s approach to growth and this formal model
= provide convincing support for the belief that growth may alleviate coordination problems
associated with large group sizes. However, since it is often beneficial to discipline theory
by testing its implications, it seems worthwhile to test the predictions of the model. One
way to do so is with controlled laboratory experimenté that look at whether or not slow
- growth produces more efficiently coordinated large groups. This is ideal since the laboratory
provides a controlled environment in which to directly test the model. This test is pe;’formed

in the next section.

28Crawford (1995) uses this type of model to explain the laboratory result that small groups coordinate
successfully while large groups do not.

29A key assumption underlying this result is that future entrants to the game who are allowed to watch
the outcomes of the group actually playing the game will experience a similar decline in the variance of their
error term to those actually playing the game. From an organizational perspective, this implies that it is
not only important that new employees enter the firm slowly, but that they also be made aware of the firm’s
“history and culture and that this "training” affect their behavior.
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4 Experiments on growing efficient coordination

E

. The previoué section discussed the problem of large group coordination failure and explored
possible solutions. Previously discussed approaphes include improved communication and
more suitable organizational forms. As this paper notes, however, the growth process itself
can bev used to manage coordination problems. Support for this hypothesis includes a case
study aﬁd an adaptive model of behavior in weak-link games. Both indicate that growing
. gfoups carefully - starting off with a small group size and adding players slowly — can lead

to more efficiently coordinated large groups.

This section tests this hypothesis using éxpe‘riments. The experiments are conducted
‘similarly to previous experiments by Van Huyck, et al.. (1990) and Weber, et al. (1998).
The goal of these experiments is simply to test the claim from the previous secvtion that
“grown” groups are likely to be more efficiently coordinated than groups that start off at a

large group size.

Two sets of almost identical experiments were conducted. In the first experiments, the
rate of growth was determined by the experimenter prior to the experiment. These experi-
ments were intended to test whether growth paths that satisfy several desirable criteria can

produce large groups coordinated at higher levels of efficiency than control groups. A second
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set of experiments was also conducted in which a participant not playing the weak-link gamé
determined the size of the group. In these experiments, groups were again grown as before,
but the rate of growth was endogenous and not determined until the experiment. The goal
of both experiments is to test whether or not growth can create more efficiently coordinated |
large groups. Each experiment will first be discussed separately, and then the aggregate
results of both growth experiments will be used to test the hypothesis that slow growth can

help solve large group coordination failure.

4.1 Experimental Design

~ Since large groups of ten or more subjects have never consistently coordinated efficiently in
| previous experiments — in fact, they almost -always end up at the least efficient outcome -
’ this first set of experiments was designed to explore whether a slow, controlled érowth rate
determined by the experirﬁenter could create large groups that coordinated efficiently. In
the experiments, groups of 12 Stanford and UC Santa Cruz students were assembled in one
room. The game was presented in the context of a report completion as in Weber, et al.
(1998), and as described earlier in this paper. Subjects were paid their earnings in cash
at the end of the experiment. Instructions were read aloud and subjects answered several

questions to check their comprehension of the instructions.3?

30Instructions are available from the author.
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In each experimental session, subjects were anonymously éssigned participant numbers.
Each session consisted of 22 periods. In the first several periods, only participants 1 and 2
played the weak-link galme while the other subjects sat quietly. Participants were told that
they would receive a fixed positive amount for rounds in which they were not playing the

~game, but that the exact amount would not be revealed until the end of the experiment.
31 In each period, participating subjects recorded a number from 1 to 7 (indicating the
contribution time for their section of the report) on a piece of paper and handed it to the

experimenter.32

At various preannounced and commonly known points, other participants joined the
-group of those actively playing-the game. For each session, there was a schedule of such
additions that was handed to all subjects at the beginning of the experiment. These sched-
ules will be referred to as growth paths. For example, in one of the growth paths a third
-participant was added in period 7, joining the first two participants who continued to partic-
ipate. Subjects all knew the predetermined growth path which explained when théy began
to participate, and they knew that earlier participants always continued to participate.?® At
-the end of eacﬁ period, the report completion time (minimum) was announced to all the

subjects, including those who were not actively participating yet. In all growth paths, all 12

_ 31This was done because of the concern that announcing the amount they earn per period could create a
" focal point which might influence participants’ choices
. 32To prevent players from knowing which others were participating, all players handed in slips of paper;
‘non-participants simply checked a box saying they were not participating.
3In addition, at the beginning of each period the experimenter announced which participants would
actively participate in that round.
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subjects were participating by the last few periods.

This design is intended to model behavior in a small firm which consists of only two
“founders” a,qd slowly adds employees W_ho know the entire history of the firm’s outcomes.
There is no ‘turnover (no employees “leave”) because simultaneously studying the effects
of turnover wmﬁd complicate the conclusions that can be drawn concerning the effecfs of

growth.

One possible criticism of the design is that the resulting “large” groups of 12\ subjects
are still relatively small by organizational standards. In a firm with 12 employees, for ex-
ample, coordination would typically be achieved easily through direct communication and

- personal contact. However, by not allowing any communication between subjects — other
than through their stratégy choices in the game — the complexity of the coordination prob-
_lem faced by each group resembles the complexity of coordinating activity in much larger
groups in real organizations. Therefore, the two-person game without coinmunication might
be more analogous to a small office with less than 20 employees who do communicate and

. meet regularly. The 12 person groups without communication, on the other hand, are more
likely’ to resemble firms with several hundred employees that do have limited communication
channels available than they are to resemble 12 person groups in real organizations — par-
ticularly given the difficulty previously observed with achieving coordination in laboratory

groups larger than ten. This point is made by Weick (1965), who argues:
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~As size mcreases, several thmgs happen subgroups form commumcatlon is more
dxﬁicult and hxera.rchles grow taller and more exphclt To reproduce a “large

organizetion, o.ue or more of these three characteristics can be added to the ex-
penmental sﬂ:uatlon ~ Although these three characteristics do not exhaust the
accompaniments of size, they ure representatxve mampulable, and common in
existing definitions of organization. Thus, they increase the correspondence be-

tween experimental and field conditions. (Weick, 1965, p-210)

Another reason for dismissing the above criticism is tha-t the experiments are intended to
‘.__\address whether growth is a means for selving large group coordination failure. In order to
_answer this question, the experiments' need to identify one group size where coordination is

not difficult and one where it always fails. Then the experiments need only address whether
efficient coordination is improved in the large groups when they are grown relative to when
they start at a large size. The results reported in Table 3 show that the group sizes used in
this experiment do, in fact, satisfy that’ criterion. Therefore, as long as there are parallels
between the coordination problem in the experiments and problems faced by organizations,
the success in groups that began at a size of 2 and were subsequently grown.to‘ a size of 12
311 the experiments provides an insight into how large firms might solve their coordination

problems through growth.
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In addition, thé experiments afe deliberately overéimpliﬁed. The goal is not té create a
rich l'ifelike replication of growing firms, but instead‘to strip é,way all the inessential details
to focus (;n the strategicv‘uncertainty facing employees in such firms when new nriémbers come
in, and everyone desires to co;)rdinat(; but choosing high effort actions is risky.3* Moreover,
the experi_mehts are intended to build on previous research on wéakelihk games. In order to
do so, it is necessary to change only a few desvign va’riables at a time — in this case, introduc-

ing growth. Finally, simple experiments provide a necéssary baseline to which other features

can be added in further research.

Another possible criticism of the design is that the only mechanism helping ka group
- coordinate as it grows is the growth process itself. Therefore, the experiments ignore the
usefulness of communication (March and Simon, 1958; Thompson, 1967; Heath and Stau-
denmeyer, 1999), different organizational forms (Leavitt, 1962; Chandler, 1962; Scott, 1998),
and specialized integrating units or employees (Lawrence and Lorsch, 1967) in improving co-
ordination as a firm grows. There are several reasons why these alternative mechanisms were

not included in the experiments and why they might not always work in real organizations.

First, as mentioned above, the experiments were intended to study only the effects of
growth. In order to do this, it is necessary to hold as much possible constant except for the

growth treatment variable. Therefore, while implementing several changes aimed at improv-

34Weick (1965) provides similar and additional reasons for why experiments on organizations often require
a very simplified version of the real situation.
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ing coordination at the same time might more realistically reflect the practices of growing

firms, this would make it difficult to isolate the effects of managing the growth process alone.

A second -and more important reason is that some of the mechanisms may be too costly

“to attempt. For instance, it is difficult if not {mpossible to successfully implement large
changes in the structure of an existing organ.ization. Similarly, it may be very costly to
conduct a large-scale implementation of new forms of communication or to create entirely
new positions aimed at c00rdinating activity. All of these changes would require extensive
¥ employee re-training and may present coordination problems themselves if some employees

- =persist in doing things the old way.

= A related reason why the alternative mechanisms might not be used is that they may not
“always be effective. For instance, there is experimental evidence that one-way communication
only partially improves efficient coordination in simple stag hunt games (Cooper, DeJong,
Forsythe and Ross, 1993) and that it does not improve coordination in large groups playing
the weak-link game at all (Weber, Camerer, Rottenstreich and Knez, 1998). The benefits
“of communication can also be limited by problems of interpretation (Heath and Stauden-
meyer, 1999). In order for communication to be effective, there has to be a well understood
common language regarding what is meant by different statements. If this is not satisfied,
then interpreting communication itself becomes a coordination problem. Communication is

not the only one of these mechanisms that may prove ineffective. Structural adjustmenst
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such as having subjects play the weakk—link’game in a circular arrangement in which each
subject‘interacts locally with only two other people rather than the whole group (thereby
segmenting the group into several srhall overlapping groups) do not improve coordination on
the efficient- equilibrium (Keser; Berninghaus ahd Ehrhart, 1998). Therefore, while growing
ﬁrmé do often use some of these other mechanisms to reduce coordination problems, the fact
that they are costly, difficult to irnplem‘ent, and do not always work makes it worthwhile to

study the effects of growth separately.

In addition to the above experiments in which the growth path was pre-determined, a
' second set of experiments was éonducted in which one participant was randomly selected to
act as a “manager” and determine the growth path. This subject was placed in a separate
room from the remaining subjects and an experimenter carried information between the two
rooms. The game that the other participants would Be playing was described to the manager
(again framed in the context of a project completion), who was instructed that he or she
would be responsible for selecting the size of the group for all periods after the first. In the
first period, the group size was fixed at 2 and this was the smallest size that the manager
was allowed to pick in any period. These experiments lasted 35 periods to give the managers
plenty of time to experiment with growth. The manager was told that his .or hef earnings
in each period would be determined by the number of active participants and by the group

minimum (completion time). Table 4 describes the possible earnings for the manager.3® Note

35The earnings are determined according to the following formula (rounded to the nearest cent if necessary):
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v tha,t, for any group size, the manager is better off when the group coordinates efficiently.
“Also, the manager’s payoff is higher when efficiently coordinated groups are larger, but the
opposite is true for inefficient groups. Therefore, the manager has an incentive to create a

large group, but only if it is coordinated successfully.

Number of - Completion Time (weeks early)
,partyicipants -1 2 3 4 5 6 7
2 1 0.00 0.02 0.04 006 0.08 0.10 0.12
3 -0.03 0.01 0.04 0.07 0.10 0.13 0.16
4 -0.05 -0.01 0.03 0.07 0.11 0.15 0.19
) -0.08 -0.03 0.03 0.08 0.13 0.18 0.23
6 -0.10 -0.04 0.02 0.08 0.14 0.20 0.26
7 -0.13. -0.06 0.02 0.09 0.16 0.23 0.30
8 -0.15 -0.07 0.01 0.09 0.17 0.25 0.33
9 -0.18 -0.09 0.01 0.10 0.19 028 0.37
10 -0.20 -0.10 0.00 0.10 020 0.30 0.40
11 -0.23 -0.12 -0.01 0.11 0.22 0.33 0.44
12 -0.25 -0.13 -0.01 0.11 0.23 0.35 1.00

Table 4: Manager’s payoffs (in dollars)

Following the manager’s determination of the group size in each period, a group of up to
.12 subjects played the game in the same format as in the other experiments. The instruc-
tions for these subjects were the same as before, except that they were now informed that

the number of active participants would be determined at the beginning of each period by

£

- _ n(mink—-3.5) ,
T o= T+0'05

except for the payoff when the group size is 12 and the minimum is 7. Since the goal was for managers to
attempt to reach this outcome, a large bonus was awarded for achieving it.
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the manager. The manager would select a number, and then the participants whose numbers

were 1 through that number would play the game.3

In addit_ion to addressing the main hypothesis of the paper, these experiments also allow
a test of whether the subjects rahdomly assigned the role of managers are aware of the need
for slow, controlled growth.3” In addition, the growth paths generated by the managers allow
us to further investigate the effectiveness of varying growth paths. These experiments were
conducted between June and October at the California Institute of Technology. Subjects
+ were graduate and undergraduate students with little or no formal training in game theory.

.- The experiments lasted about 2 hours.

Finally, four control sessions were conducted to ensure replication of previous results. In
- these sessions, 12 groups of subjects played the game for 12 periods. The game was similarly
framed in the context of a project completion and personal contribution times. However, no

mention was made of growth or of participants not actively participating in any rounds.

36The one other difference with experiment 1 was that the manager was given the option, at the beginning
of each period, to randomly reassign participant numbers. This was intended to allow the manager to
“restart” the group in case the first few participants became stuck at a bad equilibrium. Previous results
" indicate that this does occasionally happen (though rarely) in small groups (see Table 3).

37Note that these experiments are also subject intensive and financially costly since 13 subjects are required
to obtain one data point: a manager’s success or failure. One possible solution to this is to study the managers
separately, giving them feedback that is either artificially constructed by the experimenter or determined
according to some model developed from the data from the experiments with pre-determined growth paths.
Economists are typically opposed to using deception in experiments, though, so the first option can be ruled
out. The second option requires large amounts of data to be able to determine feedback in all contingencies.
However, this is a possibility for future work. Particularly since several simulation programs already exist
(usually used as part of the MBA curriculum) in which students “grow” companies (see, for instance, Graham,
Morecroft, Senge, and Sterman, 1992).
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- The results for these control sessions will be presented first, since it is important that, they
replicate the large group coordination failure previously found. Subsequently, the sessions
+for each of the two types of growth experiments will first be discussed separately and finally

“the aggregate results will be analyzed.

4.2 Results

4.2.1 Control sessions

Four control sessions (n = 48) were conducted using undergraduates at both Stanford (2
sessions) and the California Instituté'of T;chnology (2 sessions) between February and De-
cember 1998. The results of these experiments are repbrted in Figure i, which presents the
;ninimum choice across all 12 periods for each session. In addition, the solid line indicates

the average of the minima in all four control sessions.

(Figure 1 about here)

Overall, the results replicate previous experimental results on large groups playing weak-
link coordination games. The minimum converges to 1 in all four control groups. The solid
line in Figure 1 indicates the avérage of the session minima and the average of all subjects’
choices is also giifen. Note that both the a\;erage choice and the average of the minima con-
sistently decrease and end up at or near one by the final periods. Note alsb that the average
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choice is initially high, indicating that many subjects are initially selecting high effort levels

but that the minimum is nonetheless low since it is sensitive to outliers.

The results of the control sessions indicate that the expected result of coordination failure
in large groups is obtained. Thus, if the growth sessions establish more successful coordina-
tion (minima greater than one), the main hypothesis that controlled growth can lead to less

large group coordination failure will be supported.

4.2.2 Pre-determined growth paths

. Seven seésions with pre-determined growth paths (n = 84) were conducted between January
~and March 1998. Four sessions were conducted at Stanford using graduate and undergrad-
uate students and three sessions were conducted at UC Santa Cruz using undergraduate
students. It is important to note that each session of 12 subjects making 22 choices repre-
sents one data point, since the group either succeeds in coordinating efficiently or fails.. While
a thorough statistical analysis of the results will be done in a later section, there are clear
regularities that can be observed by examining the individual session data and from which
initial conclusions can be drawn. Thus, in this section the behavior in individual sessions
will be analyzed and subsequently the aggregate results of both types of experiments will be

statistically examined to firmly establish results.
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The goal of these experiments was to exblore the possibility that growth can lead to
more efficiently coordinated large groups. Therefore, each of the growth paths used was
selected with hopes that if would be slow enough to create a large group that behaved more
efficiently than large groups had in earlier experiments and in the control sessions. The prin- _
“ciples driving the choice of this path were based on the results of the formal model in Weber
(2000b), which showed that slower growth stochastically improves cbordination. According
0 this model, slow growth can be implemented by adding only a few players at a time and by
* allowing more time between growth periods or ”spurts”, particularly initially. Therefore, the
sgrowth pafhs were designed to first establish repeated successful coordination in the group
of size two (by allowing them to play several periods before adding more participants) and
then to add players in a slow and regular manner. -Thus, with one exception (the last two
players added in growth path 3), the growth paths add only one player at a time. Figure 2

shows the three growth paths used in these experiments.38

(Figure 2 about here)

Figures 3 through 5 present the minimum choices for sessions 1 through 7. Each figure

also presents the corresponding growth path.3?

- 38Note that growth paths 2 and 3 differ only in period 18.
39The choices in the final two periods (21 and 22) are not reported here because there is often a strong
end of experiment effect in these games, in which subjects change their choices in the final period (perhaps
to punish or do better that others, or perhaps because they believe that others will do so - in which case
doing 50 is a best response). While this phenomenon is interesting, this paper is not concerned with what
“occurs in the final rounds (after growth is completed), but rather with coordination during and immediately
after growth.
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- Both sessions 1 and 2 (growth path 1) began with six periods in which only participants
1 and 2 played. kAs pfedicted based on earlier results, these two-person groups reached

- efficiency v(i,n> bbth sessibns, the xhinimum was .7 in periods 5-6). However, when a third
participant was added in period 7, the- minimum dipped below 7 in both sessions. Insgssion
1, ’the minimum was 6 in periods 7-8. When a fourth participant was added, in period 9,
the minimum fell further to 5 and stayed there in period 10. When a fifth participant was
added, in period 11, the minimum fel_l to 4. This pattern suggests an interesting conjecture.
= Earlier research showed that precedents often matter dramatically, in the sense that a group
. expects the minimum in one period to be the‘minimum in an upcoming period. That‘is,
+ the previous choice establishes a strong precedent that is reinforced by subsequent actions.
. In session 3, however, players seem t§ be inferring a pfece’dent from the relation between
changes in structure (group size) and changes in behavior. The fact that the minimum fell
by one when group size increased from 2 to 3, and from 3 to 4, seems to create a precedent

that “when we grow the minimum falls by 1,” which is self-fulfilling in later periods.%®

(Figures 3 - 5 about here)

Behavior in session 2, however, shows a different pattern. In that session the minimum

was 7 in the two-person group in periods 5-6, but the minimum fell to 5 when a third player

40Notice that while the minimum falls to 1 (inefficiency), the collapse is slow and regular. This contrasts
with previous results and the control data where the collapse is typically much more rapid.
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S
- was added in round 7. The minimum rose‘ to 6 in the next round, whiéh indicates a possible
: reco_véry to an efﬁéient minimum of 7, but a fourth player was added in round 9 and the
minimum fell baék to 5, where it‘ remained — even when the group reached a size of 12.’ Note
that while thé miﬁimum is not at the maximum of 7, a minimum of 5 is still much more
-efficient than the usually observed minimum of 1 in large. groups. Thus, the fact that the
minimum for a 12 .pefson group is 5 in session 2 provides support for the hypothesis that

growth can lead to successful coordination.

= Because the first transition lowered the minimum from 7 to 5 in session 2, but then the
ainimum recovered to 6 in the next period, the question arose of whether full efficiency (a
miniﬁum of 7) could be reached by allowing the three-person group to recover by playing
more periods before growing further. This was explored in growth path 2, which begins with
five periods of 2-person play, followed by four periods of 3-person play, to give the 3-person
-group more time to reéover frpm any drop in the minimum after the 2-to-3 group size tran-

sition.

. Sessions 3 and 4 used this growth path. In séésion 3, the mihimﬁm in the two-person
group is reliably 7 for all five periods, then drops to 5 when the third person is’ added, and
stays there. When more players are added, the minimum stays at 5 until period 17, when
the 10th player enters and chooses 1. While the minimum falls to 1 when the group reaches a

size of 10, the fact that it remains at 5 until then provides some additional (though modest)
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support for the successful controlled growth hypqthésis. In session 4, the two-person group
wasragain_able to coordinafe efficiently. In this session, however, when the third person was
added the minimum continued-at 7 and remained there through the entire growth path. Effi-
cient coordiﬁation was obtained in all periods and an efficient group of size 12 was obtained.

The results of this session provide strong evidence of successful growth.

Sessions 5 through 7 were conducted at UC Santa Cruz. These sessions used growth path
-3 which is identical to groWi;h path 2 except that participant 12 enters at the same time as
+ participant 11.4! In session 5, the two-person group coordinated efficiently in periods 3-5.
.. Efficient coordination continued until period 14, when the seventh participant entered and
the minimum fell to 4 and then 3 the next period, where it remained. While a drop in
efficiency occurred when group size reached 7, the minimum did not fall the whole way to
1. This again provides some evidence that more efficient coordination in large groups can
be obtained using growth. Behavior in session 6 was initially very similar. The minimum
was 7 through periéd 13 when 6 subjects were participating. When the seventh participant
was added, the minimum fell to 5. It then continued to fall by one every period. While
the minimum eventually reached 1, the decline was much more regular and gradual than
in the control data. In session 7, the two person group was not able to coordinate on the
efficient equilibrium. Instead, the minimum was 6 for all first five periods. The minimum

continued to be 6 through period 12. In period 13, the sixth participant entered and selected

41This modification was made because of the concern that selecting one individual to be the last entrant
might create greater incentives for this participant to want to punish other players.
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1, lowering the minimum. The minimum then went up to 4 and remained there through
the 18th period, when the final two participants entered. It then dropped in the next two
periods to 1. Thus, while efficient coordination was not maintained through all the periods,

a large group with a minimum higher than one was obtained.

This first part of the-analysis, though mainly a casual examination of behavior in indi-
vidual sessions, nonetheless helps shed light on several behavioral regularities. First, while
“efficient coordination does not occur in all cases, efficiency (measured by the value of the
*minimum) is higher for large groups than in previous experiments. In only three of the seven
sessions is the minimum initially 1 for the groups of size 12 — after having already played
several periods in large groups (of size 11, 10, etc.). In the other four sessions the minima
are 3, 4, 5 and 7. In the following period, efficiency declines in only one of the sessions (the

minimum falls from 4 to 3 in session 7).

In addition, in all the sessions that end up at a minimum of 1, the minimum is higher
at least through a group size of 9. This higher level of efficiency for groups of size 9 (the
“minima are 2, 5, 5, 7, 3, 3, and 4) is surprising in light of the fact that the minimum was
always 1 for the large groups (nine or larger) in Table 3.2 Thu‘s, there is support for the
‘hypothesis that starting with a ‘2- person group, which reliably reaches efficiency, and adding

players slowly enough, enables much better coordination than starting with large groups.*?

. **While Table 3 reports the fifth period minima, the minima in the first period were not as high as in the
sessions reported here and there was never a minimum of 7.
“*In addition, the results of the experiments by Knez and Camerer (1994) which showed that “merging”
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Second, it appears that early experience with growth is important in determining subse-
quent success. In sessions 2 through 7, the minimum did not drop when the foﬁrth person
was added compared to wﬁat it was when the third participant entered. In these groups,
the minimum was 5 or greater through at least period 12, indicating that subjects may have
learned that controlled growth was poséible (at least for a while). In session 1, however,
the minimum dropped both of the initial times the group grew and continued to drop with

growth, indicating that the initial experience with growth led subjects to believe that the

4, group could not grow successfully.

Third, the results of session 1, in which efficiency declined steadily, suggest that players
. may form “higher—order” precedents based on not just levels of previous play (e.g., expect
the previous minimum to be the minimum again), but also on the relation between levels of
previous play and group sizes or transitions. The fact that the minimum falls by one unit
when a third person is added, and falls again by that same amount when a fourth person is
added, seems to create a belief that adding a person leads the minimum to fall by one (which
is self-fulfilled when the fifth, seventh, ninth and tenth people are added, though ﬁot when
the sixth and eighth are added). This kind of behavior had not been observed in previoué

work because nobody had changed structural variables repeatedly from period to period, in

two three person groups leads to coordination failure (the minimum fell to 1 80 percent of the time) indicate
that growth can be too rapid. This provides additional evidence that controlled growth can play an important
role in obtaining successful coordination in large groups. Note that the minimum for a group of size 6 was
1 in only one of the seven sessions in experiment 1.
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a way which allows formation of higher-order relational precedents. However, it is impossible

to make any generalizations based on the results of this session alone.*

The resulfs of these sessions indicate that controlled growth can help solve the problem

-of large group coordination failure. However, the growth paths used do not always succeed

“in creating large, eﬂiciently coordinated groups and, in fact, in only one of the sessions did

-the minimum remain at 7 throughout. Given the difficulty of obtaining successful growth,

-=an interesting question is whether subjects are awaré of the need for slow, regular growth
=paths and, if so, whether they can discover more effective growth paths than those used in
-these experiments. A second set of experiments addresses this question by endogenizing the

growth path.

4.2.3 Endogenously determined growth paths

For the experiments in which the growth path is determined by a manager, four sessions
were conducted using 52 subjects. These experiments were conducted at the Califorria In-
sstitute of Technology. While the number of sessions provides data on the choices of only four
managers, the results provide interesting insights into the managers’ cognition of the need
for controlled growth as well as further evidence supporting the main growth hypothesis.

Again, the results will first be examined by looking at behavior in individual sessions. In the

= #4There is even more convincing evidence of this result, however, in experiment 2.
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next section, the aggregate results of both experiments will be analyzed more rigorously.

The growth paths ex;lployed by_the four managers (sessions E1 through E4) are presented
~ in Figure 6. The important thing to note is that all four managers initially grew the groups

~quickly. In the first period, managers were constré,ined‘to a group size of two, but in the next
~ period, all of them added at least three new players. It is also worthwhile to note that two
of the four managers (sessions E1 and E4) subsequently implemented much slower growth
paths. In order to more closely analyze the behavior of individual managers, it is worthwhile
+v'to examine the individual session data. Figures 7 through 10 report the results (growth path

+ and minima) for each of the endogenous growth sessions.

(Figures 6 - 8 about here)

Figure 7 presents the results for session E1. The minimﬁm choice in the first period
was 6, which represents a high level of efficiency. In the second period, the first period in
-which the manager determined the group size, the manager raised the group size to 6. The
-~ minimum remained at 6, but then dropped to 5 when the manager increased group size to
9 in the next period. While group size remained at 9 in.period 4, the minimum fell té 4
and remained there for several periods while the manager varied the group size between 8
and 12. At a minimum of 4, the manager earned $0.11 per period for a group of size 12,
but this is less than he could earn by having a group of size 2-coordinating efficiently. The
manager. then proceedéd to “fire” several participants and start over v;rith a group of size 2.
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‘This succeeded in raising the minimum back up to 6. Tﬁe manager thén added one moré
‘participant, which did not reduce the minimum, and remained at a group size of 3 for 4
periods. He then increaséd the group size by one every period until reaching a group size of
12 in period 25. The minimum remained at 6 through the remaining periods.®> Thus, while
- the manager initially failed to rea.lizé the need for controlled growth and added participants
“too quickly, he started 6ver with a group size of 2 and proceeded to add participants at a

- slow enough rate to create a large group playing a minimum of 6.

< In session E2 (Figure 8), the first two participants coordinated efficiently on 7 in the first
period. When the manager increased the group size to 5 in the next period the minimum
remained at 7, but it then fell to 6 when the manager added 5 more participants in the next
period. The manager then tried to raise the minimum by varying the group size (between
8 and 12) and reassigning participant numberé in the next few periods. However, while the
minimum initially remained at 6, it fell to 1 in period 8 (when group size increased from 10
to 12). The manager then decreased the group size to 8 and the minimum went back up to
5. During the remaining periods, the manager tried to increase the minimum by varying the
i'gfoup size. Although the smallest size he then selected was 4 (until the last period), when
he did so the group almost always recovered to a minimum of 6. However, the manager did
not let the group remain at a size of 4 for more than one period and tried to increase the

group immediately by adding at least 2 more participants. This resulted in a drop in the

" 45The minimum fell to 1 in the final period. This was the result of one participant’s choice and is an
example of the end game effect discussed earlier.
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minimum every time. The manager continued to vary the group size (with a resulting effect
on the minimum) for the remaining periods, but was unable to find a growth path allowing

him to create a large, efficiently ‘coordinated group.

The results of session E3 (Figure 9) are similar. In this session, the minimum was 3 in
‘the first period. Rather than allowing the two first participants time to coordinate, however,
the manager immediately increased the group size to 7 and the minimum remained at 3. He
decreased group size to 2 in period 4 - increasing the minimum to 6 — but then proceeded to

+ add participants right away, leading to a drop in the minimum. Similarly to the manager in

-+ session E2, this manager varied the group size (between 3 and 10) in the remaining periods,

~increasing the group size too quickly after any increase in the minimum.

(Figures 9 & 10 about here)

The behavior of the manager in session E4 was like that of the manager in session E1 in
that he also grew the group too quickly initially, but then’ subsequently used slower growth
successfully. The minimum was 6 for the group of size 2 in the first period. The manager
then tried to grow the group too quickly (increasing the size to 10) and the minimum fell
to 1 in the next period. The minimum remained at 1 while the manager tried group sizes
of 12, 7, and 5 unsuccessfully, and then moved up to 3 when he set group size at 3. The
manager then increased the group size by one and allowed the group of size 4 enough time
to raise the minimum to 6. When group size again increased by one, the minimum again
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fell tQ 3, but then rose to 7 as group size remained the same for Severél periods. For the
remainder of the experiment, the maﬁager always added only one or two paftic_ipants’ at a
time and the minimum féll to either 3, 4, or 5 every time the group grew. However, after the
;initvial drop following growth, the minimum increased by exactly 1 iﬁ every period in which
the group size remained the same. This continued until period 33, when the entire group of
12 participants coordinated sﬁccessfully on 7. Thus, after initially growing too quickly, the

manager in session E4 discovered a growth path slow enough to lead to efficient coordination.

= The results of session E4 also point to an intéresting phenomenon similar to the reaction
to growth in session 1 of the first experiments, in which the minimum fell exactly by one
when the group grew. In all periods-after period 7, the group reacted in the same manner
to growth. Every time the group grew, the minimum fell, but then increased by exactly one
for every period that the group did not grow. Thus, similarly to session 1, a self- enforcing

norm was established concerning how the group would react to growth.

While there are only four sessions, it is again possible to draw some preliminary conclu-
“sions bésed on an examination of the data. First, in all four sessions the subjects participating
-in the role of manager initially grew the groups too quickly, resulting in coordination failure.

"This points to a lack of cognition of both the difficulty of coordiqating large groups — which

is consistent with previous research (see Weber, et al., 1998) — and the need for controlled
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growth to solve coordination failure.46

Following this initial failure, howeve;, there is evidence that some subjects learned to
grow using a slower and more regular approach. While two of the managers failed to re-
alize this and continued to grow too quickly, the other two started over with small groups
and then grew slowly (never adding more than 2 participants at a time) to create large
groups coordinated on minima of 6 and 7. The two managers that started over and grew
slowly had higher earnings than the managers that did not (managers in sessions E1 and E4
.+ earned $7.39 and $7.37, respectively, while the managers in sessions E2 and E3 earned $4.28

- and $2.54).4" It is interesting to note that the growth path used by the manager in session

E1 is very similar to the growth paths used in the sessions with pre-determined growth paths.

There is also further support in these experiments for the hypothesis that slow, regular
growth can lead to successful coordination in large groups. In the two sessions in which the

managers started over at a small size and grew slowly (sessions E1 and E4), the result was

461t should be noted that though the managers in these experiments are students and not professional
managers, students at Caltech are not a representative student population in that they are well above
average in quantitative and analytical skills. In addition, many of them go on to fill important management
positions and start high-tech firms shortly after leaving Caltech. Therefore, while it would be interesting to
examine whether this result extends to a population of professional managers or MBA students (which is a
possibility for future research - particularly if it is possible to conduct the one subject experiments discussed
earlier), the use of this population allows for claims of at least some external validity.

4TWhile the managers in sessions E2 and E3 did “poorly” in that they tried to grow the groups too quickly
and therefore failed, they still made positive profits because they were always able to decrease the size of
the group which usually led to improved coordination (or at least less negative earnings). In fact, while
the average per period earnings of both the successful managers was $0.211, this number was $0.097 for
the other two managers. The latter number is close to the average per period earnings ($0.087) that would
have resulted if the payoffs in Table 4 had been applied to the results from experiment 1 (in which the
experimenter served as manager). That these two numbers are close is surprising since in experiment 1 the
group was constrained to grow even.if the minimum fell to one and this was not true in experiment 2.
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large groups that coordinated on high minima. In addition, the failure to succeed of the
other two managers indicates that the rate of growth is important in obtaining efficient large

group coordination.

Finally, the results of session E4 provide strong additional support for the previously
mentioned conjecﬁure that experience with growth plays an important role in subsequent
reactions to growth. In this session, as in session 1, subjects responded not just to the

~previous minimum, but to what happened to the minimum as the group grew. Therefore, a
iprécedent was established indicating that evei'y time the group grew, the minimum fell, but
that in évery period that the group did not grow, the minimum went up by exactly one. The
strength of this precedent and the extent to which it was a self-reinforcing belief held by all
players is evident in the last few episodes of growth. When the group grew to a group size
of 10, the minimum fell to 5. In the next two periods, all 10 players played first 6 and then
7. When the group grew again to a size of 12, the minimum fell to 4. In the next three
periods, all 12 players played first 5, then 6, and then 7. This points to a strong coordinating

effect of previous experience with growth.

The above examination of behavior in the two experiments supports the notion that

growth can lead to higher efficiency in large groups and points to additional interesting re-

48Since this was the first time that the group had grown successfully by more than one, there was noticeable
agitation (e.g., fidgeting, longer response time) by several participants in the experiment. This points to
sthe importance of the precedent since players were nervous because they had never experienced this kind of
growth before and were therefore uncertain about what the outcome would be. As a result, the minimum
fell below (to 4) what it had fallen the last few times the group grew (to 5). :
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sults. However, in order to establish more conclusively that growth works, the aggregate

results must be examined more carefully.

4.2.4 Aggregate Results

In order to test the main hypothesis of the paper — that groups that are grown slowly are
more efficiently coordinated than groups that start off at a large group size - it is neces-
sary to look at the aggregate data. The sessions with pre-determined growth paths are all
examples of 12 person groups that were grown slowly since they started off at small group
+ sizes (2) and grew in size by only adding one or two players at a time to a large size (12).
In addition to these sessions, however, two of the sessions with endogenous growth paths
also provide data on groups that were grown slowly. In both sessions E1 and E4, follov?ing
initial unsuccessful rapid growth, the managers started the groups over at small sizes (2 and
3, respectively) and then grew the groups slowly - never adding more than two players at a
time — until reaching a group size of 12. Therefore, these two sessions are pooled together

with the results of the first experiments in Table 5.

Table 5 presents the growth paths (number of active participants) and minimum choices
by period for each of the grown groups. For each of the five growth paths used (two of which
were determined by the managers in experiment 2), the results of groups growing at that rate

are presented.?® Of the resulting nine 12 person groups, two were successfully coordinated

49 Al of the periods are not included in the table for sessions E1 and E4 since these experiments lasted
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on 7 for more than one period (though the final two periods for session E4 in whiéh all 12
playeré selected 7 are ho§ includedk in the table). There was one 12—p,ersqn' group in which the
ininimurh was,6,'aﬁother in which it was 5, and another in whiéh it was 3. In another group,
the minimurﬁ at size 12 was initially 4, but it then fell to 3 and then 1. In the remaining
three groups,‘the’ minimum was 1 by the time group size reached 12 and it remained there.
While a majority of »’t'he groups arev not efficiently coordinated, the fact that two é.re playing
;rlinima of 7 and another three are coordinated at levels of efficiency higher than 1 indicates
‘that growth does work, even if only limitedly. In addition, as mentioned before, the majority
Eof groups are also playing higher minima at intermediate group sizes (such as 9) than they

did in previous experiments.

A better test of whether growth works or not can be obtained by comparing the distri-
bution of choices between the grown groups and the control sessions, in which group size
was constant at 12. In order kto make this compar@éon, however, it is necessary to decide on
a vaiid comparison period. Thebcontrol groups played as large groups for 12 periods. The
{gfown groups all started off at small sizes and did not reach a group size of 12 for several
periods. The earliest period in which a grown group reached the maximum size was period
}8. Also, the grown groups did not all reach that size in the same period. The key question,

then, is when the comparison should be made. A reasonable comparison is to compare the

longer and the focus is on what occurred when the groups reached larger sizes. The complete data for these
sessions is available in Figures 12 and 18.

57



Period _

. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
“Growth ' ’ ‘

path 1 2 2 2 2 2 2 3 3 4 4 5 6 7 8 9 10 11 12 12 12

Session 1 T 7T 7T 7T 776 65 5 4 4 3 3 2 1 1 1 1 1
Session2 |6 5 7 6 7 7 5 6 5 6 5 5 5 5 5 5 5 5 5 5
“Growth ‘ '

path 2 2 2 2 2 2 3 3 3 3 4 4 5 6 7 8 9 10 11 12 12

Session 3 T 7T 7T 7T 75 5 5 5 5 5 5 5 5 5 5 1 1 1 1
__Stession 4 7 7 77777 T T 7T 7T 7 7T 7 797 797 7 7%
“Growth '

path 3 2 2 2 2 2 3 3 33 4 4 5 6 7 8 9 10 12 12 12

Session5 (6 6 7 7 7 7 7 7 7 7 7 7 7 4 3 3 3 3 3 3

Session6 |7 7 7 7 7 7 7T 7T v 7 7 7 7 5 4 3 2 1 1 1
Session7 |6 6 6 6 6 6 6 6 6 6 6 6 1 4 4 4 4 4 3 1
~Growth

path El 2 3 3 3 3 45 6 7 8 9 10 1 12 12 12 12 12 12

Session E1 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Growth '

path E4 5 6 6 6 6 7 7 8 8 8 9 9 10 10 10 12 12 12 12

Session E4 5 4 5 6 7 5 6 5 6 7 5 6 5 6 7 4 5 6 7

Table 5: Minimum choices by period for "slow growth” sessions

control groups in period ¢ with the ¢-th period in which the grown groups played as groups
of size 12. In this case, subjects in both treatments have ¢t — 1 periods of play in 12-person
groups and therefore share a similar history. This 1s still not a perfect comparison since the
grown groups have a much longer history that includes the periods spent growing, andAthe
question remains about when the comparison should be made (i.e., what the value of ¢ should
be). Should the first period of play in the control groups be cofnpared to the first period
in which the grown groups reached the maximum size? Another issue\’has to do with how
many periods as 12—person groups there is data for in the grown groups. Since the maximum
number of periods (after reaching a size of 12) in which there is data for all the grox&n groups

is four, and since by period 4 the majority of 12-person groups have coordinated on some
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equilibrium, this was decided updn as the appropriéte comparison point. Table 6, therefore,

compares the distribution of subject choices in the four control sessions and the nine growth

sessions in the fourth period in which participa'nts played at a group size of 12.

Control "~ Growth

712 (42%) ] 20 (185 %)

61 0 (00% | 15 (139%) |

5/ 5 (104%)| 13 (120%)
Choice 4]16 (33.3%) 8 (74 %)

3| 5 (104%)| 10 (9.3%)

2/ 9 (188%)| 9 (83%)

111 (229%)| 33 (30.6%)
Total 48 108 '
Minima 1,1,14 1,1,1,1,3,4,5,6,7

Table 6: Distribution of subject choice in fourth period as 12-person groups

The first thing to note is that the number of subjects choosing 1 is high in both conditions
(11 of 48 in the control sessions and 33 of 108 in the growth sessions). While this number is
higher for the growth sessions, this is not surprising since in three of the nine grown groups
the minimum was 1 even before the group reached a size of 12. In these groups, therefore,
the‘re.were more ‘pfevious periods for subjects’ choices to converge towards the inefficient
equilibrium than in the control treatment.

Just as interesting, however, is the difference in the distribution of high choices (6 0or7)
'i:getweeri the two treatments. In the control sessions, only 2 of 48 subjects (4.2%) played

N,

either a 6 or a 7, while this is true of 35 of 108 subjects (32.4%). Therefore, the number of
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subjects playing the two highest strategies is much higher in the grown groups than in the

control sessions.

The distributions of choices in Table 6 are significantly different when compafed using

a Chi-Square test (X%s) =29.97, p < 0.001). In addition, when the cumulative choice fre-
quencies (which can be derived from Table 6) are compared, the null hypothesis that the
distributions are the same can be rejected in favor of higher choices in the grown groups at
the p < 0.01 level (Kolmogorov-Smirnoff one-tailed, x%, = 11.85) . Some additional sup-
<. port for the hypothesis that growth leads to greater efficiency can be found in a comparison
- of the minima in the fourth period after growth. These minima are reported in the final row
- of Table 6. Note that the minimum in all but one of the control sessions is 1 and that while
- the minimum in four of the growth session is also 1, the minimum is greater than 1 in the re-
maining five session and there are grown groups with minima of 6 and 7. A Mann-Whitney U
test of the minima yields the test statistic z = 1.09. While the corresponding p-value of 0.13
is greater than the usual significance levels, it must be noted that this test and p-value are

extremely conservative since they treat each group of twelve subjects as just one observation.

As the results of the above tests indicate, choices in the fourth period as a group of size

twelve tend to be higher in the grown groups than in control groups. When each subject’s

%0Both of these tests, however, rely on the assumption that all the observations in each treatment are
independent. In this case (as in much of experimental data) this assumption is not satisfied since the choices
of all of the subjects in a session in a particular period are affected by the common history shared by these
subjects. Therefore, the level of significance reported by the statistics is exaggerated.
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choice is treated as an indepéndent observation, ‘the diﬁerenéefijs highly signiﬁéant‘. How-
evér, this signiﬁéénce is exaggerated as the assumption of complete independer_ice between
subjects’ choices is inostl likely unreasonable for subjects with a sharéd history in the same
group. Theréfor'e, as the last test indicates, when each session is treated as only one obser-
vation, the results are not quite significant.. However, ,thisl extreme assumption of complete
lack of independence results in a test that‘ is too conservative and underestimates the true

significance level.

A better test of the difference between the two conditions has to control for the lack
of independence between subjects” choicés, bﬁt also has to recognize that this dependence
_is limited. Therefore, the test should control for the within session subject dependence
without treating all subjects within a group as one observation. This interdependence in
subject choices arises because of the shared history that the subjects in a session have
jointly observed in previous periods. Therefore, one possible test is to consider the differencé
between subject choices by treatment in a period while controlling for dependence arising
from shared history, recognizing that subjects’ choices are conditionally i'ndependént once
the effect of shared history is removed. Using Crawford’s (1995) dynamic mode_l of behavior
in weak link games allows for the inclusion of this dependence. In Crawford’s model, a player
:i’s choice in period ¢ (z;;) can be described as a paftial adjustment between her own previous

::(:hoice (Tit-1) and the minimum in the previous round (y,_;), along with a drift parameter
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(a:) and an idiosyncratic error term (e;):3! .

Tyt = 0+ Belfe-1 + (1 — Be)Tie—1 + €2 (1)

Subjects’ choices in period 4 after growth (period 4’) are not independent because players
have jointly obeerved all the previous minima with other players in their session. However,
controlling for all the prior common information within a session, subjects’ choices are con-
ditionally independent. Therefore, one way to control for lack of independence in period 4’
choices is to include the effect of the previous minima (for periods 1’ through 3’). In the
growth sessions there are periods before period 1’ (since period 1’ is actually the first period
| at a group size of 12) and interdependence in subject choices may arise due to shared his-
tory in these prior periods, However, most of the effect of this interdependence on period 4’
choices can be captured in subjects’ period 1’ choices. Therefore, the lack of within-session
independence in subjects period 4’> choices is controlled for in a regression of period 4’ choice
on a treatment dummy variable and on the three previous minima as well as on choice in
period 1’. This model was estimated using ordinary least squares. The estimated coefficient

for the treatment dummy variable (growth = 1) was 0.496 and was significantly greater

than zero (¢ = 2.199, p < 0.03) indicating that subject choices were higher in the growth

51Crawford’s model is used rather than the model from the previous section, because Crawford’s model is
a more complete description of behavior in order-statistic coordination games. Since the goal here is to test
the difference between the two treatments while controlling for non-treatment sources of variation, the more
descriptively complete model is used. For the purpose of this section, the only difference between the two
models lies in the drift paraméter. Omitting it from the analysis does not change the results.
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treatment, even after controlling for the shared history.

Taken together, the above dnalysis convincingly indicates a positive effect of the growth
treatment on subject choices. While the lack of independence between subject choices within
sessions complicates the analysis, the result persists when controlling for this interdepen-

dence.

There is also evidence that the rate of growth mattered. Ali four of the managers in
‘experiment 2 encountered problems aftér growing the groups too quickly. The two success-
ful managers (sessions E1 and E4) were able to grow efficiently coordinated groups only
by starting over at a small size and then growing slowly. The other two managers did not
attempt to do so — but instead continued to try to grow quickly — and subsequently failed.
The correlation between change in group size (number of playérs added or dropped) and
change in the minimum in experiment 2 is -0.497, indicating that the minimum decreased

when group size increased by a large amount.5?

~ The above tests support the result that grown groups are more efficiently coordinated
than groups that start off large. Even without examining the aggregate results, however,

the fact that two 12-person groups were able to successfully coordinate on the efficient equi-

librium (a result never previously obtained) shows that growth can work to help solve large

52This correlation is -0.166 for experiment 1.
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B A

group coordination failure.

/

5 Discussion

Coordination problems have been recognized as an important issue for firms. The weak-link
coordination gaine models the most punishing forms of coordination — where the lowest level
of any input has a strong effect on efficiency. This coordination problem is one frequently
enéountered by firms. Efficient coordination in this game becomes much more difficult as
the number of players grows, indicating that increaséd codrdination may become a more
important problem as organizations grow. Previous experimental results indicate that it is

impossible for large groups to coordinate on the efficient equilibrium.

Motivéted by the observation from the business world that firms are often said to “grow
too fast,” by an example of a firm that grew slowly specifically to solve coordination prob-
lems, and by a model suggesting that slow growth may work to solve large group coordination
failure in the weak-link ga’rhe, this paper has argued that the growth process itself can be
managed to alleviate large-group cobrdination problems. Experiments were conducted to

test this hypothesis. Evidence from the experiments indicates that growth may play an im-

‘portant role in determining the ability of large groups to coordinate efficiently. Starting with

small groups that play efficiently and adding players slowly enough resulted in groups of size

12 at efficiency levels above the usually observed minimum. In fact, some of the minima
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in large groups reached the higheSt levels of efficiency. Thi‘é was true for groups starting
6ut small and growing slowly both by growth paths determined by the experimenter and
by growth paths deternllined by a subject in the role of manager. The endogenous growth. |
experiments also indicated that slow growth may be critical, as all four managers initially
grew too fast and met W'ith failure. However, some of the managers learned to grow slowly
from experience.: In addition, there is evidence that subjects’ initial experiences with growth
may be critical for determining subsequent sﬁccess with growth and that previous experi-
ences with growth may set precedents concerning what will happen the next time a group

“gTOWS.

While the results of the experiments indicate that growth plays an important role in
determining success or failure in large group coordination problems, the generalization of
these findings to organizations must be taken with caution. The laboratory is an artificial
environment and subjects participating in simple experiments do not correspond directly
to actors in complex organizations. In order to establish a connection, evidence must be
found in the functioning of real organizations. The example of Southwest Airlines provides a
‘convincing case in which the growth process itself appears to have been successfully manip-
ulated to avoid coordination problems. However, this is just one case and a more exhaustive »
‘empirical study would greatly complement the results of this paper. For instance, a more
-complete analysis might involve comparing the growt’h strategies of several firms across in-

dustries in which the importance of coordination varies. One conjecture is that growth paths
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would matter more (in determining success or failure) in industries where coordination plays

a more central role, such as the airline industry.

It is also important to remember that controlled grthi;iis jusﬁ one of the heans by which
organizations avoid coordination problems due to size. Recall that in addition to growing
slowly, Southwest also expended great effort on ensuring that new employees would fit well
§vithin the culture. Thus, socialization mechanisms for new entrants can play an important
role in determining the ability of the organization to coordinate activity succeésfully. This
“ is noted by Weick and Roberts (1993) who argue that “The quality of collective mind is

heavily dependent on f,he Way insiders interact with newcomers.” (p. 368) In fact, in the
-experiments above, an important element of the design is that future entrants to the game
are sitting in the same room as those currently playing and this is commonly known by
all. If these entrants are not aware of the history of outcomes (or if the current players are
not aware that the entrants know the history), the strength of the socialization process is

weakened and growth is likely to be less successful.

Aside from socialization and training, better communication can help members of an
organization remain successfully coordinated as the organization grows. Heath and Stau-
denmeyer (1999) stress the importance of direct physical communication in helping groups
solve coordination problems. However, since the best way to achieve this is to place people

in the same location, it is not always possible throughout the growth process. Therefore, it
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}may also be tneceésafy to implement better long- distance éofnmunicémtion techn;)logy. Re-
cent work has ex:ammined how decision making is affected by different forms of communication
(Kiesler and Sproull, 1992; Hinds and Kiesler, 1995). Allowing varying forms of communica-
tion in the above experiments might also yield important insighfs into how the ability of an
organization tq coordinate succéssfully is affected by different modes of communication and
information transmission.” This becomes particularly important as firms expand geographi-

cally.

In spite of these caveats and the need to conduct additional studies to address the above
questions, the contribution of this paper is obvious: there exists at least one clear solution
for large group coordination failure. This solution is a careful planning of the growth process

itself.
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