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Abstract

We examine how communication affects cooperation with the help of seven standard 
public goods experiments that only differ with respect to the medium of pre-play 
communication. Our treatments include bi-directional and unidirectional communica-
tion via (mostly electronic) auditory and/or visual channels. The results suggest that 
successful cooperation is attributable to the opportunity of ‘coordinating’ behavior in 
the communication phase. Furthermore, both the level and the stability of cooperation 
significantly interact with the communication medium, even though the content of 
communication is remarkably similar across the communication treatments.
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1. Introduction

Extensive experimental research on dilemma games has produced a number of stylized facts 

that describe systematic deviations from Nash-equilibrium-play. One of the few variables that is 

known to have a robust and strong positive effect on the level of cooperation is the opportunity to 

communicate (Sally, 1995). While public goods experiments stimulated the development of new 

theories that are able to organize many of the factors that influence the voluntary contribution 

patterns,1 the finding that communication enhances cooperation is, given its significance, not 

well-understood and underrepresented in both the theoretical and empirical work on public goods 

games (see e.g. Ledyard, 1995). 

This paper examines how the communication medium affects cooperation in a social dilemma. 

Because neither the economic theory of communication nor experimental economics in this area 

is sufficiently advanced to guide our research, we decided to explore in a first step a rather broad 

range of communication media. In particular, by gradually changing the communication medium 

we separate those features of face-to-face communication that are essential for the activation of 

cooperative behavior from other accompaniments of communication: Does communication en-

hance cooperation per se, regardless of whether interaction is face-to-face or not? Can the coop-

eration-enhancing effect of face-to-face communication be reproduced by an internet video-

conference, or are electronic media inferior to non-electronic media? Can it be reproduced by an 

audio-conference, or is visual communication essential? Can unidirectional communication sup-

port cooperative outcomes, or is bidirectional communication necessary?2 To what extent is vis-

1 The list of relevant theories is long. A first group of theories captures voluntary contributions in public good ex-
periments as the result of other-regarding preferences such as altruism (Andreoni, 1993, 1996; Sefton and Steinberg, 
1996; Palfrey and Prisbrey, 1997), cooperative gain seeking (Brandts and Schram, 2001), or a concern for relative 
payoffs (Bolton and Ockenfels, 2000; Fehr and Schmidt, 1999). Other models combine the assumption of altruism 
with the supposition that players make mistakes (McKelvey and Palfrey, 1995; Palfrey and Prisbrey, 1997; Anderson 
et al., 1998). Some of these models are also consistent with the empirical facts that voluntary contributions tend to 
decrease over time, depend positively on the marginal per capita return of the public good, and may increase with the 
number of players, as has been observed by Isaac and Walker (1988) and Isaac et. al (1994) among others. Further 
models include evolutionary approaches (Andreoni and Miller, 1993), learning models (Erev and Roth, forthcoming), 
models of strategic reputation building (in the tradition of Kreps et al., 1982) and models of boundedly rational deci-
sion making (Selten et al., 1997). For reviews see Ledyard (1995) and Holt and Laury (1997).
2 Unidirectional communication media such as newspapers or TV-shows are frequently used to reach large groups. 
Since economic public goods problems are often large-group-problems (e.g., global environmental problems), the 
question whether large groups communication technologies exhibit similar positive effects as small group communi-
cation technologies is of central interest. Our experiments will show that unidirectional communication is not able to 
increase cooperation in the same way face-to-face communication can. But, of course, we employ the same group 
size in all treatments in order to secure the comparability of uni- and bidirectional communication media. In this 
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ual identification, yielding an increased social closeness, a key component of face-to-face com-

munication?3

Section 2 describes our experimental design. Section 3 gives an overview of the average level 

and stability effects across treatments, and then explores in more detail individual and group be-

havior. We demonstrate that the communication medium matters in systematic ways, and that the 

cooperation-enhancing effect of communication can be to a large extent attributed to the opportu-

nity of coordinating behavior in the communication phase. Since the opportunity to coordinate 

varies with the communication medium, this partly (but not completely) explains our treatment 

effect. Section 4 briefly concludes our study with a discussion of the results and possible implica-

tions for theoretical and applied communication medium research. We caution from the start, 

however, that our study is exploratory, and that given the lack of theoretical and empirical re-

search in this area, any firm conclusions about the impact of communication media are necessar-

ily subject to further studies. 

2. Experimental design

All experimental sessions consisted of three consecutive phases, the training-phase, the commu-

nication-phase and the game-phase. In the game-phase, subjects played a standard four-person 

public good game over ten rounds. In each round, every subject got an endowment of DM 2.00 

(= 200 Pfennige) and had to decide how much of the endowment to "keep" for oneself and how 

much to "give" to the group. The individual group contribution ix  yielded a payment of 2/ix  for 

each subject. Thus, the individual payoff iπ  per round was 

∑
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After each round, subjects were informed about their individual given and kept amounts in that 

round, their individual round payoff and the sum of the amounts given by all four group mem-

bers. (During the game phase, all feedback was calculated and provided through a computer net-

work.) While not contributing in all decision rounds is the unique subgame-perfect equilibrium, 

sense, our results do not directly speak to what happens in large groups. In addition, as one of the referees pointed 
out, multidirectional communication is common also in large groups.
3 Hypotheses along these lines can be found in Hoffman et al. 1996, 1999, and Bohnet and Frey 1999a,b.
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group-payoff could be doubled (and maximized) if all subjects gave their entire endowment to the 

group. 

At the beginning of each session, the subjects were given the opportunity to practice the game 

described above in a training-phase. In particular, they played twenty rounds of the game in 

which the computer simulated the decisions of the other three group members following a prede-

termined algorithm that was the same for all subjects. A full description of this simple algorithm 

was included in the instructions (see Appendix I for all instructions). 

After having completed the training-phase, the (pre-play) communication-phase began. In to-

tal, we run seven treatments that only differed with respect to the communication opportunities as 

shown in Table 1 and as described below. In all treatments, we used soundproof cabins that were 

endowed with an audio- and video-conferencing-system (video-camera, video-monitor, micro-

phone, headphone) and linked with each other by a separable audio- and video-network.

Treatment Verbal communication
(i.e., transmission of linguistic messages)

Anonymous interaction
(i.e., neither auditory nor visual iden-
tification of other group members)

Reference no yes

Identification no no
visual identification 

Lecture yes
passive (ca. 5 min.)

yes

Talk-show yes
passive (ca. 5 min.)

yes

Audio-conference yes
active (max. 10 min.)

no
auditory identification

Video-conference yes
active (max. 10 min.)

no
visual & auditory identification

Table-conference yes
active (max. 10 min.)

no
visual & auditory identification

Table 1: Experimental treatments

Our goal is to decompose the cooperation-enhancing effect of communication as observed in 

earlier studies. In such a typical study (see e.g. Isaac et al. 1985, Isaac and Walker 1988) the out-

comes of two dilemma game treatments are compared, one with no communication at all and one 
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typically with pre-play face-to-face interaction. However, since face-to-face interaction allows 

the partners to communicate via both auditory and visual channels, to identify each other, to re-

spond to each other, and to exchange unrestricted messages, the change of behavior may be at-

tributed to each (combination) of these options. To systematically study these features along with 

the potential scope of electronic face-to-face communication technologies, we examine the fol-

lowing seven treatments. 

In the reference treatment, subjects played the standard public good game without pre-play 

communication. The identification treatment did not allow any form of verbal communication but 

only visual identification. Here, during the communication phase, subjects could only see each 

other for ten seconds on a screen divided into four quads each showing another group member. 

Any kind of visual signaling of game-relevant information was prohibited. Nevertheless, identifi-

cation reduces what is sometimes called “social distance” and therefore may increase the scope 

for reputation effects which in turn may yield more cooperation (see Hoffman et al., 1996, 1999, 

and Bohnet and Frey, 1999a,b). In contrast, the audio-conference treatment allowed auditory 

communication, but no visual identification. That is, subjects could talk to each other via micro-

phone and headphone for a maximum of ten minutes but could not see each other. In the video-

and table-conferences subjects were given the opportunity for both, visual and auditory commu-

nication. In the video-conferences subjects communicated with each other simultaneously via a 

video-conferencing system utilizing a combination of the equipment that was used in the identifi-

cation and audio-conference treatments. In the table-conferences subjects were led into a separate 

room and seated around a table where they could talk with each other for a maximum of ten min-

utes. So, our study includes two different face-to-face communication treatments, the video-

conference based on electronic communication channels (as feasible on the internet) and the ta-

ble-conference that requires the communication partners to come together at the same place.

While the latter treatments allowed ‘active’ communication, i.e. subjects verbally communi-

cated themselves, the treatments lecture and talk-show only allowed ‘passive’ communication, 

i.e. subjects were exposed to the communication of others and could not intervene. During the 

communication phase of the talk-show treatment, subjects were shown the video-taped discussion 

of another group that took part at the video-conference treatment. In the lecture treatment subjects 

saw a video-lecture given by a lecturer who was not involved in the experiments. In his talk, the 

lecturer explained the standard public good game, characterized both the subgame-perfect equi-

librium and the outcome that maximizes group-payoff and described experimental results reveal-
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ing that face-to-face communication has a substantial effect on the amount of the public good 

provided.4 All subjects in either treatment saw the same video. 

As far as verbal communication was permitted in the communication-phase, the content of 

discussions was not restricted. In order to analyze the content and the course of the talk, all dis-

cussions were videotaped. Complete transcripts of all active communication are available from 

the authors.

In all sessions, we tried to secure that subjects were not acquainted with each other and, as far 

as predestined by our design, had no contact with other group members either before, in the 

course of or after the experiment. Therefore, we recruited subjects from a large variety of under-

graduate courses in economics and business administration in different semesters. Also, in addi-

tion to their registration, subjects had to sign a form, stating that they will inform the experi-

menter when they notice that an acquaintance will take part at the same session. For the experi-

ment, each subject was appointed to another room so that any contact between subjects before the 

experiments was ruled out. Having arrived at their rooms, subjects were led one after another to 

their cabins where they had to stay for the whole experiment, except in the table-conference 

treatment. At the end of the sessions, subjects were paid off one after another and left the cabins 

and the lab separately. 

The experiments were run with 140 undergraduate students of economics and management 

science at the Laboratory for Experimental Economics in Magdeburg (MAXLAB). Each of the 

seven treatments was played with five groups. No subject in the experiment played any more than 

one of the seven treatments. No session lasted longer than 45 minutes. Overall, average payoffs 

were about DM 34 (approximately $17), with a minimum of DM 20 and a maximum of DM 45.

4 Since the outcome of these treatments may depend on the specific video chosen, we decided to exogenously create 
our own video (lecture) and, on the other hand, to choose an endogenously created video showing the communication 
phase of other subjects (talkshow). The fact that such differently created videos generate very similar outcomes, as 
we show below, makes us somewhat confident that our results concerning unidirectional communication are not too 
fragile. Transcripts of the videos shown in the talk-show treatment and the lecture treatment, respectively, are avail-
able from the authors.
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3. Experimental results

3.1 Level and stability of cooperation 

The following figures show the average contribution paths in all seven treatments in percent of 

the endowment (our partition of treatments is guided by observations that we will explain in a 

moment).
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Figure 1a: Average contributions in reference and identification
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Figure 1b: Average contributions in reference, lecture, talk-show and audio-conference



7

1 2 3 4 5 6 7 8 9 10
0

20

40

60

80

100

reference video-conference table-conference

Figure 1c: Average contributions in reference, video-conference and table-conference

The figures strongly suggest that both the level and the stability of group contributions are influ-

enced by our treatment variable. Figure 2 shows the level of cooperation per treatment (in the 

following denoted by l) measured by the overall average contribution, along with the average 

contribution per treatment in the first round only.
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Figure 2: Overall average contributions and average contributions in the first round 
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A Kruskal-Wallis Test on the group level (five independent observations per treatment) reveals 

significant cooperation differences across treatments (p = 0.005). In particular, Figure 2 suggests 

that cooperation levels are significantly higher in video- and table-conferences compared to all 

other treatments. Pairwise comparisons confirm this conjecture for video- and table-conference 

(exact one-tailed Mann-Whitney-U-tests, p < 0.05 for each pairwise comparison separately). On 

the other hand, cooperation levels do neither differ significantly between the two face-to-face 

treatments (video- and table-conference) nor across the other five treatments. Figure 1B suggests, 

however, that pre-play communication through lecture, talkshow, or audio-conference yield 

somewhat more group contributions than reference and identification – at least in the first rounds. 

The comparisons of overall averages and first round averages in Figure 2 strengthen this impres-

sion. In fact, applying exact one-tailed Mann-Whitney-U-tests on the group level, the first round 

averages of lecture, talkshow and audio-conference are significantly higher than the correspond-

ing averages of reference and identification, respectively (p < 0.05 for five pairwise comparisons 

and p < 0.06 for one comparison), while at the same time the differences between lecture, talk-

show and audio-conference are not significant. 

The stability of cooperation, in the following denoted by s, is defined as the average group 

contributions in the last five rounds, measured relative to what has been contributed on average in 

the first five rounds. Figure 3 shows the average stability for each treatment separately.
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Figure 3 shows and a Kruskal-Wallis-test statistically confirms our finding that stability varies 

substantially across treatments (p = 0.042). According to our stability criterion, the no-verbal 

treatments and the face-to-face treatments are similarly stable (s > –20 percent), no significant 

differences occur. On the other hand lecture, talk-show and audio-conference are considerably 

less stable (s < –30 percent). In particular, pairwise comparisons on the group level reveal that 

each of these treatments is significantly less stable than each of the face-to-face treatments (exact 

one-tailed Mann-Whitney-U-tests, p < 0.05), though the comparison with each of the non-verbal 

treatments yields no significant results on the 5-percent level. 

We conclude that the medium of pre-play communication significantly affects both coopera-

tion level and stability of cooperation behavior. Table 2 and Observation 1 summarize our find-

ings.

classes cooperation level stability of cooperation

class 1 no verbal communication

(reference, identification)

low:

l < 50%

high:

s > - 20%

class 2 passive communication

(lecture, talk-show) 

and audio-conference

intermediate:

50% ≤ l ≤ 60%

low:

s < - 30%

class 3 face-to-face communication

(video- and table-conference)

high:

l > 90%

high:

s > - 20%

Table 2: Classification of treatments by level and stability of cooperation

OBSERVATION 1 [LEVEL AND STABILITY EFFECT]: The seven communication treatments can be 

divided into three classes that differ significantly with regard to the level and/or the stability 

of coop eration.

[class 1] no verbal communication: Visual identification alone has no measurable effect on 

cooperation. Both no-verbal communication treatments (reference and identification) yield 

the same low and stable cooperation rates.5

5 The reference and identification treatments both also lead to results that are very consistent with those typically 
observed in public goods experiments in which subjects are not put into isolated booths. 
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[class 2] passive communication and audio-conference: The passive treatments (lecture and 

talk- show) and the audio-conference result in significantly higher first-round contribution 

levels compared to the class 1-treatments. Since cooperation is substantially less stable, 

however, overall contribution rates are only slightly higher.

[class 3] face-to-face communication: In both face-to-face treatments (table- and video-

conference) subjects reach nearly full and stable cooperation rates.6

3.2 Coordination in the active communication treatments 

The analysis of the transcripts in our active communication treatments (audio-, video-, and table-

conference) reveals that the communication patterns are quite insensitive to the communication 

medium.7 In a typical communication phase some subjects first observed that it would be best if 

all group members contribute their whole endowment in every round. As to legitimate this obser-

vation, the payoffs for full cooperation were computed and, qualitatively or quantitatively, com-

pared to payoffs that would follow after no cooperation. In addition, some groups computed the 

maximal individual payoff from free-riding. 

The group discussions showed that, after having completed the training phase, most subjects 

understood the basic conflict between individual and collective rationality. There were, however, 

a few subjects who still misunderstood the underlying incentives of the stage game or the experi-

mental parameters like the number of rounds to be played in the game phase. The other group 

members clarified such misunderstandings.

Once the dilemma structure was common knowledge, naturally the question got up of how to 

arrive at the efficient outcome. All but one group emphasized that cooperation of all is a neces-

sary requirement for persistent cooperation. Moreover, in most groups subjects explicitly pro-

nounced threats not to cooperate unless all other group members cooperate.8 No group, however, 

6 In Section 4, we will come back to the observation that the audio-conference performs significantly worse than the 
face-to-face treatments.
7 Communication phase data are included in Appendix III. The data do not reveal the dynamics of communication 
that might also have influenced behavior. Full transcripts (in German) are available from the authors upon request.
8 One might call these subjects 'conditional cooperators'. Sorts of conditional cooperation have recently been ob-
served in public goods experiments without communication opportunities (Weimann, 1994, Bolton et al., forthcom-
ing, and Ockenfels and Weimann, 1999) and are also theoretically discussed in reciprocity models (Rabin, 1993), 
models of 'unfairness aversion' (Bolton and Ockenfels, 2000, Fehr and Schmidt, 1999), or by the theory of coopera-
tive gain seekers (Brandts and Schram, 2001). While these models differ substantially with respect to the reference 
point on which cooperation is conditioned, they all suggest that people tend to cooperate less when others cooperate 
less. 
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speaks to the unraveling problem inherent in the repeated dilemma game and only one group 

(group 5, video-conference) explicitly recognizes that deviation in the last round cannot be pun-

ished anymore. In this group all subjects promised to fully cooperate until round 9, in all other 

groups all subjects promised to cooperate (either explicitly in all rounds or not).

In sum, subjects expressed a willingness to cooperate conditioned on not being exploited. The 

use of promises together with threats in the communication phase apparently serves to coordinate 

the attempt to reach persistent cooperation. Without the opportunity to coordinate behavior, it 

may be difficult to solve the dilemma since the presence of conditionally cooperative subjects 

suggests that cooperation tends to collapse when (initial) individual behavior is divergent or 

noisy.9 Note also that the possibility to coordinate behavior in a way that yields less than maximal 

group payoffs sometimes came up. For instance, in one group it was proposed to coordinate on 

DM 1, and in other groups players thought about a complex dynamic cooperation rule with alter-

nating contributions. Such ideas were, however, overruled very soon.

From a standard theoretical point of view, talk is cheap. The question then is whether subjects 

actually transform their promises and threats into payoff-relevant behavior. The answer is 'yes'. 

As promised, the large majority (95%) of subjects in the active communication treatments started 

with full cooperation. Any deviation from efficient cooperation is usually followed by a break-

down of full cooperation of other players after not more than 2 rounds.10 A typical example is 

given in the following table. It shows that, after having observed that not all subjects kept their 

promise in round 1, subjects give the efficient outcome only one other chance before cooperation 

collapses.

9 Of course, full cooperation cannot occur in equilibrium of the standard economic model of rational and selfish 
subjects, but it may well occur – at least in the first rounds of the game – in one among multiple equilibria in theories 
of social preferences, in which fair and selfish players may coexist (see in particular the discussion in Bolton and 
Ockenfels, 2000, p. 188). In this sense, the term “coordinate” seems to be appropriate.
10 Only in group 5 of the audio-conference treatment, one subject managed to exploit others over more than two 
rounds. All individual data can be found in the Appendix.
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round subject 1 subject 2 subject 3 subject 4

1 200 200 0 200
2 200 200 0 200
3 0 0 100 0
4 200 0 0 50
5 0 0 0 0
6 0 0 0 100
7 0 0 10 0
8 0 0 0 0
9 0 0 0 0
10 0 0 0 0

Table 3: Cooperation pattern in group 1 of the audio-conference treatment

We summarize our findings in the following observation:

OBSERVATION 2 [COORDINATION]: (1) In the communication phase of the active communication

treatments subjects assert both a willingness to fully cooperate and a willingness to stop co-

operative play if deviations from the multilateral promises should occur (conditional coop-

eration). Furthermore, lacks of understanding of the incentives or experimental parameters 

are eliminated. 

(2) In the game phase, subjects generally complied with both their promises and threats: All 

subjects in the face-to-face treatments and most subjects in the audio-conferences start co-

operatively and cooperation generally collapses after free-riding has been observed. Suc-

cessful cooperation therefore directly mirrors successful coordination in the communication 

phase. 

3.3 The influence of the communication medium

Our previous analysis demonstrates that the communication phase is mainly used to coordinate 

conditionally cooperative strategies. However, as shown before, the level and stability of coop-

eration varies substantially with the communication medium. Hence, coordination appears to be a 

stimulating but by no means the only influence of communication on efficiency-enhancing coop-

eration. What additional requirements are in need to make coordination through communication 

particularly successful? The following analysis further elaborates on the interaction between co-

operation behavior and communication medium. 
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Figure 4 shows the proportion of individual contributions that remain constant from round to 

round, a measure for individual stability.11
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Figure 4: Individual stability across treatments (measured as the average proportion of individ-
ual contributions that remain constant from round to round)

The data displayed in figure 4 shows that individual stability ranges from a treatment average of 

26.1 percent in identification up to 97.2 percent in table-conference. Pooling the treatments 

within the classes as described in Table 2, individual stability over time is highest after face-to-

face communication, significantly lower after passive communication and audio-conference, and 

again significantly lower when there were no opportunities for verbal communication.12 Com-

parisons of group behavior on the treatment level reveal that while nine out of 16 possible treat-

ment comparisons across the three classes are significant on the 5 percent level, no pairwise 

treatment comparison within the classes yields significance (so that our pooling over communica-

11 Formally, the stability of subject's i behavior is defined as ∑
=

∆
20

2

19/
t

t
i  where 1=∆ti  if 1−= t

i
t
i xx  and 0=∆ti  else. 

Other measures of individual stability such as the variance of individual contributions yield very similar conclusions.
12 Applying exact two-tailed Mann-Whitney U-tests on the group level, the comparison between face-to-face com-
munication treatments and passive communication/audio-conference treatments yields p = 0.019, and the comparison 
between non-verbal communication treatments and passive communication/audio-conference treatments yields 
p = 0.000.
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tion classes can be statistically justified).13 This further justifies our earlier classification in Ta-

ble 2.

Subjects tend to change their decisions more frequently when there are no verbal communica-

tion opportunities. However, Figure 3 showed that the cooperation level in the non-verbal treat-

ments is as stable as in the face-to-face treatments. This implies that individual decision instabil-

ity in the non-verbal treatments is largely neutralized on the aggregated level. 

Figure 5 complements our findings with respect to individual stability on the group level. It 

shows the overall round average, and the minimum and maximum round average of first devia-

tion from full cooperation of the five groups per treatment. For instance, all subjects of group 2 of 

the identification treatment deviate from the very beginning, i.e. all group members choose x < 

200 in round one yielding one as the average round of first defection (minimal group average), 

the four subjects of group 3 on average deviate first in round 4 (maximal group average), and the 

overall average round of first deviation over the five groups is 1.85. If a subject chooses x = 200 

in all ten rounds, the corresponding round of first defection is defined as 11.
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Figure 5: Average round of first defection 

13 The individual stability result is reflected in the distributions of relative frequencies of extreme contributions cho-
sen across treatments. Here, an individual contribution x is said to be extreme if the subject resolves the tension be-
tween group efficiency and individual rationality by choosing either x = 200 or x = 0. The average proportion of 
extreme decisions differs up to a factor three across treatments. In particular, the relative frequency of extreme deci-
sions is highest in the face-to-face treatments, lower in the passive treatments and audio-conference (p = 0.008) and 
lowest in the non-verbal treatments (p = 0.001). Only in the non-verbal treatments, the number of full free-riders 
exceeds the number of full cooperators, while free-riding is almost non-existent in the face-to-face treatments. Com-
parisons of group behavior on the treatment level yield significance on the 5 percent level for 11 out of 16 possible 
treatment comparisons across the three communication classes, while again no treatment comparison within the 
classes yields significance.
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In the non-verbal treatments the overall average of the round of first defection is smallest, in 

the passive treatments and the audio-conference it is higher (p = 0.004) and it is maximal in the 

face-to-face-treatments (p = 0.000). Comparisons of group behavior on the treatment level yield 

significance for 12 out of 16 possible treatment comparisons across the three communication 

classes, while no pairwise treatment comparison within a class yields significance. Furthermore, 

note that groups behaved quite homogeneously if either face-to-face communication or if no 

(verbal) communication was allowed, while the passive treatments and the audio-conference ex-

hibit relatively divergent successes of coordination across groups.

Now, we are ready to present a congruent picture of the influence of the communication medium 

on cooperation behavior that emerges from the Figures 1 to 5 together with observations 1 and 2.

When there are no verbal communication opportunities coordination is not easily possible and 

noise with respect to choices and beliefs is more likely. Therefore it is not surprising that individ-

ual contributions vary strongly from the first round on so that it is almost impossible to get locked 

in efficient cooperation.14 The cooperation level is, however, remarkably stable, though highly 

inefficient. Apparently, visual communication alone, as allowed in the identification treatment, is 

not a substitute for verbal communication.15

In the passive communication treatments, coordination is more likely since unidirectional 

communication transmits information about the coordination efforts of others, either by reporting 

about respective experimental phenomena in a lecture or by directly viewing the communication-

phase of another group. Consequently, passive communication has some positive effect on effi-

ciency in the first rounds and leads to somewhat more individual stability. However, due to coor-

dination failure in some groups, average cooperation is considerably less stable than in the face-

to-face treatments and soon reaches the cooperation level of the non-verbal communication 

treatments. While the audio-conference appears to be somewhat more successful than passive 

communication, the differences with respect to both level and stability effects are weak and not 

statistically significant. 

14 Behavior is, however, not (only) randomly determined. Subjects generally tend to adjust their contributions in the 
direction of average contributions. The Spearman rank correlation coefficient between i

t
i
t xx 1−−  and 11 −− − t

i
t xx  for t = 

2, ..., 10 and all i in all treatments is –.448 ( p < .01, two-sided). 
15 The observation that visual identification has no significant effect on behavior implies that reputation effects are 
not the driving force of the cooperation enhancing effect of communication.
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Face-to-face communication, on the other hand, significantly dominates the level performance 

of all other communication treatments and the stability performance of the passive communica-

tion treatments and the audio-conference. Note that this is not due to a decrease in the ‘social dis-

tance’ (see Hoffman et al. 1996, 1999, Bohnet and Frey 1999a,b) or to an increase of ‘group iden-

tity’ (see e.g., Kramer and Brewer 1986, Dawes et al. 1988) through visual identification, since 

the identification treatment controls for these explanations. The overwhelming predominance of 

face-to-face communication is also not due to the possibility that subjects fail to take the chance 

to coordinate on the efficient outcome in the other active communication treatment. As stated 

earlier, all subjects involved in active communication promised to fully cooperate. This leaves us 

with the communication medium per se  as the decisive influence on the success of cooperation.

Observation 3 summarizes our findings:

OBSERVATION 3 [COMMUNICATION MEDIUM]: Cooperation behavior significantly and systemati-

cally depends on the communication medium. The absence of (verbal) communication op-

portunities circumvent efficient coordination and leads to noisy individual behavior. Pas-

sive communication somewhat improves the success of coordination in early rounds, but 

cooperation often breaks down soon. Active communication is especially successful if 

players can use both auditory and visual channels. Then, efficient and stable cooperation 

emerges. The predominance of face-to-face and video-conference performance is, however, 

neither due to a decrease of social distance nor due to differences in the communication 

contents, but apparently caused by the communication medium per se. 

4. Conclusions

Our results strongly suggest that people use pre-play communication as a coordination device for 

(conditionally) cooperative strategies. The success of coordination efforts, however, depends ul-

timately on the specific communication medium. First, unidirectional communication technolo-

gies are rather ineffective means to enhance cooperation, even in the rather small groups of our 

experiments. As a consequence, there is only little hope that the members of large groups manage 

to coordinate their behavior with the help of unidirectional communication technologies alone. 

Second, it does not make a difference if people talk face-to-face sitting at the same table or 

watching each other on a video screen. A video-conference is as useful to employ the favorable 
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features of face-to-face communication as a 'real' conference. So, new electronic communication 

technologies may have a good chance to partly substitute old communication channels that re-

quire people to be near to each other in a physical sense. What is crucial, however, is that there is 

face-to-face communication; in particular, audio communication (without face-to-face interac-

tion) and identification (without active communication) perform significantly worse. Frank 

(1987, 1988) speculates that one critical feature of face-to-face communication is that it provides 

a variety of channels of communication, such as facial expression, that are not available in our 

audio-conferences.16 Identification in principle allows for detecting (physical) signals in line with 

Frank's theory, but identification makes it much harder to coordinate behavior compared to the 

active communication treatments. We speculate that the particularly success of face-to-face inter-

action has also something to do with human evolution and socialization. During the evolution of 

human beings, face-to-face was the only available form of communication. Also, we are social-

ized in small groups that usually interact (and cooperate) face-to-face. Hence, both our evolution-

ary heritage and our social embossing are likely to have taught us to rely on those we see when 

we talk to them.

16 Ockenfels and Selten (2000) and Brosig (forthcoming) tested implications of Frank's theory. While Brosig 
found some supportive evidence in prisoner’s dilemma games, a scenario similar to the present experiment, Ock-
enfels and Selten could not find any evidence for type detection in a two-person bargaining context. 
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Appendix I: Instructions (Translation from German)
IINNSSTTRRUUCCTTIIOONNSS

Preliminary remark: You are participating in an experimental analysis of individual decision making. 
In five minutes, we will come to you for answering open questions. If you have further questions dur-
ing the experiment, please switch on the camera on the monitor. Note that you may not use the com-
puter until we have invited you.

During the experiment you will make a sequence of decisions. In doing so you will in cash earn 
money. The exact amount will depend on your decisions. The total amount of money is paid off at the 
end of the experiment. Both your decisions and your payoff remain secretly meaning that no other 
subject will be informed about it.

Decisions: You are in a group of four. At present, the other three group members are sitting like you in 
a cabin in front of a computer terminal. All group members have received the same instructions.

In ten consecutive rounds, you have to make the following identical decision: In each round you 
get an initial endowment of 2 DM. You have to decide, how much DM you will “keep” and how much 
DM you will “give”. Each given amount x yields an amount of x/2 for every member of the group (the 
person giving the amount inclusive). The amount of money you don’t give, you can keep for your 
own.

Your payoff per round summarized in a formula is: 
2 DM  –  your given amount  +  ½ * sum of all given amounts in the group

Example: Suppose, in a round all group members give 1 DM. Then your payoff per round is 2 DM – 1 
DM + ½ 4 DM = 3 DM. Note that you can give an arbitrary amount between 0 DM and 2 DM in each 
round and that all group members are faced with the same decision context in all ten rounds. After 
each round your are informed about your kept amount, about your given amount, about the sum of 
amounts given by all four group members and your payoff per round.

Training rounds: Before making your decisions, you are given the opportunity to complete 20 training 
rounds. In these rounds, the given amounts of the other group members are simulated: 

• In rounds 1 - 5 the simulated sum of amounts given by the others is 0 DM.
• In rounds 6 - 10 the simulated sum of amounts given by the others is 2 DM.
• In rounds 11 - 15 the simulated sum of amounts given by the others is 4 DM.
• In rounds 16 - 20 the simulated sum of amounts given by the others is 6 DM.

That is, you can get to know for different simulated sums of money given by the other three group 
members the consequences of your own given amount. 

Rounds relevant for your payoff:

[This part is different with regard to the seven treatments of the experiment.]

REFERENCE: Your decisions after the training rounds are relevant for your payoff. Please wait for 
further instructions. 

IDENTIFICATION: Before you make your payoff relevant decisions after the training rounds, you are 
given the opportunity to see the other three group members on a video-monitor for ten seconds. Please 
wait for further instructions. 

LECTURE:Before you make your payoff relevant decisions after the training rounds, you are given the 
opportunity to watch a video. The video shows a lecture in which your decision is explained in more 
detail. Please wait for further instructions. 



TALK-SHOW: Before you make your payoff relevant decisions after the training rounds, you are given 
the opportunity to watch a video. The video shows another group whose members had to make the 
same decisions like you. Before group members decided about their given amounts they were given 
the opportunity to communicate with each other via a video-conferencing system. The video shows 
this communication phase. Please wait for further instructions.

AUDIO-CONFERENCE: Before you make your payoff relevant decisions after the training rounds, you 
are given the opportunity to communicate with each other. Communication takes place via micro-
phone and headphone which are in your cabin. Communication must not last longer than 15 minutes; 
but you are free to finish earlier. Please wait for further instructions. 

VIDEO-CONFERENCE: Before you make your payoff relevant decisions after the training rounds, you 
are given the opportunity to communicate with each other. Communication takes place via a video-
conferencing system. Communication must not last longer than 15 minutes, but you are free to finish 
earlier. Please wait for further instructions. 

TABLE-CONFERENCE: Before you make your payoff relevant decisions after the training rounds, you 
are given the opportunity to communicate with the other three group members. Communication takes 
place in a separate room. Communication must not last longer than 15 minutes, but you are free to 
finish earlier. Please wait for further instructions. 

[This last part is the same for all experiments.]

Keep in mind that you make your decision secretly in a cabin and that your earning is paid off confi-
dentially. (only in the relevant treatments: Except in the communication phase,) you will not meet 
your group members.

In order to avoid influence on other subjects in future experiments, please do not talk to others about 
this session. We thank you for your cooperation!

OTTO-VON-GUERICKE-UNIVERSITY MAGDEBURG

FACULTY OF ECONOMICS AND MANAGEMENT

Herewith I commit to participate in an experimental session

on: Monday, 18.01.1999
at: 1 p.m.
in: building 22, room C 213

The session will last about 1 hour.

• I was informed, that only those could take part in a session who are not acquainted with me. If I notice that 
friends or acquaintances will participate in the same session (same day and same time), I will inform MAX-
LAB immediately.

• I was informed, that non-attendance may circumvent running the session. If I do not call off 24 hours before 
the session begins or if I do not take part without good reason, I will be liable for the loss amounting to at 
least DM 100.

date: address/telephone/e-mail:

name: signature:

MMAAXXLLAABB
Magdeburg Lab of

Experimental Economics
Building 22, Room C 213
Tel.: (0391) 67-18762
Fax: (0391) 67-12971

Email: jeannette.brosig@ww.uni-magdeburg.de



Reference
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 150 200 80 100 530 0 25 0 0 25 50 200 100 140 490 200 20 100 200 520 200 100 100 200 600
2 160 200 200 80 640 25 0 100 0 125 30 40 200 120 390 100 100 110 200 510 0 200 150 200 550
3 170 200 130 50 550 80 50 0 0 130 60 160 200 120 540 200 11 100 200 511 0 151 50 200 401
4 160 200 50 120 530 30 0 0 0 30 70 170 200 130 570 100 167 90 100 457 100 150 150 200 600
5 150 100 50 0 300 100 2 0 15 117 100 180 200 130 610 100 0 100 100 300 100 166 100 200 566
6 150 100 100 80 430 0 50 0 0 50 85 200 200 140 625 100 36 0 200 336 200 102 150 200 652
7 150 100 80 90 420 0 10 0 0 10 83 200 200 150 633 0 83 130 200 413 0 151 175 200 526
8 160 110 60 55 385 18 0 0 20 38 95 150 200 110 555 0 62 100 0 162 100 119 70 200 489
9 150 100 0 110 360 10 0 0 0 10 80 150 200 120 550 100 10 100 100 310 200 0 100 200 500
10 150 0 0 0 150 40 0 0 0 40 60 100 0 130 290 0 78 200 100 378 200 0 150 0 350

Identification
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 200 100 50 100 450 0 101 50 13 164 0 200 50 200 450 20 120 50 100 290 200 100 100 150 550
2 41 150 50 0 241 50 150 100 7 307 0 200 50 200 450 0 100 0 50 150 200 100 150 200 650
3 100 100 75 50 325 80 101 0 0 181 200 200 120 200 720 50 50 75 100 275 200 100 150 150 600
4 31 50 60 150 291 50 0 50 24 124 200 200 150 200 750 20 200 50 80 350 200 50 125 200 575
5 143 100 100 100 443 0 101 0 3 104 200 200 100 200 700 7 0 50 140 197 0 50 100 100 250
6 42 150 80 0 272 30 200 100 7 337 200 200 70 200 670 100 150 75 0 325 200 0 100 150 450
7 52 100 80 100 332 70 99 170 15 354 0 180 0 0 180 20 145 50 0 215 200 0 150 150 500
8 153 100 100 200 553 0 102 57 72 231 0 130 70 1 201 140 110 65 0 315 200 0 50 100 350
9 177 100 100 10 387 0 101 34 5 140 0 150 160 1 311 0 160 80 0 240 0 50 0 0 50
10 8 0 100 0 108 50 106 0 2 158 2 150 85 1 238 0 40 99 0 139 0 0 130 150 280

Lecture
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 150 200 130 200 680 150 100 200 100 550 200 200 200 0 600 100 200 200 200 700 150 200 144 0 494
2 200 200 150 200 750 200 150 0 100 450 200 200 200 0 600 150 200 200 200 750 200 200 190 150 740
3 200 200 200 200 800 100 125 0 100 325 0 200 100 0 300 100 200 200 200 700 200 200 50 99 549
4 200 200 120 200 720 120 125 0 100 345 100 200 100 100 500 150 200 180 200 730 100 200 200 127 627
5 99 200 0 200 499 110 83 0 100 293 0 200 200 100 500 100 180 200 200 680 200 150 150 120 620
6 99 150 70 200 519 100 140 0 100 340 0 200 0 0 200 170 180 200 200 750 200 0 200 180 580
7 99 175 100 200 574 115 96 0 100 311 100 200 100 0 400 100 180 195 200 675 200 0 90 41 331
8 67 200 0 200 467 20 76 0 100 196 100 200 100 0 400 50 180 150 200 580 0 0 100 80 180
9 98 150 50 200 498 50 30 0 0 80 0 200 100 0 300 180 180 100 200 660 100 200 10 122 432
10 0 175 0 99 274 0 0 0 0 0 0 200 50 0 250 100 150 100 200 550 50 0 10 20 80

Appendix II: D
ata 



Talk-show
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 200 60 200 200 660 20 200 200 200 620 200 200 200 100 700 50 75 200 200 525 200 200 200 200 800
2 200 50 190 150 590 100 200 100 200 600 200 200 0 150 550 100 25 0 200 325 200 200 200 200 800
3 200 50 200 50 500 150 180 50 151 531 50 200 200 150 600 100 50 100 200 450 200 200 200 200 800
4 100 50 200 50 400 50 0 100 0 150 200 0 0 150 350 100 100 25 0 225 200 200 200 200 800
5 100 50 101 150 401 10 200 0 100 310 75 100 110 125 410 0 25 200 0 225 200 200 200 200 800
6 100 0 150 10 260 70 0 100 101 271 30 150 150 150 480 0 75 0 0 75 200 200 200 200 800
7 0 50 50 50 150 100 100 0 0 200 15 200 150 150 515 0 0 0 0 0 200 200 200 200 800
8 0 0 190 20 210 0 0 50 0 50 1 0 200 150 351 10 25 0 0 35 200 200 200 200 800
9 0 0 101 140 241 20 0 0 101 121 50 0 0 0 50 10 0 20 0 30 200 200 200 200 800
10 0 50 200 50 300 10 200 20 107 337 1 100 100 0 201 0 50 0 0 50 200 200 0 200 600

Audio-conference
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 200 200 0 200 600 200 200 200 200 800 200 200 200 200 800 200 200 200 25 625 200 200 200 0 600
2 200 200 0 200 600 200 200 200 200 800 200 200 200 200 800 150 200 145 10 505 200 200 200 0 600
3 0 0 100 0 100 200 200 200 200 800 200 200 200 190 790 0 109 150 20 279 200 200 200 0 600
4 200 0 0 50 250 200 200 200 200 800 200 100 200 200 700 10 0 50 50 110 200 200 200 0 600
5 0 0 0 0 0 200 200 200 200 800 170 200 200 200 770 0 0 99 1 100 200 200 200 0 600
6 0 0 0 100 100 200 200 200 200 800 200 200 200 200 800 60 50 0 1 111 200 200 200 0 600
7 0 0 10 0 10 200 200 200 200 800 200 150 200 200 750 0 29 31 1 61 200 199 200 0 599
8 0 0 0 0 0 200 200 200 200 800 200 200 200 200 800 0 0 0 1 1 200 120 0 0 320
9 0 0 0 0 0 200 200 200 200 800 150 50 200 200 600 0 0 50 1 51 0 200 0 0 200
10 0 0 0 0 0 0 0 200 200 400 100 0 0 100 200 20 11 0 1 32 0 110 0 0 110

Video-conference
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
2 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
3 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
4 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
5 200 200 200 200 800 200 200 200 200 800 198 200 200 200 798 200 200 200 200 800 200 200 200 200 800
6 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
7 200 200 200 200 800 200 200 200 200 800 0 200 200 200 600 200 200 200 200 800 200 200 200 200 800
8 200 200 200 200 800 200 200 200 200 800 200 200 200 0 600 200 200 200 200 800 200 200 200 200 800
9 200 200 200 200 800 200 200 200 200 800 150 200 0 0 350 200 200 0 200 600 200 200 200 200 800
10 200 200 200 200 800 0 200 200 200 600 98 50 0 0 148 200 200 0 1 401 10 100 0 0 110



Table-conference
Group 1 Group 2 Group 3 Group 4 Group 5

Round S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum S 1 S 2 S 3 S 4 Sum
1 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
2 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
3 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
4 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
5 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
6 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
7 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
8 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800
9 200 200 200 200 800 200 200 200 200 800 200 200 200 200 800 200 200 200 0 600 200 200 200 200 800
10 200 200 10 200 610 200 200 200 200 800 200 0 200 200 600 200 99 200 0 499 0 200 200 200 600



content of communication
introduction 
of players

preferred 
solution: 
x = 200

calculation 
payoff full 
cooperation

agreement 
necessary

calculation 
max. indiv. 
payoff

threat last 
round 
effect

agreement lacks of 
under-
standing

time results

table-con.
1

X X X X - X - all x = 200           
(always)

- 2:52 
min.

all x = 200 until 
the 9th round

2 - X X X X X - all x = 200           
(always)

X 4:34 
min.

all x = 200 until 
the 10th round

3 - X X X X X - all x = 200 - 3:48 
min.

all x = 200 until 
the 9th round

4 - X X X - - - all x = 200 - 0:42 
min.

all x = 200 until 
the 8th round

5 - X X X - X - all x = 200 - 1:25 
min.

all x = 200 until 
the 9th round

video-con.
1

X X X X - X - all x = 200 X 10:04 
min.

all x = 200 until 
the 10th round

2 - X X X X - - all x = 200           
(always)

X 2:56 
min.

all x = 200 until 
the 9th round

3 - X - X - - - all x = 200 - 0:26 
min.

all x = 200 until 
the 6th round

4 X X X X - X - all x = 200 X 3:27 
min.

all x = 200 until 
the 8th round

5 X X X X X X X all x = 200              
(until the 9th rd.)

X 5:26 
min.

all x = 200 until 
the 9th round

audio-con.
1

X X X X X X - all x = 200 X 2:22 
min.

3 x = 200 until the 
2nd round

2 - X - X - X - all x = 200 - 0:59 
min.

all x = 200 until 
the 9th round

3 - X X X X X - all x = 200           
(always)

X 2:35 
min.

all x = 200 until 
the 8th round

4 X X - - - - - all x = 200           
(always)

- 0:54 
min.

3 x = 200 in the 
1st round

Appendix III
: C

om
m
unication phase data

5 X X - X - X - all x = 200           
(always)

- 1:56 
min.

3 x = 200 until the 
7th round


